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Warranty Disclaimer 
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG�PDNHV�QR�ZDUUDQW\��UHSUHVHQWDWLRQ�RU�JXDUDQWHH��H[SUHVVHG��LPSOLHG��VWDWXWRU\��RU�RWKHUZLVH��E\�
RU�ZLWK�UHVSHFW�WR�DQ\WKLQJ�LQ�WKLV�GRFXPHQW��DQG�VKDOO�QRW�EH�OLDEOH�IRU�DQ\�LPSOLHG�ZDUUDQWLHV�RI�QRQ�LQIULQJHPHQW��
PHUFKDQWDELOLW\�RU�ILWQHVV�IRU�D�SDUWLFXODU�SXUSRVH�RU�IRU�DQ\�LQGLUHFW��VSHFLDO�RU�FRQVHTXHQWLDO�GDPDJHV��  
 
,QIRUPDWLRQ�IXUQLVKHG�LV�EHOLHYHG�WR�EH�DFFXUDWH�DQG�UHOLDEOH��+RZHYHU��5RFNFKLS�(OHFWURQLFV�&R��/WG�DVVXPHV�QR�UHVSRQVLELOLW\�
IRU�WKH�FRQVHTXHQFHV�RI�XVH�RI�VXFK�LQIRUPDWLRQ�RU�IRU�DQ\�LQIULQJHPHQW�RI�SDWHQWV�RU�RWKHU�ULJKWV�RI�WKLUG�SDUWLHV�WKDW�PD\�
UHVXOW�IURP�LWV�XVH��  
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�DUH�QRW�GHVLJQHG��LQWHQGHG��RU�DXWKRUL]HG�IRU�XVLQJ�DV�FRPSRQHQWV�LQ�V\VWHPV�
LQWHQGHG�IRU�VXUJLFDO�LPSODQW�LQWR�WKH�ERG\��RU�RWKHU�DSSOLFDWLRQV�LQWHQGHG�WR�VXSSRUW�RU�VXVWDLQ�OLIH��RU�IRU�DQ\�RWKHU�DSSOLFDWLRQ�
LQ�ZKLFK�WKH�IDLOXUH�RI�WKH�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFW�FRXOG�FUHDWH�D�VLWXDWLRQ�ZKHUH�SHUVRQDO�LQMXU\�RU�GHDWK�PD\�
RFFXU��VKRXOG�EX\HU�SXUFKDVH�RU�XVH�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�IRU�DQ\�VXFK�XQLQWHQGHG�RU�XQDXWKRUL]HG�
DSSOLFDWLRQ��EX\HUV�VKDOO�LQGHPQLI\�DQG�KROG�5RFNFKLS�(OHFWURQLFV�&R�� /WG�DQG�LWV�RIILFHUV��HPSOR\HHV��VXEVLGLDULHV��DIILOLDWHV��
DQG�GLVWULEXWRUV�KDUPOHVV�DJDLQVW�DOO�FODLPV��FRVWV��GDPDJHV��H[SHQVHV��DQG�UHDVRQDEOH�DWWRUQH\�IHHV�DULVLQJ�RXW�RI��HLWKHU�
GLUHFWO\�RU�LQGLUHFWO\��DQ\�FODLP�RI�SHUVRQDO�LQMXU\�RU�GHDWK�WKDW�PD\�EH�DVVRFLDWHG�ZLWK�VXFK�XQLQWHQGHG�RU�XQDXWKRUL]HG�XVH��
HYHQ�LI�VXFK�FODLP�DOOHJHV�WKDW�5RFNFKLS�(OHFWURQLFV�&R�� /WG�ZDV�QHJOLJHQW�UHJDUGLQJ�WKH�GHVLJQ�RU�PDQXIDFWXUH�RI�WKH�SDUW��  
 
&RS\ULJKW�DQG�3DWHQW�5LJKW 
,QIRUPDWLRQ�LQ�WKLV�GRFXPHQW�LV�SURYLGHG�VROHO\�WR�HQDEOH�V\VWHP�DQG�VRIWZDUH�LPSOHPHQWHUV�WR�XVH�5RFNFKLS�(OHFWURQLFV�
&R��/WG�¶V�SURGXFWV��7KHUH�DUH�QR�H[SUHVVHG�DQG�SDWHQW�RU�LPSOLHG�FRS\ULJKW�OLFHQVHV�JUDQWHG�KHUHXQGHU�WR�GHVLJQ�RU�IDEULFDWH�
DQ\�LQWHJUDWHG�FLUFXLWV�RU�LQWHJUDWHG�FLUFXLWV�EDVHG�RQ�WKH�LQIRUPDWLRQ�LQ�WKLV�GRFXPHQW��  
 
5RFNFKLS�(OHFWURQLFV�&R�� /WG�GRHV�QRW�FRQYH\�DQ\�OLFHQVH�XQGHU�LWV�FRS\ULJKW�DQG�SDWHQW�ULJKWV�
QRU�WKH�ULJKWV�RI�RWKHUV��  
$OO�FRS\ULJKW�DQG�SDWHQW�ULJKWV�UHIHUHQFHG�LQ�WKLV�GRFXPHQW�EHORQJ�WR�WKHLU�UHVSHFWLYH�RZQHUV�
DQG�VKDOO�EH�VXEMHFW�WR�FRUUHVSRQGLQJ FRS\ULJKW�DQG�SDWHQW�OLFHQVLQJ�UHTXLUHPHQWV� 
 
7UDGHPDUNV�  
5RFNFKLS�DQG�5RFNFKLS70�ORJR�DQG�WKH�QDPH�RI�5RFNFKLS�(OHFWURQLFV�&R�� /WG¶V�SURGXFWV�DUH�WUDGHPDUNV�RI�5RFNFKLS�(OHFWURQLFV�
&R�� /WG��DQG�DUH�H[FOXVLYHO\�RZQHG�E\�5RFNFKLS�(OHFWURQLFV�&R�� /WG��5HIHUHQFHV�WR�RWKHU�FRPSDQLHV�DQG�WKHLU�SURGXFWV�XVH�
WUDGHPDUNV�RZQHG�E\�WKH�UHVSHFWLYH�FRPSDQLHV�DQG�DUH�IRU�UHIHUHQFH�SXUSRVH�RQO\��  
 
&RQILGHQWLDOLW\ 
7KH�LQIRUPDWLRQ�FRQWDLQHG�KHUHLQ��LQFOXGLQJ�DQ\�DWWDFKPHQWV��LV�FRQILGHQWLDO��7KH�UHFLSLHQW�KHUHE\�DFNQRZOHGJHV�WKH�
FRQILGHQWLDOLW\�RI�WKLV�GRFXPHQW��DQG�H[FHSW�IRU�WKH�VSHFLILF�SXUSRVH��WKLV�GRFXPHQW�VKDOO�QRW�EH�GLVFORVHG�WR�DQ\�WKLUG�SDUW\� 
�  
5HYHUVH�HQJLQHHULQJ�RU�GLVDVVHPEO\�LV�SURKLELWHG��  
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(OHFWURQLFV�&R�� /WG��  

 

 

 

 

 

  



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  11 

Chapter 1 System Overview 
1  

1.1 Address Mapping 
5.�����ERRW�IURP�LQWHUQDO�%RRW5RP��ZKLFK�VXSSRUWV�UHPDS�IXQFWLRQ�E\�VRIWZDUH�
SURJUDPPLQJ��5HPDS�LV�FRQWUROOHGE\308B6*5)B62&B&21�>�����@��:KHQ�UHPDS�LV�VHW�WR�
�¶E����WKH�%RRW5RP�LV�XQ�DFFHVVLEOH�DQG�308B65$0�LV�PDSSHG�WR�DGGUHVV��[))))������
:KHQ�UHPDS�LV�VHW�WR��¶E����WKH�%RRW5RP�LV�XQ�DFFHVVLEOH�DQG6<67(0B65$0�LV�PDSSHG�WR�
DGGUHVV��[))))����� 

Table 1-1Address Mapping 
Module Start Address Size Module Start Address Size 

PCIe3x2_S 0xF0000000 32MB Reserved 0xFE290000 64KB 

PCIe3x1_S 0xF2000000 32MB GMAC0 0xFE2A0000 64KB 

PCIe2x1_S 0xF4000000 32MB SDMMC0 0xFE2B0000 64KB 

PCIe3x2_DBI 0xF6000000 4MB SDMMC1 0xFE2C0000 64KB 

PCIe3x1_DBI 0xF6400000 4MB Reserved 0xFE2D0000 192KB 

PCIe2x1_DBI 0xF6800000 4MB FSPI 0xFE300000 64KB 

Reserved 0xF6C00000 84MB EMMC 0xFE310000 64KB 

SATA0 0xFC000000 4MB Reserved 0xFE320000 64KB 

SATA1 0xFC400000 4MB NANDC 0xFE330000 64KB 

SATAx2 0xFC800000 4MB Reserved 0xFE340000 128KB 

USB3_0 0xFCC00000 4MB KEYLADDER_S 0xFE360000 64KB 

USB3_1 0xFD000000 4MB TRNG_S 0xFE370000 64KB 

GIC600 0xFD400000 4MB CRYPTO_NS 0xFE380000 32KB 

USB20HOST0 0xFD800000 512KB TRNG_NS 0xFE388000 16KB 

USB20HOST1 0xFD880000 512KB OTP_NS 0xFE38C000 16KB 

DAPLITE 0xFD900000 512KB Reserved 0xFE390000 64KB 

Rreserved 0xFD980000 512KB OTP_S 0xFE3A0000 32KB 

QSGMII_PCS 0xFDA00000 2MB DCF_S 0xFE3A8000 32KB 

PMU_SGRF 0xFDC00000 64KB Reserved 0xFE3B0000 32KB 

Reserved 0xFDC10000 64KB KEY_READER 0xFE3B8000 32KB 

PMU_GRF 0xFDC20000 64KB WDT_S 0xFE3C0000 64KB 

CPU_GRF 0xFDC30000 64KB SEC_TRNG_CHK 0xFE3D0000 64KB 

DDR_GRF 0xFDC40000 64KB JBG_USR 0xFE3E0000 64KB 

PIPE_GRF 0xFDC50000 64KB JBG_OTP 0xFE3F0000 64KB 

SYS_GRF 0xFDC60000 64KB I2S0_8CH 0xFE400000 64KB 

PIPE_PHY_GRF0 0xFDC70000 64KB I2S1_8CH 0xFE410000 64KB 

PIPE_PHY_GRF1 0xFDC80000 64KB I2S2_2CH 0xFE420000 64KB 

PIPE_PHY_GRF2 0xFDC90000 64KB I2S3_2CH 0xFE430000 64KB 

USBPHY_U3_GRF 0xFDCA0000 32KB PDM 0xFE440000 64KB 

USBPHY_U2_GRF 0xFDCA8000 32KB VAD 0xFE450000 64KB 

EDP_PHY_GRF 0xFDCB0000 32KB SPDIF_8CH 0xFE460000 64KB 

PCIE30_PHY_GRF 0xFDCB8000 32KB AUDPWM 0xFE470000 32KB 

SYSTEM_SRAM(64K) 0xFDCC0000 64KB DIG_ACODEC 0xFE478000 32KB 

PMU_MEM 0xFDCD0000 128KB SDMMC_BUF 0xFE480000 64KB 

USB_GRF 0xFDCF0000 64KB Reserved 0xFE490000 448KB 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  12 

Module Start Address Size Module Start Address Size 

PMU_CRU 0xFDD00000 64KB Reserved 0xFE500000 64KB 

CRU_S 0xFDD10000 32KB DMAC0_S 0xFE510000 64KB 

SYS_SGRF 0xFDD18000 16KB Reserved 0xFE520000 64KB 

Stimer 0xFDD1C000 16KB DMAC0_NS 0xFE530000 64KB 

CRU_NS 0xFDD20000 64KB DMAC1_S 0xFE540000 64KB 

PMU_CRU_S 0xFDD30000 64KB DMAC1_NS 0xFE550000 64KB 

I2C0 0xFDD40000 64KB SCR 0xFE560000 64KB 

UART0 0xFDD50000 64KB CAN0 0xFE570000 64KB 

GPIO0 0xFDD60000 64KB CAN1 0xFE580000 64KB 

PWM0 0xFDD70000 64KB CAN2 0xFE590000 64KB 

PVTM_PMU 0xFDD80000 64KB I2C1 0xFE5A0000 64KB 

PMU_NS 0xFDD90000 64KB I2C2 0xFE5B0000 64KB 

Reserved 0xFDDA0000 128KB I2C3 0xFE5C0000 64KB 

DDR_SCRAMBLE_KEY 0xFDDC0000 32KB I2C4 0xFE5D0000 64KB 

OSC_CHK 0xFDDC8000 32KB I2C5 0xFE5E0000 64KB 

Reserved 0xFDDD0000 192KB TIMER_NS 0xFE5F0000 64KB 

PVTM_CORE 0xFDE00000 64KB WDT_NS 0xFE600000 64KB 

Reserved 0xFDE10000 128KB SPI0 0xFE610000 64KB 

GIC600 0xFDE30000 0KB SPI1 0xFE620000 64KB 

SPINLOCK 0xFDE30000 64KB SPI2 0xFE630000 64KB 

NPU 0xFDE40000 128KB SPI3 0xFE640000 64KB 

MALIG52 0xFDE60000 128KB UART1 0xFE650000 64KB 

PVTM_GPU 0xFDE80000 64KB UART2 0xFE660000 64KB 

PVTM_NPU 0xFDE90000 64KB UART3 0xFE670000 64KB 

VDPU 0xFDEA0000 64KB UART4 0xFE680000 64KB 

RGA 0xFDEB0000 64KB UART5 0xFE690000 64KB 

EBC 0xFDEC0000 64KB UART6 0xFE6A0000 64KB 

JPEG_DEC 0xFDED0000 64KB UART7 0xFE6B0000 64KB 

JPEG_ENC 0xFDEE0000 64KB UART8 0xFE6C0000 64KB 

IEP 0xFDEF0000 64KB UART9 0xFE6D0000 64KB 

Eink 0xFDF00000 128KB PWM1 0xFE6E0000 64KB 

Reserved 0xFDF20000 128KB PWM2 0xFE6F0000 64KB 

RKVENC 0xFDF40000 128KB PWM3 0xFE700000 64KB 

Reserved 0xFDF60000 128KB TSADC 0xFE710000 64KB 

RKVDEC 0xFDF80000 128KB SARADC 0xFE720000 64KB 

CSI_RX_CTRL0 0xFDFA0000 64KB Reserved 0xFE730000 64KB 

CSI_RX_CTRL1 0xFDFB0000 64KB GPIO1 0xFE740000 64KB 

Reserved 0xFDFC0000 64KB GPIO2 0xFE750000 64KB 

VICAP0 0xFDFD0000 64KB GPIO3 0xFE760000 64KB 

VICAP1 0xFDFE0000 64KB GPIO4 0xFE770000 64KB 

ISP 0xFDFF0000 64KB Mailbox 0xFE780000 64KB 

SDMMC2 0xFE000000 64KB MCU_INTC 0xFE790000 64KB 

GMAC1 0xFE010000 64KB Reserved 0xFE7A0000 384KB 

Reserved 0xFE020000 128KB DDR_PHY 0xFE800000 64KB 
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Module Start Address Size Module Start Address Size 

VOP 0xFE040000 64KB Reserved 0xFE810000 64KB 

HDCP_AHB 0xFE050000 64KB PIPE_PHY0 0xFE820000 64KB 

DSITX0 0xFE060000 64KB PIPE_PHY1 0xFE830000 64KB 

DSITX1 0xFE070000 64KB PIPE_PHY2 0xFE840000 64KB 

HDCP_APB 0xFE080000 128KB DSI_TX_PHY0 0xFE850000 64KB 

HDMI 0xFE0A0000 128KB DSI_TX_PHY1 0xFE860000 64KB 

eDP 0xFE0C0000 64KB CSI_RX_PHY 0xFE870000 64KB 

HDCP_KEY 0xFE0D0000 64KB OTP_PHY 0xFE880000 64KB 

Reserved 0xFE0E0000 128KB CPU_BOOST 0xFE890000 64KB 

Reserved 0xFE100000 1024KB USB2PHY_U3OTG 0xFE8A0000 64KB 

FIREWALL_DDR 0xFE200000 64KB USB2PHY_U2HOST 0xFE8B0000 64KB 

Reserved 0xFE210000 64KB PCIE30_PHY 0xFE8C0000 128KB 

DMA2DDR 0xFE220000 64KB PCIe2x1_S 0x300000000 1024MB 

DFIMON 0xFE230000 64KB PCIe3x1_S 0x340000000 1024MB 

DFICTRL 0xFE240000 64KB PCIe3x2_S 0x380000000 1024MB 

UPCTL2 0xFE250000 64KB PCIe2x1_DBI 0x3C0000000 4MB 

PCIe2x1_APB 0xFE260000 64KB PCIe3x1_DBI 0x3C0400000 4MB 

PCIe3x1_APB 0xFE270000 64KB PCIe3x2_DBI 0x3C0800000 4MB 

PCIe3x2_APB 0xFE280000 64KB    

 
7KH�IROORZLQJ�WDEOH�VKRZ�WKH�ERRW�DGGUHVV�ZKHQ�EHIRUH�UHPDS�DQG�DIWHU�UHPDS 

Table 1-2Address Remapping 

UHPDS>���@ �
E�� UHPDS>���@ �
E�� UHPDS>���@ �
E�� 

  QRW�DFFHVVLEOH %RRW5RP���.%� QRW�DFFHVVLEOH %RRW5RP���.%� 

�[))))���� %RRW5RP���.%� �[))))���� 308B65$0��.%� �[))������ 6<67(0B65$0 
���.%� 

�[)'&'���� 308B65$0��.%� �[)'&'���� 308B65$0��.%� �[)'&'���� 308B65$0��.%� 

�[)'&&���� 6<67(0B65$0 
���.%� �[)'&&���� 6<67(0B65$0 

���.%� �[)'&&���� 6<67(0B65$0 
���.%� 

1.2 System Boot 
5.�����SURYLGHV�V\VWHP�ERRW�IURP�RII�FKLS�GHYLFHV�VXFK�DV�6'00&�FDUG��H00&�PHPRU\��
VHULDO�1DQGRU�1RUIODVK��:KHQ�ERRW�FRGH�LV�QRW�UHDG\�LQ�WKHVH�GHYLFHV��DOVR�SURYLGH�V\VWHP�
FRGH�GRZQORDG�LQWR�WKHP�E\�86%�27*LQWHUIDFH��$OO�RI�WKH�ERRW�FRGH�ZLOO�EH�VWRUHG�LQ�LQWHUQDO�
%RRW5RP��7KH�IROORZLQJ�LV�WKH�ZKROH�ERRW�SURFHGXUH�IRU�ERRW�FRGH��ZKLFK�ZLOO�EH�VWRUHG�LQ�
%RRW5RPLQ�DGYDQFH� 
7KH�IROORZLQJ�IHDWXUHV�DUH�VXSSRUWHG� 
z Support system boot from the following device: 

� Serial Nor Flash, 1bit or 4bits data width(device layout in FSPI IO) 
� Serial Nand Flash, 1bit data width(device layout in FSPI IO) 
� Asynchronous Flash Interface, 8bits data width 
� eMMC Interface, 8bits data width 
� SDMMC Card, 4bits data width 

z Support system code download by USB OTG 
)ROORZLQJ�ILJXUH�VKRZV�5.����ERRW�SURFHGXUH�IORZ� 
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   CPU get first instruction from 
address 0xFFFF0000, 
romcode start to run

Check ID BLOCK from 
external SPI Nand Flash

ID BLOCK correct?

1.Read SDRAM initialization image code to SYSTEM_SRAM
2.Run boot code to do DDR initialization
3.Transfer boot code to DDR
4.Run boot code

Yes

Check ID BLOCK from 
external Nand Flash

Check ID BLOCK from 
external eMMC Flash

No

1.Wait request for download DDR image code
2.Download DDR image code to SYSTEM_SRAM
3.Run DDR image code
4.Wait request for download loader image code
5.Download loader image code to DDR
6.Run loader image

Initialize USB port

OS, 
Boot or download end

ID BLOCK correct?
Yes

No

ID BLOCK correct? Yes

No

No

Check ID BLOCK from 
external SPI Nor Flash

ID BLOCK correct?

No

Yes

Check ID BLOCK from 
external SDMMC card

ID BLOCK correct? Yes

 
Fig. 1-1RK3568Boot Procedure Flow 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  15 

1.3 System Interrupt Connection 
5.�����SURYLGHV�DQ�JHQHUDO�LQWHUUXSW�FRQWUROOHU��*,&��IRU�&38��ZKLFK�KDV�����63,��VKDUHG�
SHULSKHUDO�LQWHUUXSWV��LQWHUUXSW�VRXUFHV�DQG���33,�3ULYDWH�SHULSKHUDO�LQWHUUXSW��LQWHUUXSW�
VRXUFH�DQG�VHSDUDWHO\�JHQHUDWHV�RQH�Q,54�DQG�RQH�Q),4�WR�&38��7KH�WULJJHUHG�W\SH�IRU�HDFK�
LQWHUUXSW�LV�KLJK�OHYHO�VHQVLWLYH��QRW�SURJUDPPDEOH��7KH�GHWDLOHG�LQWHUUXSW�VRXUFHV�
FRQQHFWLRQ�LV�LQ�WKH�IROORZLQJ�WDEOH��  

Table 1-3RK3568 Interrupt Connection List 
Number Source Polarity Number Source Polarity 

0-31 PPI  High level 141  timer0 High level 

32  audpwm High level 142  timer1 High level 

33  can0 High level 143  timer2 High level 

34  can1 High level 144  timer3 High level 

35  can2 High level 145  timer4 High level 

36  crypto_ns High level 146  timer5 High level 

37 Reserved High level 147  tsadc High level 

38  csirx0_1 High level 148  uart0_pmu High level 

39  csirx0_2 High level 149  uart1 High level 

40  csirx1_1 High level 150  uart2 High level 

41  csirx1_2 High level 151  uart3 High level 

42  dcf High level 152  uart4 High level 

43  ddrmon High level 153  uart5 High level 

44  dma2ddr High level 154  uart6 High level 

45  dmac0_abort High level 155  uart7 High level 

46  |dmac0 High level 156  uart8 High level 

47  dmac1_abort High level 157  uart9 High level 

48  |dmac1 High level 158  upctl_alert_err High level 

49  ebc High level 159  upctl_arpoison High level 

50  edp High level 160  upctl_awpoison High level 

51  emmc High level 161  usb2host0_arb High level 

52  gic_err High level 162  usb2host0_ehci High level 

53  gic_fault High level 163  usb2host0_ohci High level 

54  gic_pmu High level 164  usb2host1_arb High level 

55  gmac0_lpi High level 165  usb2host1_ehci High level 

56  gmac0_pmt High level 166  usb2host1_ohci High level 

57  gmac0_sbd_perch_rx High level 167  usbphy0_grf High level 

58  gmac0_sbd_perch_tx High level 168  usbphy1_grf High level 

59  gmac0_sbd High level 169  vad High level 

60  gmac1_lpi High level 170  vdpu_mmu High level 

61  gmac1_pmt High level 171  vdpu_xintdec High level 

62  gmac1_sbd_perch_rx High level 172  rkvenc_enc High level 

63  gmac1_sbd_perch_tx High level 173  rkvenc_mmu0 High level 

64  gmac1_sbd High level 174  rkvenc_mmu2 High level 

65  gpio0_pmu High level 175 Reserved High level 

66  gpio1 High level 176  vop_lb High level 

67  gpio2 High level 177  vicap0 High level 
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Number Source Polarity Number Source Polarity 

68  gpio3 High level 178  vicap1 High level 

69  gpio4 High level 179  vop_ddr High level 

70  gpu_event High level 180  vop High level 

71  gpu_gpu High level 181  wdtns High level 

72  gpu_job High level 182  wdts High level 

73  gpu_mmu High level 183 npu High level 

74  hdcp High level 184  sdmmc0_detectn_grf High level 

75 Reserved High level 185  sdmmc1_detectn_grf High level 

76  hdmi_wakeup High level 186  sdmmc2_detectn_grf High level 

77  hdmi High level 187  sdmmc0_dectn_in_flt_grf High level 

78  i2c0_pmu High level 188  pcie30x1_err High level 

79  i2c1 High level 189  pcie30x1_legacy High level 

80  i2c2 High level 190  pcie30x1_msg_rx High level 

81  i2c3 High level 191  pcie30x1_pmc High level 

82  i2c4 High level 192  pcie30x1_sys High level 

83  i2c5 High level 193  pcie30x2_err High level 

84  i2s0_8ch High level 194  pcie30x2_legacy High level 

85  i2s1_8ch High level 195  pcie30x2_msg_rx High level 

86  i2s2_2ch High level 196  pcie30x2_pmc High level 

87  i2s3_2ch High level 197  pcie30x2_sys High level 

88  iep High level 198  key_reader High level 

89  isp_mipi High level 199  otpc_ns High level 

90  isp_mi High level 200  otp_s High level 

91  isp_mmu High level 201  usb3otg0 High level 

92  isp High level 202  usb3otg1 High level 

93  jpeg_dec_mmu High level 203  sbr_done_intr High level 

94  jpeg_dec High level 204  ecc_corrected_err_intr High level 

95  jpeg_enc_mmu High level 205  ecc_corrected_err_intr_fault High level 

96  jpeg_enc High level 206  ecc_uncorrected_err_intr High level 

97  lfps_beacon_multi_phy0 High level 207  ecc_uncorrected_err_intr_fault High level 

98  lfps_beacon_multi_phy1 High level 208  derate_temp_limit_intr High level 

99  lfps_beacon_multi_phy2   High level 209  derate_temp_limit_intr_fault High level 

100  mipi_dsi_0 High level 210  eink High level 

101  mipi_dsi_1 High level 211 Reserved High level 

102  nandc High level 212  hwffc High level 

103  pcie20_err High level 213  ahb2axi_i  High level 

104  pcie20_legacy High level 214  ahb2axi_d  High level 

105  pcie20_msg_rx High level 215  mailbox_ca55[0] High level 

106  pcie20_pmc High level 216  mailbox_ca55[1] High level 

107  pcie20_sys High level 217  mailbox_ca55[2] High level 

108  pdm High level 218  mailbox_ca55[3] High level 

109  pmu High level 219  mailbox_mcu[0] High level 

110  pvtm_core High level 220  mailbox_mcu[1] High level 
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Number Source Polarity Number Source Polarity 

111  pvtm_gpu High level 221  mailbox_mcu[2] High level 

112  pvtm_npu High level 222  mailbox_mcu[3] High level 

113  pvtm_pmu High level 223  trng_chk High level 

114  pwm_pmu High level 224  xpcs_sbd High level 

115  pwm1 High level 225  otp_mask High level 

116  pwm2 High level 259:226 Reserved High level 

117  pwm3 High level 260 ca55_pmuirq[0] High level 

118  pwr_pwm_pmu High level 261 ca55_pmuirq[1] High level 

119  pwr_pwm1 High level 262 ca55_pmuirq[2] High level 

120  pwr_pwm2 High level 263 ca55_pmuirq[3] High level 

121  pwr_pwm3 High level 264 nvcpumntirq[0] High level 

122  rga High level 265 nvcpumntirq[1] High level 

123  rkvdec_m_dec High level 266 nvcpumntirq[2] High level 

124  rkvdec_m_mmu High level 267 nvcpumntirq[3] High level 

125  saradc High level 268 ncommirq[0] High level 

126  sata0 High level 269 ncommirq[1] High level 

127  sata1 High level 270 ncommirq[2] High level 

128  sata2 High level 271 ncommirq[3] High level 

129  scr High level 272 nfaultirq[0] High level 

130  sdmmc0 High level 273 nfaultirq[1] High level 

131  sdmmc1 High level 274 nfaultirq[2] High level 

132  sdmmc2 High level 275 nfaultirq[3] High level 

133 fspi High level 276 nfaultirq[4] High level 

134  spdif_8ch High level 277 nerrirq[0] High level 

135  spi0 High level 278 nerrirq[1] High level 

136  spi1 High level 279 nerrirq[2] High level 

137  spi2 High level 280 nerrirq[3] High level 

138  spi3 High level 281 nerrirq[4] High level 

139  stimer0 High level 282 nclusterpmuirq High level 

140  stimer1 High level    

1.4 System DMA Hardware Request Connection 
5.�����SURYLGHV�WZR�'0$�FRQWUROOHU��'0$&��LQVLGH�WKH�V\VWHP��WKH�IROORZLQJ�WDEOH�LV�WKH�
'0$�KDUGZDUH�UHTXHVW�OLVW� 

Table 1-4RK3568 DMAC Hardware Request Connection List 
DMAC0 DMAC1 

Req Number Source Polarity Req Number Source Polarity 
0 Uart0 tx High level 0 I2S0_8ch_tx High level 

1 uart0 rx High level 1 spdif High level 

2 uart1 tx High level 2 I2S1_8ch_tx High level 

3 uart1 rx High level 3 I2S1_8ch_rx High level 

4 uart2 tx High level 4 I2S2_2ch_tx High level 

5 uart2 rx High level 5 I2S2_2ch_rx High level 

6 uart3 tx High level 6 I2S3_2ch_tx High level 
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DMAC0 DMAC1 

Req Number Source Polarity Req Number Source Polarity 
7 uart3 rx High level 7 I2S3_2ch_rx High level 

8 uart4 tx High level 8 aupwm High level 

9 uart4 rx High level 9 pdm High level 

10 uart5 tx High level 10 sdmmc_buffer High level 

11 uart5 rx High level 11 can0_tx High level 

12 uart6 tx High level 12 can0_rx High level 

13 uart6 rx High level 13 can1_tx High level 

14 uart7 tx High level 14 can1_rx High level 

15 uart7 rx High level 15 can2_tx High level 

16 uart8 tx High level 16 can2_rx High level 

17 uart8 rx High level 17 Reserved   

18 uart9 tx High level 18 Reserved   

19 uart9 rx High level 19 Reserved   

20 spi0_tx High level 20 Reserved   

21 spi0_rx High level 21 Reserved   

22 spi1_tx High level 22 Reserved   

23 spi1_rx High level 23 Reserved   

24 spi2_tx High level 24 Reserved   

25 spi2_rx High level 25 Reserved   

26 spi3_tx High level 26 Reserved   

27 spi3_rx High level 27 Reserved   

28 pwm0 High level 28 Reserved   

29 pwm1 High level 29 Reserved   

30 pwm2 High level 30 Reserved   

31 pwm3 High level 31 Reserved   
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Chapter 2 Clock & Reset Unit (CRU) 
2  

2.1 Overview 
7KH�&58�LV�DQ�$3%�VODYH�PRGXOH�WKDW�LV�GHVLJQHG�IRU�JHQHUDWLQJ�DOO�RI�WKH�LQWHUQDO�DQG�
V\VWHP�FORFNV��UHVHWV�LQ�WKH�FKLS��&58�JHQHUDWHV�V\VWHP�FORFNV�IURP�3//�RXWSXW�FORFN�RU�
H[WHUQDO�FORFN�VRXUFH��DQG�JHQHUDWHV�V\VWHP�UHVHW�IURP�H[WHUQDO�SRZHU�RQ�UHVHW��ZDWFKGRJ�
WLPHU�UHVHW�RU�VRIWZDUH�UHVHW�RU�WHPSHUDWXUH�VHQVRU� 
7KH�&58�LVORFDWHG�DW�VHYHUDO�DGGUHVVHV� 
z 308&58��XVHG�IRU�DOZD\V�RQ�V\VWHP��ZLWK�EDVH�DGGUHVV��[)''����� 
z 3086&58��XVHG�IRU�DOZD\V�RQ�VHFXUH�V\VWHP��ZLWK�EDVH�DGGUHVV��[)''����� 
z &58��XVHG�IRU�JHQHUDO�V\VWHP�H[FHSW�DOZD\V�RQ�V\VWHP��ZLWK�EDVH�DGGUHVV�

�[)''����� 
z 6&58��XVHG�IRU�JHQHUDO�VHFXUH�V\VWHP�H[FHSW�DOZD\V�RQ�V\VWHP��ZLWK�EDVH�DGGUHVV�

�[)''����� 
7KH�&58�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z &RPSOLDQFH�ZLWK�$0%$�$3%�LQWHUIDFH 
z (PEHGGHG�ZLWK���IUDFWLRQDO�3//V�DQG���LQWHJHU�3//V 
z )OH[LEOH�VHOHFWLRQ�RI�FORFN�VRXUFH 
z 6XSSRUW�GLYLGLQJ�FORFN�VHSDUDWHO\ 
z 6XSSRUW�JDWLQJFORFN�VHSDUDWHO\ 
z 6XSSRUWVRIWZDUH�UHVHW�HDFK�PRGXOH�VHSDUDWHO\ 

 

2.2 Block Diagram 
7KH�&58�FRPSULVHV�ZLWK� 
z 3// 
z 5HJLVWHU�FRQILJXUDWLRQ�XQLW 
z &ORFN�JHQHUDWH�XQLW 
z 5HVHW�JHQHUDWH�XQLW 

 

clk_gen(CGU)

APB 
Interface

Clock & 
Reset

Control 
Signal

rst_gen(RGU)

apb_cru(CRU 
Register
Groups)

PLL

 
Fig.2-1 CRU Block Diagram 

 

2.3 Function Description 
2.3.1 6\VWHP�&ORFN�6ROXWLRQ 
7KHUH�DUH���IUDFWLRQDO�3//V�LQ�5.������$3//��33//��+3//��'3//��&3//�DQG�*3//�7KHUH�DUH�
DOVR���LQWHJHU�3//V��03//��13//�DQG�93//��(DFK�3//�FDQ�RQO\�UHFHLYH���0+]�RVFLOODWRU�DV�
LQSXW�UHIHUHQFH�FORFN�DQG�FDQ�EH�VHW�WR�WKUHH�ZRUN�PRGHV��QRUPDO�PRGH��VORZ�PRGH�DQG�
GHHS�VORZ�PRGH��:KHQ�SRZHU�RQ�RU�FKDQJLQJ�3//�VHWWLQJ��ZH�PXVW�SURJUDP�3//�LQWR�VORZ�
PRGH�RU�GHHS�VORZ�PRGH� 
7R�PD[LPL]H�WKH�IOH[LELOLW\��VRPH�RI�FORFNV�FDQ�VHOHFW�GLYLGHU�VRXUFH�IURP�PXOWLSOH�3//V�7R�
SURYLGH�VRPH�VSHFLILF�IUHTXHQF\��DQRWKHU�VROXWLRQ�LV�LQWHJUDWHG��IUDFWLRQDO�GLYLGHU��'LYIUHH���
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GLYLGHU�DQG�GLYIUHH13��GLYLGHU�DUH�DOVR�SURYLGHG�IRU�VRPH�PRGXOHV�$OO�FORFNV�FDQ�EH�JDWHG�
E\�VRIWZDUH� 
7KH�EDVLF�XQLWV�IRU�FORFN�JHQHUDWLRQ�DUH� 
z *DWLQJ 
z 08;�PXOWLSOH[HU� 
z 'LYIUHH�*OLWFK�IUHH�GLYLGHU� 
� FONBRXWBIUHT FONBLQBIUHT�GLYLVRU 
� :KHQ�GLYLVRU�LV�HYHQ��WKH�FORFN�GXW\�F\FOH�RI�FONBRXW�LV���� 
� :KHQ�GLYLVRU�LV�RGG��WKH�FORFN�GXW\�F\FOH�RI�FONBRXW�LV�QRW���� 

z )UDFGLY�)UDFWLRQDO�GLYLGHU� 
� FONBRXWBIUHT FONBLQBIUHTQXPHUDWRU�GHQRPLQDWRU��ERWK�QXPHUDWRU�DQG�

GHQRPLQDWRU�DUH����ELWV 
z 'LYIUHH���*OLWFK�IUHH�GLYLGHU�IRU�GXW\�F\FOH����� 
� FONBRXWBIUHT FONBLQBIUHT�GLYLVRU 
� :KHQ�GLYLVRU�LV�HYHQ�RU�RGG��WKH�FORFN�GXW\�F\FOH�RI�FONBRXW�LV���� 

z 'LY)UHH13��*OLWFK�IUHH�GLYLGHU�IRU�QXOO�SRLQW��� 
� FONBRXWBIUHT ��FONBLQBIUHT���GLYBFRQ��� 
� 7KH�FORFN�GXW\�F\FOH�RI�FONBRXW�LV�QRW���� 

7KH�VHWWLQJV�RI�DOO�EDVLF�XQLWV�DUH�FRQWUROOHG�E\�&58�UHJLVWHUV� 
2.3.2 6\VWHP�5HVHW�6ROXWLRQ 
$OPRVW�DOO�PRGXOH�KDYH�WKHVH�UHVHW�VRXUFH�DV�WKH�IROORZLQJ�ILJXUH�VKRZV��7KH�µ[[[¶�LQ�WKH�
ILJXUH�LV�WKH�PRGXOH�QDPH� 

Filter
glitch

NPOR
chiprst counter

sysrstn chiprstn

sync
logic

soc_wdt_rstn

||
rstn_ip

rstn counter
rstn_pre

||

rstn_pre

sync
logic

resetn_xxx
~xxx_softrstn_req

glb_srstn_1

glb_srstn_2

soc_tsadc_rstn

 
Fig.2-2 Reset Architecture Diagram 

5HVHW�VRXUFH�RI�HDFK�UHVHW�VLJQDO�LQFOXGHV� 
z 1325��([WHUQDO�SRZHU�RQ�UHVHW 
z VRFBZGWBUVWQ��5HVHW�IURP�:'7�PRGXOH 
z VRFBWVDGFBUVWQ�5HVHW�IURP�76$'&PRGXOH 
z VRIWUVWQBUHT�6RIWZDUH�UHVHWUHTXHVW�E\�SURJUDPPLQJ�&58B62)7567B&21 
z JOEBVUVWQB��)LUVW�JOREDO�VRIWZDUHUHVHW�E\�SURJUDPPLQJ�&58B*/%B6567B)67�DV�

�[IGE� 
z JOEBVUVWQB��6HFRQG�JOREDO�VRIWZDUH�UHVHW�E\�SURJUDPPLQJ�&58B*/%B6567B61'DV�

�[HFD� 
2.3.3 )UDFWLRQDO�3//�,QWURGXFWLRQ 
7KH�IUDFWLRQDO�3//V�LQVLGH�5.�����RXWSXW�FORFN¶V�IUHTXHQF\�XS�WR����*+]��7KH�3//�LV�D�
JHQHUDO�SXUSRVH��KLJK�SHUIRUPDQFH�3//�EDVHG�FORFN�JHQHUDWRU��7KH�3//�LV�D�PXOWL�IXQFWLRQ��
JHQHUDO�SXUSRVH�IUHTXHQF\�V\QWKHVL]HU��8OWUD�ZLGH�LQSXW�DQG�RXWSXW�UDQJHV�DORQJ�ZLWK�EHVW�
LQ�FODVV�MLWWHU�SHUIRUPDQFH�DOORZ�WKH�3//�WR�EH�XVHG�IRU�DOPRVW�DQ\�FORFNLQJ�DSSOLFDWLRQ��:LWK�
H[FHOOHQW�VXSSO\�QRLVH�LPPXQLW\��WKH�3//�LV�LGHDO�IRU�XVH�LQ�QRLV\�PL[HG�VLJQDO�6R&�
HQYLURQPHQWV� 
7KH�3//�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
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z ,QSXWIUHTXHQF\UDQJH��0+]WR�����0+]�IRU�LQWHJHU�PRGHDQG��0+]WR�����0+]�IRU�
IUDFWLRQDO�PRGH 

z 3)'�PLQLPXP�UHIHUHQFH�IUHTXHQF\�UDQJH���0+]�IRU�LQWHJHU�PRGHDQG��0+]�IRU�
IUDFWLRQDO�PRGH 

z 2XWSXW�IUHTXHQF\�UDQJH����0+]WR���*+] 
z 9&2�RXWSXW�IUHTXHQF\�UDQJH����0+]WR���*+] 
z ��ELWIUDFWLRQDODFFXUDF\�DQGIUDFWLRQDOPRGHMLWWHUSHUIRUPDQFHWRQHDUO\PDWFKLQWHJHUPRGHSH

UIRUPDQFH� 
z ���9&2IUHTXHQF\UDQJHDOORZV3//WREHRSWLPL]HGIRUPLQLPXPMLWWHURUPLQLPXPSRZHU 
z ,VRODWHGDQDORJVXSSO\����9�DOORZVIRUH[FHOOHQWVXSSO\UHMHFWLRQLQQRLV\6R&DSSOLFDWLRQV 
z /RFN�GHWHFW�VLJQDOLQGLFDWHVZKHQIUHTXHQF\ORFNKDVEHHQDFKLHYHG 
3//�EORFN�GLDJUDP�LV�VKRZQ�EHORZ� 

 
Fig.2-3PLLBlockDiagram 

2.3.4 ,QWHJHU�3//�,QWURGXFWLRQ 
7KH�LQWHJHU�3//V�LQVLGH�5.�����RXWSXW�FORFN¶V�IUHTXHQF\�XS�WR����*+]��7KH�3//�LV�D�PXOWL�
IXQFWLRQ��JHQHUDO�SXUSRVH�IUHTXHQF\�V\QWKHVL]HU�RSWLPL]HG�IRU�ORZ�SRZHU�GLJLWDO�FORFNLQJ��
:LGH�LQSXW�DQG�RXWSXW�UDQJHV�DORQJ�ZLWK�EHVW�LQ�FODVV�MLWWHU�SHUIRUPDQFH�DOORZ�WKH�3//�WR�EH�
XVHG�IRU�D�YDULHW\�RI�GLIIHUHQW�DSSOLFDWLRQ��:LWK�H[FHOOHQW�VXSSO\�QRLVH�LPPXQLW\��WKH�3//�LV�
LGHDO�IRU�XVH�LQ�QRLV\�6R&�HQYLURQPHQWV� 
7KH�3//�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z ,QSXWIUHTXHQF\UDQJH���0+]WR���0+] 
z 3)'�PLQLPXP�UHIHUHQFH�IUHTXHQF\�UDQJH����0+] 
z 2XWSXW�IUHTXHQF\�UDQJH��0+]WR���*+] 
z 9&2�RXWSXW�IUHTXHQF\�UDQJH����0+]WR���*+] 
z ���9&2IUHTXHQF\UDQJHDOORZV3//WREHRSWLPL]HGIRUPLQLPXPMLWWHURUPLQLPXPSRZHU 
z /RZ�SHULRG�MLWWHU�SURYLGHV�PD[LPXP�WLPLQJ�PDUJLQ�LQ�KLJK�IUHTXHQF\�GHVLJQV 
z /RFN�GHWHFW�VLJQDOLQGLFDWHVZKHQIUHTXHQF\ORFNKDVEHHQDFKLHYHG 
3//�EORFN�GLDJUDP�LV�VKRZQ�EHORZ� 
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Fig.2-4PLLBlockDiagram 

 

2.4 CRU Register Description  
2.4.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size Reset 
Value Description 

CRU_APLL_CON0 0x0000 W 0x0000107D APLL configuration register0 
CRU_APLL_CON1 0x0004 W 0x00001043 APLL configuration register1 
CRU_APLL_CON2 0x0008 W 0x00000000 APLL configuration register2 
CRU_APLL_CON3 0x000C W 0x00000007 APLL configuration register3 
CRU_APLL_CON4 0x0010 W 0x00007F00 APLL configuration register4 
CRU_DPLL_CON0 0x0020 W 0x000020C8 DPLL configuration register0 
CRU_DPLL_CON1 0x0024 W 0x00001083 DPLL configuration register1 
CRU_DPLL_CON2 0x0028 W 0x00000000 DPLL configuration register2 
CRU_DPLL_CON3 0x002C W 0x00000007 DPLL configuration register3 
CRU_DPLL_CON4 0x0030 W 0x00007F00 DPLL configuration register4 
CRU_GPLL_CON0 0x0040 W 0x00001032 GPLL configuration register0 
CRU_GPLL_CON1 0x0044 W 0x00001041 GPLL configuration register1 
CRU_GPLL_CON2 0x0048 W 0x00000000 GPLL configuration register2 
CRU_GPLL_CON3 0x004C W 0x00000007 GPLL configuration register3 
CRU_GPLL_CON4 0x0050 W 0x00007F00 GPLL configuration register4 
CRU_CPLL_CON0 0x0060 W 0x0000107D CPLL configuration register0 
CRU_CPLL_CON1 0x0064 W 0x00001043 CPLL configuration register1 
CRU_CPLL_CON2 0x0068 W 0x00000000 CPLL configuration register2 
CRU_CPLL_CON3 0x006C W 0x00000007 CPLL configuration register3 
CRU_CPLL_CON4 0x0070 W 0x00007F00 CPLL configuration register4 
CRU_NPLL_CON0 0x0080 W 0x00001032 NPLL configuration register0 
CRU_NPLL_CON1 0x0084 W 0x00001041 NPLL configuration register1 
CRU_VPLL_CON0 0x00A0 W 0x0000307D VPLL configuration register0 
CRU_VPLL_CON1 0x00A4 W 0x00001042 VPLL configuration register1 
CRU_MODE_CON00 0x00C0 W 0x00000000 Mode register 
CRU_MISC_CON0 0x00C4 W 0x00000000 Misc register 0 
CRU_MISC_CON1 0x00C8 W 0x00000000 Misc register 1 
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Name Offset Size Reset 
Value Description 

CRU_MISC_CON2 0x00CC W 0x00000000 Misc register 2 
CRU_GLB_CNT_TH 0x00D0 W 0x00640064 GLB_CNT_TH 
CRU_GLB_SRST_FST 0x00D4 W 0x00000000 GLB_SRST_FST 
CRU_GLB_SRST_SND 0x00D8 W 0x00000000 GLB_SRST_SND 
CRU_GLB_RST_CON 0x00DC W 0x00000000 GLB_RST_CON 
CRU_GLB_RST_ST 0x00E0 W 0x00000000 GLB_RST_ST 

CRU_CLKSEL_CON00 0x0100 W 0x00000000 Internal clock select and division 
register 0 

CRU_CLKSEL_CON01 0x0104 W 0x00000000 Internal clock select and division 
register 1 

CRU_CLKSEL_CON02 0x0108 W 0x00000000 Internal clock select and division 
register 2 

CRU_CLKSEL_CON03 0x010C W 0x00000303 Internal clock select and division 
register 3 

CRU_CLKSEL_CON04 0x0110 W 0x00000303 Internal clock select and division 
register 4 

CRU_CLKSEL_CON05 0x0114 W 0x00000111 Internal clock select and division 
register 5 

CRU_CLKSEL_CON06 0x0118 W 0x00004081 Internal clock select and division 
register 6 

CRU_CLKSEL_CON07 0x011C W 0x00000011 Internal clock select and division 
register 7 

CRU_CLKSEL_CON08 0x0120 W 0x00000053 Internal clock select and division 
register 8 

CRU_CLKSEL_CON09 0x0124 W 0x00000000 Internal clock select and division 
register 9 

CRU_CLKSEL_CON10 0x0128 W 0x00000001 Internal clock select and division 
register 10 

CRU_CLKSEL_CON11 0x012C W 0x00008113 Internal clock select and division 
register 11 

CRU_CLKSEL_CON12 0x0130 W 0x00000000 Internal clock select and division 
register 12 

CRU_CLKSEL_CON13 0x0134 W 0x00008113 Internal clock select and division 
register 13 

CRU_CLKSEL_CON14 0x0138 W 0x00000000 Internal clock select and division 
register 14 

CRU_CLKSEL_CON15 0x013C W 0x00008113 Internal clock select and division 
register 15 

CRU_CLKSEL_CON16 0x0140 W 0x00000000 Internal clock select and division 
register 16 

CRU_CLKSEL_CON17 0x0144 W 0x00008113 Internal clock select and division 
register 17 

CRU_CLKSEL_CON18 0x0148 W 0x00000000 Internal clock select and division 
register 18 

CRU_CLKSEL_CON19 0x014C W 0x00008113 Internal clock select and division 
register 19 

CRU_CLKSEL_CON20 0x0150 W 0x00000000 Internal clock select and division 
register 20 

CRU_CLKSEL_CON21 0x0154 W 0x00008113 Internal clock select and division 
register 21 

CRU_CLKSEL_CON22 0x0158 W 0x00000000 Internal clock select and division 
register 22 
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Name Offset Size Reset 
Value Description 

CRU_CLKSEL_CON23 0x015C W 0x00000013 Internal clock select and division 
register 23 

CRU_CLKSEL_CON24 0x0160 W 0x00000000 Internal clock select and division 
register 24 

CRU_CLKSEL_CON25 0x0164 W 0x0000000B Internal clock select and division 
register 25 

CRU_CLKSEL_CON26 0x0168 W 0x00000000 Internal clock select and division 
register 26 

CRU_CLKSEL_CON27 0x016C W 0x00000000 Internal clock select and division 
register 27 

CRU_CLKSEL_CON28 0x0170 W 0x00000000 Internal clock select and division 
register 28 

CRU_CLKSEL_CON29 0x0174 W 0x00000030 Internal clock select and division 
register 29 

CRU_CLKSEL_CON30 0x0178 W 0x00000020 Internal clock select and division 
register 30 

CRU_CLKSEL_CON31 0x017C W 0x00000000 Internal clock select and division 
register 31 

CRU_CLKSEL_CON32 0x0180 W 0x00000020 Internal clock select and division 
register 32 

CRU_CLKSEL_CON33 0x0184 W 0x00000000 Internal clock select and division 
register 33 

CRU_CLKSEL_CON34 0x0188 W 0x00000310 Internal clock select and division 
register 34 

CRU_CLKSEL_CON35 0x018C W 0x0000C001 Internal clock select and division 
register 35 

CRU_CLKSEL_CON36 0x0190 W 0x0000C0C0 Internal clock select and division 
register 36 

CRU_CLKSEL_CON37 0x0194 W 0x00003100 Internal clock select and division 
register 37 

CRU_CLKSEL_CON38 0x0198 W 0x00000001 Internal clock select and division 
register 38 

CRU_CLKSEL_CON39 0x019C W 0x00000000 Internal clock select and division 
register 39 

CRU_CLKSEL_CON40 0x01A0 W 0x00000001 Internal clock select and division 
register 40 

CRU_CLKSEL_CON41 0x01A4 W 0x00000003 Internal clock select and division 
register 41 

CRU_CLKSEL_CON42 0x01A8 W 0x00000103 Internal clock select and division 
register 42 

CRU_CLKSEL_CON43 0x01AC W 0x00002100 Internal clock select and division 
register 43 

CRU_CLKSEL_CON44 0x01B0 W 0x00000203 Internal clock select and division 
register 44 

CRU_CLKSEL_CON45 0x01B4 W 0x00000003 Internal clock select and division 
register 45 

CRU_CLKSEL_CON47 0x01BC W 0x00000102 Internal clock select and division 
register 47 

CRU_CLKSEL_CON48 0x01C0 W 0x00000003 Internal clock select and division 
register 48 

CRU_CLKSEL_CON49 0x01C4 W 0x00000301 Internal clock select and division 
register 49 
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Name Offset Size Reset 
Value Description 

CRU_CLKSEL_CON50 0x01C8 W 0x00000000 Internal clock select and division 
register 50 

CRU_CLKSEL_CON51 0x01CC W 0x00001300 Internal clock select and division 
register 51 

CRU_CLKSEL_CON52 0x01D0 W 0x0000200B Internal clock select and division 
register 52 

CRU_CLKSEL_CON53 0x01D4 W 0x00000000 Internal clock select and division 
register 53 

CRU_CLKSEL_CON54 0x01D8 W 0x0000200B Internal clock select and division 
register 54 

CRU_CLKSEL_CON55 0x01DC W 0x00000000 Internal clock select and division 
register 55 

CRU_CLKSEL_CON56 0x01E0 W 0x0000200B Internal clock select and division 
register 56 

CRU_CLKSEL_CON57 0x01E4 W 0x00000000 Internal clock select and division 
register 57 

CRU_CLKSEL_CON58 0x01E8 W 0x0000200B Internal clock select and division 
register 58 

CRU_CLKSEL_CON59 0x01EC W 0x00000000 Internal clock select and division 
register 59 

CRU_CLKSEL_CON60 0x01F0 W 0x0000200B Internal clock select and division 
register 60 

CRU_CLKSEL_CON61 0x01F4 W 0x00000000 Internal clock select and division 
register 61 

CRU_CLKSEL_CON62 0x01F8 W 0x0000200B Internal clock select and division 
register 62 

CRU_CLKSEL_CON63 0x01FC W 0x00000000 Internal clock select and division 
register 63 

CRU_CLKSEL_CON64 0x0200 W 0x0000200B Internal clock select and division 
register 64 

CRU_CLKSEL_CON65 0x0204 W 0x00000000 Internal clock select and division 
register 65 

CRU_CLKSEL_CON66 0x0208 W 0x0000200B Internal clock select and division 
register 66 

CRU_CLKSEL_CON67 0x020C W 0x00000000 Internal clock select and division 
register 67 

CRU_CLKSEL_CON68 0x0210 W 0x0000200B Internal clock select and division 
register 68 

CRU_CLKSEL_CON69 0x0214 W 0x00000000 Internal clock select and division 
register 69 

CRU_CLKSEL_CON70 0x0218 W 0x00000303 Internal clock select and division 
register 70 

CRU_CLKSEL_CON71 0x021C W 0x00000203 Internal clock select and division 
register 71 

CRU_CLKSEL_CON72 0x0220 W 0x00001500 Internal clock select and division 
register 72 

CRU_CLKSEL_CON73 0x0224 W 0x00000000 Internal clock select and division 
register 73 

CRU_CLKSEL_CON74 0x0228 W 0x0000001F Internal clock select and division 
register 74 

CRU_CLKSEL_CON75 0x022C W 0x00000302 Internal clock select and division 
register 75 
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Name Offset Size Reset 
Value Description 

CRU_CLKSEL_CON76 0x0230 W 0x00000705 Internal clock select and division 
register 76 

CRU_CLKSEL_CON77 0x0234 W 0x00000F0B Internal clock select and division 
register 77 

CRU_CLKSEL_CON78 0x0238 W 0x0000013B Internal clock select and division 
register 78 

CRU_CLKSEL_CON79 0x023C W 0x00000302 Internal clock select and division 
register 79 

CRU_CLKSEL_CON80 0x0240 W 0x00000F07 Internal clock select and division 
register 80 

CRU_CLKSEL_CON81 0x0244 W 0x00002713 Internal clock select and division 
register 81 

CRU_CLKSEL_CON82 0x0248 W 0x00001F09 Internal clock select and division 
register 82 

CRU_CLKSEL_CON83 0x024C W 0x00008113 Internal clock select and division 
register 83 

CRU_CLKSEL_CON84 0x0250 W 0x00000000 Internal clock select and division 
register 84 

CRU_GATE_CON00 0x0300 W 0x00000000 Internal clock gate and division 
register 0 

CRU_GATE_CON01 0x0304 W 0x00000000 Internal clock gate and division 
register 1 

CRU_GATE_CON02 0x0308 W 0x00000000 Internal clock gate and division 
register 2 

CRU_GATE_CON03 0x030C W 0x00000000 Internal clock gate and division 
register 3 

CRU_GATE_CON04 0x0310 W 0x00000000 Internal clock gate and division 
register 4 

CRU_GATE_CON05 0x0314 W 0x00000000 Internal clock gate and division 
register 5 

CRU_GATE_CON06 0x0318 W 0x00000000 Internal clock gate and division 
register 6 

CRU_GATE_CON07 0x031C W 0x00000000 Internal clock gate and division 
register 7 

CRU_GATE_CON08 0x0320 W 0x00000000 Internal clock gate and division 
register 8 

CRU_GATE_CON09 0x0324 W 0x00000000 Internal clock gate and division 
register 9 

CRU_GATE_CON10 0x0328 W 0x00000000 Internal clock gate and division 
register 10 

CRU_GATE_CON11 0x032C W 0x00000000 Internal clock gate and division 
register 11 

CRU_GATE_CON12 0x0330 W 0x00000000 Internal clock gate and division 
register 12 

CRU_GATE_CON13 0x0334 W 0x00000000 Internal clock gate and division 
register 13 

CRU_GATE_CON14 0x0338 W 0x00000000 Internal clock gate and division 
register 14 

CRU_GATE_CON15 0x033C W 0x00000000 Internal clock gate and division 
register 15 

CRU_GATE_CON16 0x0340 W 0x00000000 Internal clock gate and division 
register 16 
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Name Offset Size Reset 
Value Description 

CRU_GATE_CON17 0x0344 W 0x00000000 Internal clock gate and division 
register 17 

CRU_GATE_CON18 0x0348 W 0x00000000 Internal clock gate and division 
register 18 

CRU_GATE_CON19 0x034C W 0x00000000 Internal clock gate and division 
register 19 

CRU_GATE_CON20 0x0350 W 0x00000000 Internal clock gate and division 
register 20 

CRU_GATE_CON21 0x0354 W 0x00000000 Internal clock gate and division 
register 21 

CRU_GATE_CON22 0x0358 W 0x00000000 Internal clock gate and division 
register 22 

CRU_GATE_CON23 0x035C W 0x00000000 Internal clock gate and division 
register 23 

CRU_GATE_CON24 0x0360 W 0x00000000 Internal clock gate and division 
register 24 

CRU_GATE_CON25 0x0364 W 0x00000000 Internal clock gate and division 
register 25 

CRU_GATE_CON26 0x0368 W 0x00000000 Internal clock gate and division 
register 26 

CRU_GATE_CON27 0x036C W 0x00000000 Internal clock gate and division 
register 27 

CRU_GATE_CON28 0x0370 W 0x00000000 Internal clock gate and division 
register 28 

CRU_GATE_CON29 0x0374 W 0x00000000 Internal clock gate and division 
register 29 

CRU_GATE_CON30 0x0378 W 0x00000000 Internal clock gate and division 
register 30 

CRU_GATE_CON31 0x037C W 0x00000000 Internal clock gate and division 
register 31 

CRU_GATE_CON32 0x0380 W 0x00000000 Internal clock gate and division 
register 32 

CRU_GATE_CON33 0x0384 W 0x00000000 Internal clock gate and division 
register 33 

CRU_GATE_CON34 0x0388 W 0x00000000 Internal clock gate and division 
register 34 

CRU_GATE_CON35 0x038C W 0x00000000 Internal clock gate and division 
register 35 

CRU_SOFTRST_CON00 0x0400 W 0x00000000 Internal clock reset register 0 
CRU_SOFTRST_CON01 0x0404 W 0x00000000 Internal clock reset register 1 
CRU_SOFTRST_CON02 0x0408 W 0x00000000 Internal clock reset register 2 
CRU_SOFTRST_CON03 0x040C W 0x00000000 Internal clock reset register 3 
CRU_SOFTRST_CON04 0x0410 W 0x00000000 Internal clock reset register 4 
CRU_SOFTRST_CON05 0x0414 W 0x00000000 Internal clock reset register 5 
CRU_SOFTRST_CON06 0x0418 W 0x00000000 Internal clock reset register 6 
CRU_SOFTRST_CON07 0x041C W 0x00000000 Internal clock reset register 7 
CRU_SOFTRST_CON08 0x0420 W 0x00000000 Internal clock reset register 8 
CRU_SOFTRST_CON09 0x0424 W 0x00000000 Internal clock reset register 9 
CRU_SOFTRST_CON10 0x0428 W 0x00000000 Internal clock reset register 10 
CRU_SOFTRST_CON11 0x042C W 0x00000000 Internal clock reset register 11 
CRU_SOFTRST_CON12 0x0430 W 0x00000000 Internal clock reset register 12 
CRU_SOFTRST_CON13 0x0434 W 0x00000000 Internal clock reset register 13 
CRU_SOFTRST_CON14 0x0438 W 0x00000000 Internal clock reset register 14 
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Name Offset Size Reset 
Value Description 

CRU_SOFTRST_CON15 0x043C W 0x00000000 Internal clock reset register 15 
CRU_SOFTRST_CON16 0x0440 W 0x00000000 Internal clock reset register 16 
CRU_SOFTRST_CON17 0x0444 W 0x00000000 Internal clock reset register 17 
CRU_SOFTRST_CON18 0x0448 W 0x00000000 Internal clock reset register 18 
CRU_SOFTRST_CON19 0x044C W 0x00000000 Internal clock reset register 19 
CRU_SOFTRST_CON20 0x0450 W 0x00000000 Internal clock reset register 20 
CRU_SOFTRST_CON21 0x0454 W 0x00000000 Internal clock reset register 21 
CRU_SOFTRST_CON22 0x0458 W 0x00000000 Internal clock reset register 22 
CRU_SOFTRST_CON23 0x045C W 0x00000000 Internal clock reset register 23 
CRU_SOFTRST_CON24 0x0460 W 0x00000000 Internal clock reset register 24 
CRU_SOFTRST_CON25 0x0464 W 0x00000000 Internal clock reset register 25 
CRU_SOFTRST_CON26 0x0468 W 0x00000400 Internal clock reset register 26 
CRU_SOFTRST_CON27 0x046C W 0x00000000 Internal clock reset register 27 
CRU_SOFTRST_CON28 0x0470 W 0x00000000 Internal clock reset register 28 
CRU_SOFTRST_CON29 0x0474 W 0x00000000 Internal clock reset register 29 
CRU_SSGTBL0_3 0x0480 W 0x00000000 External wave table register0 
CRU_SSGTBL4_7 0x0484 W 0x00000000 External wave table register1 
CRU_SSGTBL8_11 0x0488 W 0x00000000 External wave table register2 
CRU_SSGTBL12_15 0x048C W 0x00000000 External wave table register3 
CRU_SSGTBL16_19 0x0490 W 0x00000000 External wave table register4 
CRU_SSGTBL20_23 0x0494 W 0x00000000 External wave table register5 
CRU_SSGTBL24_27 0x0498 W 0x00000000 External wave table register6 
CRU_SSGTBL28_31 0x049C W 0x00000000 External wave table register7 
CRU_SSGTBL32_35 0x04A0 W 0x00000000 External wave table register8 
CRU_SSGTBL36_39 0x04A4 W 0x00000000 External wave table register9 
CRU_SSGTBL40_43 0x04A8 W 0x00000000 External wave table register10 
CRU_SSGTBL44_47 0x04AC W 0x00000000 External wave table register11 
CRU_SSGTBL48_51 0x04B0 W 0x00000000 External wave table register12 
CRU_SSGTBL52_55 0x04B4 W 0x00000000 External wave table register13 
CRU_SSGTBL56_59 0x04B8 W 0x00000000 External wave table register14 
CRU_SSGTBL60_63 0x04BC W 0x00000000 External wave table register15 
CRU_SSGTBL64_67 0x04C0 W 0x00000000 External wave table register16 
CRU_SSGTBL68_71 0x04C4 W 0x00000000 External wave table register17 
CRU_SSGTBL72_75 0x04C8 W 0x00000000 External wave table register18 
CRU_SSGTBL76_79 0x04CC W 0x00000000 External wave table register19 
CRU_SSGTBL80_83 0x04D0 W 0x00000000 External wave table register20 
CRU_SSGTBL84_87 0x04D4 W 0x00000000 External wave table register21 
CRU_SSGTBL88_91 0x04D8 W 0x00000000 External wave table register22 
CRU_SSGTBL92_95 0x04DC W 0x00000000 External wave table register23 
CRU_SSGTBL96_99 0x04E0 W 0x00000000 External wave table register24 
CRU_SSGTBL100_103 0x04E4 W 0x00000000 External wave table register25 
CRU_SSGTBL104_107 0x04E8 W 0x00000000 External wave table register26 
CRU_SSGTBL108_111 0x04EC W 0x00000000 External wave table register27 
CRU_SSGTBL112_115 0x04F0 W 0x00000000 External wave table register28 
CRU_SSGTBL116_119 0x04F4 W 0x00000000 External wave table register29 
CRU_SSGTBL120_123 0x04F8 W 0x00000000 External wave table register30 
CRU_SSGTBL124_127 0x04FC W 0x00000000 External wave table register31 
CRU_AUTOCS_CORE_CON
0 0x0500 W 0x00040020 Pdcore auto clock swith control 0 

CRU_AUTOCS_CORE_CON
1 0x0504 W 0x00000000 Pdcore auto clock swith control 1 

CRU_AUTOCS_GPU_CON0 0x0508 W 0x00040020 Pdgpu auto clock swith control 0 
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Name Offset Size Reset 
Value Description 

CRU_AUTOCS_GPU_CON1 0x050C W 0x00000000 Pdgpu auto clock swith control 1 
CRU_AUTOCS_BUS_CON0 0x0510 W 0x00040020 Pdbus auto clock swith control 0 
CRU_AUTOCS_BUS_CON1 0x0514 W 0x00000000 Pdbus auto clock swith control 1 
CRU_AUTOCS_TOP_CON0 0x0518 W 0x00040020 Top auto clock swith control 0 
CRU_AUTOCS_TOP_CON1 0x051C W 0x00000000 Top auto clock swith control 1 
CRU_AUTOCS_RKVDEC_C
ON0 0x0520 W 0x00040020 Rkvdec auto clock swith control 0 

CRU_AUTOCS_RKVDEC_C
ON1 0x0524 W 0x00000000 Rkvdec auto clock swith control 1 

CRU_AUTOCS_RKVENC_C
ON0 0x0528 W 0x00040020 Rkvenc auto clock swith control 0 

CRU_AUTOCS_RKVENC_C
ON1 0x052C W 0x00000000 Rkvenc auto clock swith control 1 

CRU_AUTOCS_VPU_CON0 0x0530 W 0x00040020 Vpu auto clock swith control 0 
CRU_AUTOCS_VPU_CON1 0x0534 W 0x00000000 Vpu auto clock swith control 1 
CRU_AUTOCS_PERI_CON
0 0x0538 W 0x00040020 Pdperi auto clock swith control 0 

CRU_AUTOCS_PERI_CON
1 0x053C W 0x00000000 Pdperi auto clock swith control 1 

CRU_AUTOCS_GPLL_CON
0 0x0540 W 0x00040020 Gpll auto clock swith control 0 

CRU_AUTOCS_GPLL_CON
1 0x0544 W 0x00000000 Gpll auto clock swith control 1 

CRU_AUTOCS_CPLL_CON
0 0x0548 W 0x00040020 Cpll auto clock swith control 0 

CRU_AUTOCS_CPLL_CON
1 0x054C W 0x00000000 Cpll auto clock swith control 1 

CRU_SDMMC0_CON0 0x0580 W 0x00000004 SDMMC control0 
CRU_SDMMC0_CON1 0x0584 W 0x00000000 SDMMC control1 
CRU_SDMMC1_CON0 0x0588 W 0x00000004 SDMMC control0 
CRU_SDMMC1_CON1 0x058C W 0x00000000 SDMMC control1 
CRU_SDMMC2_CON0 0x0590 W 0x00000004 SDMMC2 control0 
CRU_SDMMC2_CON1 0x0594 W 0x00000000 SDMMC2 control1 
CRU_EMMC_CON0 0x0598 W 0x00000004 EMMC control0 
CRU_EMMC_CON1 0x059C W 0x00000000 EMMC control1 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access  
2.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ 
CRU_APLL_CON0 
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x1 postdiv1 
First Post Divide Value, (1-7) 
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Bit Attr Reset Value Description 

11:0 RW 0x07d 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_APLL_CON1 
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 
8:6 RW 0x1 postdiv2 

Second Post Divide Value, (1-7) 
5:0 RW 0x03 refdiv 

Reference Clock Divide Value, (1-63) 
 
CRU_APLL_CON2 
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 
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Bit Attr Reset Value Description 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
CRU_APLL_CON3 
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
CRU_APLL_CON4 
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f 
ssmod_ext_maxaddr 
External wave table data inputs 
(0-255) 

7:1 RO 0x00 reserved 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  32 

Bit Attr Reset Value Description 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
CRU_DPLL_CON0 
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass.  FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x2 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x0c8 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_DPLL_CON1 
Address: Operational Base + offset (0x0024) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable, 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 
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Bit Attr Reset Value Description 

8:6 RW 0x2 
postdiv2 
Second Post Divide Value 
(1-7) 

5:0 RW 0x03 
refdiv 
Reference Clock Divide Value 
(1-63) 

 
CRU_DPLL_CON2 
Address: Operational Base + offset (0x0028) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
CRU_DPLL_CON3 
Address: Operational Base + offset (0x002C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 
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Bit Attr Reset Value Description 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
CRU_DPLL_CON4 
Address: Operational Base + offset (0x0030) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f ssmod_ext_maxaddr 
External wave table data inputs, (0-255) 

7:1 RO 0x00 reserved 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
CRU_GPLL_CON0 
Address: Operational Base + offset (0x0040) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass.  FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x1 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x032 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_GPLL_CON1 
Address: Operational Base + offset (0x0044) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 
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Bit Attr Reset Value Description 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 

8:6 RW 0x1 
postdiv2 
Second Post Divide Value 
(1-7) 

5:0 RW 0x01 
refdiv 
Reference Clock Divide Value 
(1-63) 

 
CRU_GPLL_CON2 
Address: Operational Base + offset (0x0048) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
CRU_GPLL_CON3 
Address: Operational Base + offset (0x004C) 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  36 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
CRU_GPLL_CON4 
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f 
ssmod_ext_maxaddr 
External wave table data inputs 
(0-255) 

7:1 RO 0x00 reserved 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
CRU_CPLL_CON0 
Address: Operational Base + offset (0x0060) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 
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Bit Attr Reset Value Description 
14:12 RW 0x1 postdiv1 

First Post Divide Value, (1-7) 

11:0 RW 0x07d 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_CPLL_CON1 
Address: Operational Base + offset (0x0064) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 
8:6 RW 0x1 postdiv2 

Second Post Divide Value, (1-7) 
5:0 RW 0x03 refdiv 

Reference Clock Divide Value, (1-63) 
 
CRU_CPLL_CON2 
Address: Operational Base + offset (0x0068) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 
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Bit Attr Reset Value Description 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
CRU_CPLL_CON3 
Address: Operational Base + offset (0x006C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
CRU_CPLL_CON4 
Address: Operational Base + offset (0x0070) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f 
ssmod_ext_maxaddr 
External wave table data inputs 
(0-255) 

7:1 RO 0x00 reserved 
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Bit Attr Reset Value Description 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
CRU_NPLL_CON0 
Address: Operational Base + offset (0x0080) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x1 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x032 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_NPLL_CON1 
Address: Operational Base + offset (0x0084) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 
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Bit Attr Reset Value Description 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

8:6 RW 0x1 postdiv2 
Second Post Divide Value, (1-7) 

5:0 RW 0x01 refdiv 
Reference Clock Divide Value, (1-63) 

 
CRU_VPLL_CON0 
Address: Operational Base + offset (0x00A0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x3 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x07d 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
CRU_VPLL_CON1 
Address: Operational Base + offset (0x00A4) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 
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Bit Attr Reset Value Description 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

8:6 RW 0x1 postdiv2 
Second Post Divide Value, (1-7) 

5:0 RW 0x02 refdiv 
Reference Clock Divide Value, (1-63) 

 
CRU_MODE_CON00 
Address: Operational Base + offset (0x00C0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

usbphy480m_pll_mode 
usbphy480m_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: usbphy480m 
2'b10: clk_rtc_32k 

13:12 RW 0x0 

clk_vpll_mode 
clk_vpll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_vpll 
2'b10: clk_rtc_32k 

11:10 RW 0x0 

clk_npll_mode 
clk_npll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_npll 
2'b10: clk_rtc_32k 

9:8 RO 0x0 reserved 

7:6 RW 0x0 

clk_gpll_mode 
clk_gpll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_gpll 
2'b10: clk_rtc_32k 

5:4 RW 0x0 

clk_cpll_mode 
clk_cpll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_cpll 
2'b10: clk_rtc_32k 
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Bit Attr Reset Value Description 

3:2 RW 0x0 

clk_dpll_mode 
clk_dpll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_dpll 
2'b10: clk_rtc_32k 

1:0 RW 0x0 

clk_apll_mode 
clk_apll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_apll 
2'b10: clk_rtc_32k 

 
CRU_MISC_CON0 
Address: Operational Base + offset (0x00C4) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
gpu_clk_gate_ema_ena 
When enable, gate gpu clock when change pd_gpu ema value 
1'b1: enable 
1'b0: disable 

14 RW 0x0 
cpu_clk_gate_ema_ena 
When enable, gate cpu clock when change pd_core ema value 
1'b1: enable 
1'b0: disable 

13 RW 0x0 
hwffc_clk_switch2cru_ena 
DDR hwffc clock switch enable 
1'b1: enable 
1'b0: disable 

12 RW 0x0 
dbgrst_en 
core dbgrst request enable 
1'b1: enable 
1'b0: disable 

11 RW 0x0 

qchannel_gating_enable 
When enable, clock will be gated when q-channel handshake 
completed 
1'b1: enable clock gating 
1'b0: only q-channel handshake occurs, clock will not be gated 

10 RW 0x0 
qchannel_ena_clk_gic600 
clk_gic600 q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

9 RW 0x0 
qchannel_ena_clk_pdgic_gic2core 
clk_pdgic_gic2core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

8 RW 0x0 
qchannel_ena_clk_pdgic_core2gic 
clk_pdgic_core2gic q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

7 RW 0x0 
qchannel_ena_clk_pdcore_gic2core 
clk_pdcore_gic2core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 
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Bit Attr Reset Value Description 

6 RW 0x0 
qchannel_ena_clk_pdcore_core2gic 
clk_pdcore_core2gic q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

5 RW 0x0 
qchannel_ena_clk_gpu 
clk_gpu q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

4 RW 0x0 
qchannel_ena_pdbgclk_core 
Pdbgclk_core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

3 RW 0x0 
qchannel_ena_gicclk_core 
Gicclk_core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

2 RW 0x0 
qchannel_ena_atclk_core 
Atclk_core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

1 RW 0x0 
qchannel_ena_pclk_core 
Pclk_core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

0 RW 0x0 
qchannel_ena_sclk_core 
Sclk_core q-channel handshake enable 
1'b1: enable clock q-channel 
1'b0: disable clock q-channel 

 
CRU_MISC_CON1 
Address: Operational Base + offset (0x00C8) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
pd_bus_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

14 RW 0x0 
pd_rkvdec_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

13 RW 0x0 
pd_rkvenc_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

12 RW 0x0 
pd_vpu_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 
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Bit Attr Reset Value Description 

11 RW 0x0 
pd_rga_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

10 RW 0x0 
pd_vo_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

9 RW 0x0 
pd_vi_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

8 RW 0x0 
pd_usb_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

7:6 RO 0x0 reserved 

5 RW 0x0 
pd_pipe_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

4 RW 0x0 
pd_peri_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

3 RW 0x0 
pd_ddr_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

2 RW 0x0 
pd_npu_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

1 RW 0x0 
pd_gpu_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

0 RW 0x0 
pd_core_dwn_clk_en_mask 
Clock on when power domain is power off 
1'b1: clock on when power off 
1'b0: clock off when power off 

 
CRU_MISC_CON2 
Address: Operational Base + offset (0x00CC) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
usbphy480m_src_sel 
usbphy480m source select 
1'b1: usbphy1 
1'b0: usbphy0 

14:10 RO 0x00 reserved 
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Bit Attr Reset Value Description 

9 RW 0x0 
clk_rkvdec_hevc_ca_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

8 RW 0x0 
clk_rkvdec_ca_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

7 RW 0x0 
clk_rkvdec_core_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

6 RW 0x0 
aclk_rkvdec_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

5 RW 0x0 
clk_rkvenc_core_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

4 RW 0x0 
hclk_rkvenc_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

3 RW 0x0 
aclk_rkvenc_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

2 RW 0x0 
aclk_vpu_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

1 RW 0x0 
clk_iep_core_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

0 RW 0x0 
clk_rga_core_idle_enable 
clock will be gated when idle 
1'b1: enable 
1'b0: disable 

 
CRU_GLB_CNT_TH 
Address: Operational Base + offset (0x00D0) 

Bit Attr Reset Value Description 
31:16 RW 0x0064 Reserved 

 

15:0 RW 0x0064 
global_reset_counter_threshold 
Global soft reset, wdt reset or tsadc_shut reset asserted time 
counter threshold. Measured in OSC clock cycles 

 
CRU_GLB_SRST_FST 
Address: Operational Base + offset (0x00D4) 

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 
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Bit Attr Reset Value Description 
15:0 RW 0x0000 GLB_SRST_FST 

The first global software reset config value 
 
CRU_GLB_SRST_SND 
Address: Operational Base + offset (0x00D8) 

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 
15:0 RW 0x0000 GLB_SRST_SND 

The second global software reset config value 
 
CRU_GLB_RST_CON 
Address: Operational Base + offset (0x00DC) 

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15 RW 0x0 
pmusgrf_crc_chk_glb_srst_ctrl 
1'b0: Pmusgrf crc chk trigger second global reset  
1'b1: Pmusgrf crc chk trigger first global reset 
effective when glb_rst_con[11] enable 

14 RW 0x0 
sgrf_crc_chk_glb_srst_ctrl 
1'b0: Sgrf crc chk trigger second global reset  
1'b1: Sgrf crc chk trigger first global reset 
effective when glb_rst_con[10] enable 

13 RW 0x0 
osc_chk_glb_srst_ctrl 
1'b0: Osc chk trigger second global reset  
1'b1: Osc chk trigger first global reset 
effective when glb_rst_con[9] enable 

12 RW 0x0 
jdb_glb_srst_ctrl 
1'b0: Jdb trigger second global reset  
1'b1: Jdb trigger first global reset 
effective when glb_rst_con[8] enable 

11 RW 0x0 
pmusgrf_crc_chk_glb_srst_ctrl_enable 
1'b0: Pmusgrf crc chk dont trigger global reset  
1'b1: Pmusgrf crc chk trigger global reset 

10 RW 0x0 
sgrf_crc_chk_glb_srst_ctrl_enable 
1'b0: Sgrf crc chk dont trigger global reset  
1'b1: Sgrf crc chk trigger global reset 

9 RW 0x0 
osc_chk_glb_srst_ctrl_enable 
1'b0: Osc chk dont trigger global reset  
1'b1: Osc chk trigger global reset 

8 RW 0x0 
jdb_glb_srst_ctrl_enable 
1'b0: Jdb dont trigger global reset  
1'b1: Jdb trigger global reset 

7 RW 0x0 
wdt_reset_ext_en 
1: Enable wdt reset extend, reset extend time depend on bit15~0 
of GLB_CNT_TH 
0: Disable wdt reset extend 

6 RW 0x0 
tsadc_shut_reset_ext_en 
1: Enable tsadc_shut reset extend, reset extend time depend on 
bit15~0 of GLB_CNT_TH 
0: Disable tsadc_shut reset extend 

5 RO 0x0 reserved 

4 RW 0x0 
pmu_srst_wdt_en 
0: Enable Wdt reset as pmu reset source  
1: Disable Wdt reset as pmu reset source 
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Bit Attr Reset Value Description 

3 RW 0x0 
pmu_srst_glb_en 
1'b0: global reset trigger pmu reset 
1'b1: global reset dont trigger pmu reset 

2 RW 0x0 
pmu_srst_glb_ctrl 
0: Enable first global reset as pmu reset source  
1: Enable second global reset as pmu reset source 
effective when glb_rst_con[3] enable 

1 RW 0x0 
wdt_glb_srst_ctrl 
1'b0: Wdt trigger second global reset  
1'b1: Wdt trigger first global reset 

0 RW 0x0 
tsadc_glb_srst_ctrl 
1'b0:  tsadc trigger second global reset   
1'b1:  tsadc trigger first global reset 

 
CRU_GLB_RST_ST 
Address: Operational Base + offset (0x00E0) 

Bit Attr Reset Value Description 
31:10 RO 0x000000 reserved 

9 RW 0x0 

glb_pmusgrf_crc_rst_st 
global PMUSGRF CRC CHK triggered reset flag 
1'b0: Last hot reset is not global PMUSGRF CRC CHK triggered 
reset 
1'b1: Last hot reset is global PMUSGRF CRC CHK triggered reset 

8 RW 0x0 
glb_sgrf_crc_rst_st 
global SGRF CRC CHK triggered reset flag 
1'b0: Last hot reset is not global SGRF CRC CHK triggered reset 
1'b1: Last hot reset is global SGRF CRC CHK triggered reset 

7 RW 0x0 
glb_osc_chk_rst_st 
global OSC CHK triggered reset flag 
1'b0: Last hot reset is not global OSC CHK triggered reset 
1'b1: Last hot reset is global OSC CHK triggered reset 

6 RW 0x0 
glb_jdb_rst_st 
global JDB triggered reset flag 
1'b0: Last hot reset is not global JDB triggered reset 
1'b1: Last hot reset is global JDB triggered reset 

5 RW 0x0 
snd_glb_wdt_rst_st 
sencond global WDT triggered reset flag 
1'b0: Last hot reset is not sencond global WDT triggered reset 
1'b1: Last hot reset is sencond global WDT triggered reset 

4 RW 0x0 
fst_glb_wdt_rst_st 
first global WDT triggered reset flag 
1'b0: Last hot reset is not first global WDT triggered reset 
1'b1: Last hot reset is first global WDT triggered reset 

3 RW 0x0 
snd_glb_tsadc_rst_st 
sencond global TSADC triggered reset flag 
1'b0: Last hot reset is not sencond global TSADC triggered reset 
1'b1: Last hot reset is sencond global TSADC triggered reset 

2 RW 0x0 
fst_glb_tsadc_rst_st 
first global TSADC triggered reset flag 
1'b0: Last hot reset is not first global TSADC triggered reset 
1'b1: Last hot reset is first global TSADC triggered reset 

1 RW 0x0 
snd_glb_rst_st 
second global rst flag 
1'b0: Last hot reset is not sencond global reset 
1'b1: Last hot reset is sencond global reset 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  48 

Bit Attr Reset Value Description 

0 RW 0x0 
fst_glb_rst_st 
first global rst flag 
1'b0: Last hot reset is not first global reset 
1'b1: Last hot reset is first global reset 

 
CRU_CLKSEL_CON00 
Address: Operational Base + offset (0x0100) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_core_ndft_mux_sel 
clk_core_ndft_mux clock mux. 
1'b0: clk_core 
1'b1: core_pvtpll_out 

14:13 RO 0x0 reserved 
12:8 RW 0x00 clk_core1_div 

Divide clk_core1 by (div_con + 1) 

7 RW 0x0 
clk_core_ndft_sel 
clk_core_ndft clock mux. 
1'b0: clk_core_i 
1'b1: clk_apll_core 

6 RW 0x0 
clk_core_i_sel 
clk_core_i clock mux. 
1'b0: clk_apll_mux 
1'b1: clk_gpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x00 clk_core0_div 

Divide clk_core0 by (div_con + 1) 
 
CRU_CLKSEL_CON01 
Address: Operational Base + offset (0x0104) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x00 clk_core3_div 

Divide clk_core3 by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x00 clk_core2_div 

Divide clk_core2 by (div_con + 1) 
 
CRU_CLKSEL_CON02 
Address: Operational Base + offset (0x0108) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 

15 RW 0x0 
sclk_core_pre_sel 
sclk_core_pre clock mux. 
1'b0: sclk_core_src 
1'b1: clk_npll_core 

14:10 RO 0x00 reserved 

9:8 RW 0x0 

sclk_core_src_sel 
sclk_core_src clock mux. 
2'b00: clk_apll_mux 
2'b01: clk_gpll_mux 
2'b10: clk_npll_mux 

7:4 RO 0x0 reserved 
3:0 RW 0x0 sclk_core_src_div 

Divide sclk_core_src by (div_con + 1) 
 
CRU_CLKSEL_CON03 
Address: Operational Base + offset (0x010C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 gicclk_core_div 

Divide gicclk_core by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x03 atclk_core_div 

Divide atclk_core by (div_con + 1) 
 
CRU_CLKSEL_CON04 
Address: Operational Base + offset (0x0110) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 periphclk_core_pre_div 

Divide periphclk_core_pre by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x03 pclk_core_pre_div 

Divide pclk_core_pre by (div_con + 1) 
 
CRU_CLKSEL_CON05 
Address: Operational Base + offset (0x0114) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

aclk_core_biu2bus_sel 
aclk_core_biu2bus clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 
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Bit Attr Reset Value Description 
13 RO 0x0 reserved 
12:8 RW 0x01 aclk_core_ndft_div 

Divide aclk_core_ndft by (div_con + 1) 
7:0 RW 0x11 Reserved 

 
 
CRU_CLKSEL_CON06 
Address: Operational Base + offset (0x0118) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RW 0x4 pclk_gpu_pre_div 
Divide pclk_gpu_pre by (div_con + 1) 

11 RW 0x0 
clk_gpu_pre_mux_sel 
clk_gpu_pre_mux clock mux. 
1'b0: clk_gpu_pre 
1'b1: gpu_pvtpll_out 

10 RO 0x0 reserved 
9:8 RW 0x0 aclk_gpu_pre_div 

Divide aclk_gpu_pre by (div_con + 1) 

7:6 RW 0x2 

clk_gpu_pre_sel 
clk_gpu_pre clock mux. 
2'b00: clk_mpll_mux 
2'b01: clk_gpll_mux 
2'b10: clk_cpll_mux 
2'b11: clk_npll_mux 

5:4 RO 0x0 reserved 
3:0 RW 0x1 clk_gpu_pre_div 

Divide clk_gpu_pre by (div_con + 1) 
 
CRU_CLKSEL_CON07 
Address: Operational Base + offset (0x011C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_npu_pre_mux_sel 
clk_npu_pre_mux clock mux. 
1'b0: clk_npu_pre 
1'b1: npu_pvtpll_out 

14:9 RO 0x00 reserved 

8 RW 0x0 
clk_npu_pre_ndft_sel 
clk_npu_pre_ndft clock mux. 
1'b0: clk_npu_src 
1'b1: clk_npu_np5 

7 RW 0x0 
clk_npu_np5_sel 
clk_npu_np5 clock mux. 
1'b0: clk_npll_mux 
1'b1: clk_gpll_mux 
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Bit Attr Reset Value Description 

6 RW 0x0 
clk_npu_src_sel 
clk_npu_src clock mux. 
1'b0: clk_npll_mux 
1'b1: clk_gpll_mux 

5:4 RW 0x1 clk_npu_np5_div 
Divide clk_npu_np5 by (div_con + 1) 

3:0 RW 0x1 clk_npu_src_div 
Divide clk_npu_src by (div_con + 1) 

 
CRU_CLKSEL_CON08 
Address: Operational Base + offset (0x0120) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 
7:4 RW 0x5 pclk_npu_pre_div 

Divide pclk_npu_pre by (div_con + 1) 
3:0 RW 0x3 hclk_npu_pre_div 

Divide hclk_npu_pre by (div_con + 1) 
 
CRU_CLKSEL_CON09 
Address: Operational Base + offset (0x0124) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_ddrphy1x_sel 
clk_ddrphy1x clock mux. 
1'b0: clk_ddrphy1x_src 
1'b1: clk_dpll_ddr 

14:8 RO 0x00 reserved 

7:6 RW 0x0 

clk_ddrphy1x_src_sel 
clk_ddrphy1x_src clock mux. 
2'b00: clk_dpll_mux 
2'b01: clk_gpll_mux 
2'b10: clk_cpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x00 clk_ddrphy1x_src_div 

Divide clk_ddrphy1x_src by (div_con + 1) 
 
CRU_CLKSEL_CON10 
Address: Operational Base + offset (0x0128) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
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Bit Attr Reset Value Description 

13:12 RW 0x0 

dclk_sdmmc_buffer_sel 
dclk_sdmmc_buffer clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: clk_gpll_div_75m 
2'b10: clk_cpll_div_50m 

11:10 RW 0x0 

hclk_gic_audio_sel 
hclk_gic_audio clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

9:8 RW 0x0 

aclk_gic_audio_sel 
aclk_gic_audio clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

7:6 RW 0x0 

hclk_perimid_sel 
hclk_perimid clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

5:4 RW 0x0 

aclk_perimid_sel 
aclk_perimid clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

3:2 RO 0x0 reserved 
1:0 RW 0x1 clk_msch_div 

Divide clk_msch by (div_con + 1) 
 
CRU_CLKSEL_CON11 
Address: Operational Base + offset (0x012C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s0_mclkout_tx_sel 
i2s0_mclkout_tx clock mux. 
1'b0: mclk_i2s0_8ch_tx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s0_8ch_tx_sel 
mclk_i2s0_8ch_tx clock mux. 
2'b00: clk_i2s0_8ch_tx_src 
2'b01: clk_i2s0_8ch_tx_frac 
2'b10: i2s0_mclkin 
2'b11: xin_osc0_half 
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Bit Attr Reset Value Description 

9:8 RW 0x1 

clk_i2s0_8ch_tx_src_sel 
clk_i2s0_8ch_tx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s0_8ch_tx_src_div 

Divide clk_i2s0_8ch_tx_src by (div_con + 1) 
 
CRU_CLKSEL_CON12 
Address: Operational Base + offset (0x0130) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s0_8ch_tx_frac_div 
clk_i2s0_8ch_tx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON13 
Address: Operational Base + offset (0x0134) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s0_mclkout_rx_sel 
i2s0_mclkout_rx clock mux. 
1'b0: mclk_i2s0_8ch_rx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s0_8ch_rx_sel 
mclk_i2s0_8ch_rx clock mux. 
2'b00: clk_i2s0_8ch_rx_src 
2'b01: clk_i2s0_8ch_rx_frac 
2'b10: i2s0_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s0_8ch_rx_src_sel 
clk_i2s0_8ch_rx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s0_8ch_rx_src_div 

Divide clk_i2s0_8ch_rx_src by (div_con + 1) 
 
CRU_CLKSEL_CON14 
Address: Operational Base + offset (0x0138) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s0_8ch_rx_frac_div 
clk_i2s0_8ch_rx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON15 
Address: Operational Base + offset (0x013C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s1_mclkout_tx_sel 
i2s1_mclkout_tx clock mux. 
1'b0: mclk_i2s1_8ch_tx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s1_8ch_tx_sel 
mclk_i2s1_8ch_tx clock mux. 
2'b00: clk_i2s1_8ch_tx_src 
2'b01: clk_i2s1_8ch_tx_frac 
2'b10: i2s1_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s1_8ch_tx_src_sel 
clk_i2s1_8ch_tx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s1_8ch_tx_src_div 

Divide clk_i2s1_8ch_tx_src by (div_con + 1) 
 
CRU_CLKSEL_CON16 
Address: Operational Base + offset (0x0140) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s1_8ch_tx_frac_div 
clk_i2s1_8ch_tx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON17 
Address: Operational Base + offset (0x0144) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s1_mclkout_rx_sel 
i2s1_mclkout_rx clock mux. 
1'b0: mclk_i2s1_8ch_rx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s1_8ch_rx_sel 
mclk_i2s1_8ch_rx clock mux. 
2'b00: clk_i2s1_8ch_rx_src 
2'b01: clk_i2s1_8ch_rx_frac 
2'b10: i2s1_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s1_8ch_rx_src_sel 
clk_i2s1_8ch_rx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 
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Bit Attr Reset Value Description 
7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s1_8ch_rx_src_div 

Divide clk_i2s1_8ch_rx_src by (div_con + 1) 
 
CRU_CLKSEL_CON18 
Address: Operational Base + offset (0x0148) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s1_8ch_rx_frac_div 
clk_i2s1_8ch_rx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON19 
Address: Operational Base + offset (0x014C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s2_mclkout_sel 
i2s2_mclkout clock mux. 
1'b0: mclk_i2s2_2ch 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s2_2ch_sel 
mclk_i2s2_2ch clock mux. 
2'b00: clk_i2s2_2ch_src 
2'b01: clk_i2s2_2ch_frac 
2'b10: i2s2_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s2_2ch_src_sel 
clk_i2s2_2ch_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s2_2ch_src_div 

Divide clk_i2s2_2ch_src by (div_con + 1) 
 
CRU_CLKSEL_CON20 
Address: Operational Base + offset (0x0150) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s2_2ch_frac_div 
clk_i2s2_2ch_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON21 
Address: Operational Base + offset (0x0154) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  56 

Bit Attr Reset Value Description 

15 RW 0x1 
i2s3_mclkout_tx_sel 
i2s3_mclkout_tx clock mux. 
1'b0: mclk_i2s3_2ch_tx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s3_2ch_tx_sel 
mclk_i2s3_2ch_tx clock mux. 
2'b00: clk_i2s3_2ch_tx_src 
2'b01: clk_i2s3_2ch_tx_frac 
2'b10: i2s3_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s3_2ch_tx_src_sel 
clk_i2s3_2ch_tx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s3_2ch_tx_src_div 

Divide clk_i2s3_tx_2ch_src by (div_con + 1) 
 
CRU_CLKSEL_CON22 
Address: Operational Base + offset (0x0158) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s3_2ch_tx_frac_div 
clk_i2s3_2ch_tx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON23 
Address: Operational Base + offset (0x015C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
mclk_spdif_8ch_sel 
mclk_spdif_8ch clock mux. 
1'b0: mclk_spdif_8ch_src 
1'b1: mclk_spdif_8ch_frac 

14 RW 0x0 
mclk_spdif_8ch_src_sel 
mclk_spdif_8ch_src clock mux. 
1'b0: clk_cpll_mux 
1'b1: clk_gpll_mux 

13:12 RO 0x0 reserved 

11:10 RW 0x0 

clk_acdcdig_i2c_sel 
clk_acdcdig_i2c clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_100m 
2'b10: xin_osc0_func_mux 
2'b11: clk_cpll_div_100m 
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Bit Attr Reset Value Description 

9:8 RW 0x0 

mclk_pdm_sel 
mclk_pdm clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_cpll_div_250m 
2'b10: clk_gpll_div_200m 
2'b11: clk_gpll_div_100m 

7 RO 0x0 reserved 
6:0 RW 0x13 mclk_spdif_8ch_src_div 

Divide mclk_spdif_8ch_src by (div_con + 1) 
 
CRU_CLKSEL_CON24 
Address: Operational Base + offset (0x0160) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
mclk_spdif_8ch_frac_div 
mclk_spdif_8ch_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON25 
Address: Operational Base + offset (0x0164) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
sclk_audpwm_sel 
sclk_audpwm clock mux. 
1'b0: sclk_audpwm_src 
1'b1: sclk_audpwm_frac 

14 RW 0x0 
sclk_audpwm_src_sel 
sclk_audpwm_src clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

13:6 RO 0x00 reserved 
5:0 RW 0x0b sclk_audpwm_src_div 

Divide sclk_audpwm_src by (div_con + 1) 
 
CRU_CLKSEL_CON26 
Address: Operational Base + offset (0x0168) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
sclk_audpwm_frac_div 
sclk_audpwm_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON27 
Address: Operational Base + offset (0x016C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 
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Bit Attr Reset Value Description 

7:6 RW 0x0 

clk_crypto_ns_pka_sel 
clk_crypto_ns_pka clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_gpll_div_100m 

5:4 RW 0x0 

clk_crypto_ns_core_sel 
clk_crypto_ns_core clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_gpll_div_100m 

3:2 RW 0x0 

hclk_secure_flash_sel 
hclk_secure_flash clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

1:0 RW 0x0 

aclk_secure_flash_sel 
aclk_secure_flash clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON28 
Address: Operational Base + offset (0x0170) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 

14:12 RW 0x0 

cclk_emmc_sel 
cclk_emmc clock mux. 
3'b000: xin_osc0_func_mux 
3'b001: clk_gpll_div_200m 
3'b010: clk_gpll_div_150m 
3'b011: clk_cpll_div_100m 
3'b100: clk_cpll_div_50m 
3'b101: clk_osc0_div_375k 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

bclk_emmc_sel 
bclk_emmc clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_cpll_div_125m 

7 RO 0x0 reserved 

6:4 RW 0x0 

sclk_sfc_sel 
sclk_sfc clock mux. 
3'b000: xin_osc0_func_mux 
3'b001: clk_cpll_div_50m 
3'b010: clk_gpll_div_75m 
3'b011: clk_gpll_div_100m 
3'b100: clk_cpll_div_125m 
3'b101: clk_gpll_div_150m 

3:2 RO 0x0 reserved 
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Bit Attr Reset Value Description 

1:0 RW 0x0 

nclk_nandc_sel 
nclk_nandc clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_cpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON29 
Address: Operational Base + offset (0x0174) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
clk_xpcs_eee_sel 
clk_xpcs_eee clock mux. 
1'b0: clk_gpll_div_200m 
1'b1: clk_cpll_div_125m 

12:10 RO 0x0 reserved 

9 RW 0x0 
clk_usb3otg1_suspend_sel 
clk_usb3otg1_suspend clock mux. 
1'b0: xin_osc0_func_mux 
1'b1: clk_rtc_32k 

8 RW 0x0 
clk_usb3otg0_suspend_sel 
clk_usb3otg0_suspend clock mux. 
1'b0: xin_osc0_func_mux 
1'b1: clk_rtc_32k 

7:4 RW 0x3 pclk_pipe_div 
Divide pclk_pipe by (div_con + 1) 

3:2 RO 0x0 reserved 

1:0 RW 0x0 

aclk_pipe_sel 
aclk_pipe clock mux. 
2'b00: clk_gpll_div_400m 
2'b01: clk_gpll_div_300m 
2'b10: clk_gpll_div_200m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON30 
Address: Operational Base + offset (0x0178) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 

14:12 RW 0x0 

clk_sdmmc1_sel 
clk_sdmmc0 clock mux. 
3'b000: xin_osc0_func_mux 
3'b001: clk_gpll_div_400m 
3'b010: clk_gpll_div_300m 
3'b011: clk_cpll_div_100m 
3'b100: clk_cpll_div_50m 
3'b101: clk_osc0_div_750k 

11 RO 0x0 reserved 
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Bit Attr Reset Value Description 

10:8 RW 0x0 

clk_sdmmc0_sel 
clk_sdmmc0 clock mux. 
3'b000: xin_osc0_func_mux 
3'b001: clk_gpll_div_400m 
3'b010: clk_gpll_div_300m 
3'b011: clk_cpll_div_100m 
3'b100: clk_cpll_div_50m 
3'b101: clk_osc0_div_750k 

7:4 RW 0x2 pclk_php_div 
Divide pclk_php by (div_con + 1) 

3:2 RW 0x0 

hclk_php_sel 
hclk_php clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

1:0 RW 0x0 

aclk_php_sel 
aclk_php clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON31 
Address: Operational Base + offset (0x017C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clk_mac0_out_sel 
clk_mac0_out clock mux. 
2'b00: clk_cpll_div_125m 
2'b01: clk_cpll_div_50m 
2'b10: clk_cpll_div_25m 
2'b11: xin_osc0_func_mux 

13:12 RW 0x0 

clk_gmac0_ptp_ref_sel 
clk_gmac0_ptp_ref clock mux. 
2'b00: clk_cpll_div_62p5 
2'b01: clk_gpll_div_100m 
2'b10: clk_cpll_div_50m 
2'b11: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_mac0_2top_sel 
clk_mac0_2top clock mux. 
2'b00: clk_cpll_div_125m 
2'b01: clk_cpll_div_50m 
2'b10: clk_cpll_div_25m 
2'b11: clk_ppll_mux 

7:6 RO 0x0 reserved 
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Bit Attr Reset Value Description 

5:4 RW 0x0 

rgmii0_clk_sel 
clock speed in rgmii mode 
2'b00: 125M 
2'b01: 125M 
2'b10: 2.5M 
2'b11: 25M 

3 RW 0x0 
rmii0_clk_sel 
clock speed in rmii mode 
1'b0: 2.5M 
1'b1: 25M 

2 RW 0x0 
rmii0_extclk_sel 
rmii0_extclk_sel 
1'b0: mac0 clock from SOC 
1'b1: mac0 clock from IO 

1:0 RW 0x0 

rmii0_mode 
rmii0_mode 
2'b00: rgmii mode 
2'b01: rmii mode 
2'b10: gmii mode 

 
CRU_CLKSEL_CON32 
Address: Operational Base + offset (0x0180) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 

10:8 RW 0x0 

clk_sdmmc2_sel 
clk_sdmmc0 clock mux. 
3'b000: xin_osc0_func_mux 
3'b001: clk_gpll_div_400m 
3'b010: clk_gpll_div_300m 
3'b011: clk_cpll_div_100m 
3'b100: clk_cpll_div_50m 
3'b101: clk_osc0_div_750k 

7:4 RW 0x2 pclk_usb_div 
Divide pclk_usb by (div_con + 1) 

3:2 RW 0x0 

hclk_usb_sel 
hclk_usb clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

1:0 RW 0x0 

aclk_usb_sel 
aclk_usb clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON33 
Address: Operational Base + offset (0x0184) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clk_mac1_out_sel 
clk_mac1_out clock mux. 
2'b00: clk_cpll_div_125m 
2'b01: clk_cpll_div_50m 
2'b10: clk_cpll_div_25m 
2'b11: xin_osc0_func_mux 

13:12 RW 0x0 

clk_gmac1_ptp_ref_sel 
clk_gmac1_ptp_ref clock mux. 
2'b00: clk_cpll_div_62p5 
2'b01: clk_gpll_div_100m 
2'b10: clk_cpll_div_50m 
2'b11: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_mac1_2top_sel 
clk_mac1_2top clock mux. 
2'b00: clk_cpll_div_125m 
2'b01: clk_cpll_div_50m 
2'b10: clk_cpll_div_25m 
2'b11: clk_ppll_mux 

7:6 RO 0x0 reserved 

5:4 RW 0x0 

rgmii1_clk_sel 
clock speed in rgmii mode 
2'b00: 125M 
2'b01: 125M 
2'b10: 2.5M 
2'b11: 25M 

3 RW 0x0 
rmii1_clk_sel 
clock speed in rmii mode 
1'b0: 2.5M 
1'b1: 25M 

2 RW 0x0 
rmii1_extclk_sel 
rmii1_extclk_sel 
1'b0: mac1 clock from SOC 
1'b1: mac1 clock from IO 

1:0 RW 0x0 

rmii1_mode 
rmii1_mode 
2'b00: rgmii mode 
2'b01: rmii mode 
2'b10: gmii mode 

 
CRU_CLKSEL_CON34 
Address: Operational Base + offset (0x0188) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  63 

Bit Attr Reset Value Description 

15:14 RW 0x0 

dclk_vicap1_sel 
dclk_vicap1 clock mux. 
2'b00: clk_cpll_div_333m 
2'b01: clk_gpll_div_300m 
2'b10: clk_gpll_div_200m 

13:12 RO 0x0 reserved 
11:8 RW 0x3 pclk_vi_div 

Divide pclk_vi by (div_con + 1) 
7:4 RW 0x1 hclk_vi_div 

Divide hclk_vi by (div_con + 1) 
3:2 RO 0x0 reserved 

1:0 RW 0x0 

aclk_vi_sel 
aclk_vi clock mux. 
2'b00: clk_gpll_div_400m 
2'b01: clk_gpll_div_300m 
2'b10: clk_gpll_div_200m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON35 
Address: Operational Base + offset (0x018C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x3 

clk_cif_out_sel 
clk_cif_out clock mux. 
2'b00: clk_gpll_mux 
2'b01: usbphy480m_mux 
2'b10: xin_osc0_func_mux 

13:8 RW 0x00 clk_cif_out_div 
Divide clk_cif_out by (div_con + 1) 

7:6 RW 0x0 

clk_isp_sel 
clk_isp clock mux. 
2'b00: clk_cpll_mux 
2'b01: clk_gpll_mux 
2'b10: clk_hpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x01 clk_isp_div 

Divide clk_isp by (div_con + 1) 
 
CRU_CLKSEL_CON36 
Address: Operational Base + offset (0x0190) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x3 

clk_cam1_out_sel 
clk_cam1_out clock mux. 
2'b00: clk_gpll_mux 
2'b01: usbphy480m_mux 
2'b10: xin_osc0_func_mux 

13:8 RW 0x00 clk_cam1_out_div 
Divide clk_cam1_out by (div_con + 1) 
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Bit Attr Reset Value Description 

7:6 RW 0x3 

clk_cam0_out_sel 
clk_cam0_out clock mux. 
2'b00: clk_gpll_mux 
2'b01: usbphy480m_mux 
2'b10: xin_osc0_func_mux 

5:0 RW 0x00 clk_cam0_out_div 
Divide clk_cam0_out by (div_con + 1) 

 
CRU_CLKSEL_CON37 
Address: Operational Base + offset (0x0194) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RW 0x3 pclk_vo_div 
Divide pclk_vo by (div_con + 1) 

11:8 RW 0x1 hclk_vo_div 
Divide hclk_vo by (div_con + 1) 

7:2 RO 0x00 reserved 

1:0 RW 0x0 

aclk_vo_sel 
aclk_vo clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_cpll_div_250m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON38 
Address: Operational Base + offset (0x0198) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 

9:8 RW 0x0 

clk_edp_200m_sel 
clk_edp_200m clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_cpll_div_125m 

7:6 RW 0x0 

aclk_vop_pre_sel 
aclk_vop_pre clock mux. 
2'b00: clk_cpll_mux 
2'b01: clk_gpll_mux 
2'b10: clk_hpll_mux 
2'b11: clk_vpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x01 aclk_vop_pre_div 

Divide aclk_vop_pre by (div_con + 1) 
 
CRU_CLKSEL_CON39 
Address: Operational Base + offset (0x019C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11:10 RW 0x0 

dclk0_vop_sel 
dclk0_vop clock mux. 
2'b00: clk_hpll_mux 
2'b01: clk_vpll_mux 
2'b10: clk_gpll_mux 
2'b11: clk_cpll_mux 

9:8 RO 0x0 reserved 
7:0 RW 0x00 dclk0_vop_div 

Divide dclk0_vop by (div_con + 1) 
 
CRU_CLKSEL_CON40 
Address: Operational Base + offset (0x01A0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11:10 RW 0x0 

dclk1_vop_sel 
dclk1_vop clock mux. 
2'b00: clk_hpll_mux 
2'b01: clk_vpll_mux 
2'b10: clk_gpll_mux 
2'b11: clk_cpll_mux 

9:8 RO 0x0 reserved 
7:0 RW 0x01 dclk1_vop_div 

Divide dclk1_vop by (div_con + 1) 
 
CRU_CLKSEL_CON41 
Address: Operational Base + offset (0x01A4) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11:10 RW 0x0 

dclk2_vop_sel 
dclk2_vop clock mux. 
2'b00: clk_hpll_mux 
2'b01: clk_vpll_mux 
2'b10: clk_gpll_mux 
2'b11: clk_cpll_mux 

9:8 RO 0x0 reserved 
7:0 RW 0x03 dclk2_vop_div 

Divide dclk2_vop by (div_con + 1) 
 
CRU_CLKSEL_CON42 
Address: Operational Base + offset (0x01A8) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11:8 RW 0x1 hclk_vpu_pre_div 

Divide hclk_vpu_pre by (div_con + 1) 

7 RW 0x0 
aclk_vpu_pre_sel 
aclk_vpu_pre clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

6:5 RO 0x0 reserved 
4:0 RW 0x03 aclk_vpu_pre_div 

Divide aclk_vpu_pre by (div_con + 1) 
 
CRU_CLKSEL_CON43 
Address: Operational Base + offset (0x01AC) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RW 0x2 pclk_rga_pre_div 
Divide pclk_rga_pre by (div_con + 1) 

11:8 RW 0x1 hclk_rga_pre_div 
Divide hclk_rga_pre by (div_con + 1) 

7:6 RW 0x0 

dclk_ebc_sel 
dclk_ebc clock mux. 
2'b00: clk_gpll_div_400m 
2'b01: clk_cpll_div_333m 
2'b10: clk_gpll_div_200m 

5:4 RW 0x0 

clk_iep_core_sel 
clk_iep_core clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_cpll_div_100m 

3:2 RW 0x0 

clk_rga_core_sel 
clk_rga_core clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_gpll_div_200m 
2'b10: clk_cpll_div_100m 

1:0 RW 0x0 

aclk_rga_pre_sel 
aclk_rga_pre clock mux. 
2'b00: clk_gpll_div_300m 
2'b01: clk_cpll_div_250m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON44 
Address: Operational Base + offset (0x01B0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 
15:12 RO 0x0 reserved 
11:8 RW 0x2 hclk_rkvenc_pre_div 

Divide hclk_rkvenc_pre by (div_con + 1) 

7:6 RW 0x0 

aclk_rkvenc_pre_sel 
aclk_rkvenc_pre clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

5 RO 0x0 reserved 
4:0 RW 0x03 aclk_rkvenc_pre_div 

Divide aclk_rkvenc_pre by (div_con + 1) 
 
CRU_CLKSEL_CON45 
Address: Operational Base + offset (0x01B4) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clk_rkvenc_core_sel 
clk_rkvenc_core clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 
2'b11: clk_vpll_mux 

13:5 RO 0x000 reserved 
4:0 RW 0x03 clk_rkvenc_core_div 

Divide clk_rkvenc_core by (div_con + 1) 
 
CRU_CLKSEL_CON47 
Address: Operational Base + offset (0x01BC) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11:8 RW 0x1 hclk_rkvdec_pre_div 

Divide hclk_rkvdec_pre by (div_con + 1) 

7 RW 0x0 
aclk_rkvdec_pre_sel 
aclk_rkvdec_pre clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

6:5 RO 0x0 reserved 
4:0 RW 0x02 aclk_rkvdec_pre_div 

Divide aclk_rkvdec_pre by (div_con + 1) 
 
CRU_CLKSEL_CON48 
Address: Operational Base + offset (0x01C0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 
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Bit Attr Reset Value Description 

7:6 RW 0x0 

clk_rkvdec_ca_sel 
clk_rkvdec_ca clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 
2'b11: clk_vpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x03 clk_rkvdec_ca_div 

Divide clk_rkvdec_ca by (div_con + 1) 
 
CRU_CLKSEL_CON49 
Address: Operational Base + offset (0x01C4) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clk_rkvdec_core_sel 
clk_rkvdec_core clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 
2'b11: clk_vpll_mux 

13 RO 0x0 reserved 
12:8 RW 0x03 clk_rkvdec_core_div 

Divide clk_rkvdec_core by (div_con + 1) 

7:6 RW 0x0 

clk_rkvdec_hevc_ca_sel 
clk_rkvdec_hevc_ca clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 
2'b11: clk_vpll_mux 

5 RO 0x0 reserved 
4:0 RW 0x01 clk_rkvdec_hevc_ca_div 

Divide clk_rkvdec_hevc_ca by (div_con + 1) 
 
CRU_CLKSEL_CON50 
Address: Operational Base + offset (0x01C8) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:6 RO 0x000 reserved 

5:4 RW 0x0 

pclk_bus_sel 
pclk_bus clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: clk_gpll_div_75m 
2'b10: clk_cpll_div_50m 
2'b11: xin_osc0_func_mux 

3:2 RO 0x0 reserved 
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Bit Attr Reset Value Description 

1:0 RW 0x0 

aclk_bus_sel 
aclk_bus clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_150m 
2'b10: clk_gpll_div_100m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON51 
Address: Operational Base + offset (0x01CC) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 
14:8 RW 0x13 clk_tsadc_div 

Divide clk_tsadc by (div_con + 1) 
7:6 RO 0x0 reserved 

5:4 RW 0x0 

clk_tsadc_tsen_sel 
clk_tsadc_tsen clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_gpll_div_100m 
2'b10: clk_cpll_div_100m 

3 RO 0x0 reserved 
2:0 RW 0x0 clk_tsadc_tsen_div 

Divide clk_tsadc_tsen by (div_con + 1) 
 
CRU_CLKSEL_CON52 
Address: Operational Base + offset (0x01D0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart1_sel 
sclk_uart1 clock mux. 
2'b00: clk_uart1_src 
2'b01: clk_uart1_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart1_src_sel 
clk_uart1_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart1_src_div 

Divide clk_uart1_src by (div_con + 1) 
 
CRU_CLKSEL_CON53 
Address: Operational Base + offset (0x01D4) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart1_frac_div 
clk_uart1_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON54 
Address: Operational Base + offset (0x01D8) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart2_sel 
sclk_uart2 clock mux. 
2'b00: clk_uart2_src 
2'b01: clk_uart2_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart2_src_sel 
clk_uart2_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart2_src_div 

Divide clk_uart2_src by (div_con + 1) 
 
CRU_CLKSEL_CON55 
Address: Operational Base + offset (0x01DC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart2_frac_div 
clk_uart2_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON56 
Address: Operational Base + offset (0x01E0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart3_sel 
sclk_uart3 clock mux. 
2'b00: clk_uart3_src 
2'b01: clk_uart3_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart3_src_sel 
clk_uart3_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 
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Bit Attr Reset Value Description 
7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart3_src_div 

Divide clk_uart3_src by (div_con + 1) 
 
CRU_CLKSEL_CON57 
Address: Operational Base + offset (0x01E4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart3_frac_div 
clk_uart3_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON58 
Address: Operational Base + offset (0x01E8) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart4_sel 
sclk_uart4 clock mux. 
2'b00: clk_uart4_src 
2'b01: clk_uart4_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart4_src_sel 
clk_uart4_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart4_src_div 

Divide clk_uart4_src by (div_con + 1) 
 
CRU_CLKSEL_CON59 
Address: Operational Base + offset (0x01EC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart4_frac_div 
clk_uart4_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON60 
Address: Operational Base + offset (0x01F0) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
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Bit Attr Reset Value Description 

13:12 RW 0x2 

sclk_uart5_sel 
sclk_uart5 clock mux. 
2'b00: clk_uart5_src 
2'b01: clk_uart5_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart5_src_sel 
clk_uart5_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart5_src_div 

Divide clk_uart5_src by (div_con + 1) 
 
CRU_CLKSEL_CON61 
Address: Operational Base + offset (0x01F4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart5_frac_div 
clk_uart5_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON62 
Address: Operational Base + offset (0x01F8) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart6_sel 
sclk_uart6 clock mux. 
2'b00: clk_uart6_src 
2'b01: clk_uart6_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart6_src_sel 
clk_uart6_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart6_src_div 

Divide clk_uart6_src by (div_con + 1) 
 
CRU_CLKSEL_CON63 
Address: Operational Base + offset (0x01FC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart6_frac_div 
clk_uart6_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON64 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  73 

Address: Operational Base + offset (0x0200) 
Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart7_sel 
sclk_uart7 clock mux. 
2'b00: clk_uart7_src 
2'b01: clk_uart7_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart7_src_sel 
clk_uart7_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart7_src_div 

Divide clk_uart7_src by (div_con + 1) 
 
CRU_CLKSEL_CON65 
Address: Operational Base + offset (0x0204) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart7_frac_div 
clk_uart7_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON66 
Address: Operational Base + offset (0x0208) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart8_sel 
sclk_uart8 clock mux. 
2'b00: clk_uart8_src 
2'b01: clk_uart8_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart8_src_sel 
clk_uart8_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart8_src_div 

Divide clk_uart8_src by (div_con + 1) 
 
CRU_CLKSEL_CON67 
Address: Operational Base + offset (0x020C) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart8_frac_div 
clk_uart8_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON68 
Address: Operational Base + offset (0x0210) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13:12 RW 0x2 

sclk_uart9_sel 
sclk_uart9 clock mux. 
2'b00: clk_uart9_src 
2'b01: clk_uart9_frac 
2'b10: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

clk_uart9_src_sel 
clk_uart9_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: usbphy480m_mux 

7 RO 0x0 reserved 
6:0 RW 0x0b clk_uart9_src_div 

Divide clk_uart9_src by (div_con + 1) 
 
CRU_CLKSEL_CON69 
Address: Operational Base + offset (0x0214) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_uart9_frac_div 
clk_uart9_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_CLKSEL_CON70 
Address: Operational Base + offset (0x0218) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_can1_sel 
clk_can1 clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

14:13 RO 0x0 reserved 
12:8 RW 0x03 clk_can1_div 

Divide clk_can1 by (div_con + 1) 

7 RW 0x0 
clk_can0_sel 
clk_can0 clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

6:5 RO 0x0 reserved 
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Bit Attr Reset Value Description 
4:0 RW 0x03 clk_can0_div 

Divide clk_can0 by (div_con + 1) 
 
CRU_CLKSEL_CON71 
Address: Operational Base + offset (0x021C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 

9:8 RW 0x2 

clk_i2c_sel 
clk_i2c clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: clk_gpll_div_100m 
2'b10: xin_osc0_func_mux 
2'b11: clk_cpll_div_100m 

7 RW 0x0 
clk_can2_sel 
clk_can2 clock mux. 
1'b0: clk_gpll_mux 
1'b1: clk_cpll_mux 

6:5 RO 0x0 reserved 
4:0 RW 0x03 clk_can2_div 

Divide clk_can2 by (div_con + 1) 
 
CRU_CLKSEL_CON72 
Address: Operational Base + offset (0x0220) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 

14 RW 0x0 
dbclk_gpio_sel 
dbclk_gpio clock mux. 
1'b0: xin_osc0_func_mux 
1'b1: clk_rtc_32k 

13:12 RW 0x1 

clk_pwm3_sel 
clk_pwm3 clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

11:10 RW 0x1 

clk_pwm2_sel 
clk_pwm2 clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

9:8 RW 0x1 

clk_pwm1_sel 
clk_pwm1 clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 
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Bit Attr Reset Value Description 

7:6 RW 0x0 

clk_spi3_sel 
clk_spi3 clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

5:4 RW 0x0 

clk_spi2_sel 
clk_spi2 clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

3:2 RW 0x0 

clk_spi1_sel 
clk_spi1 clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

1:0 RW 0x0 

clk_spi0_sel 
clk_spi0 clock mux. 
2'b00: clk_gpll_div_200m 
2'b01: xin_osc0_func_mux 
2'b10: clk_cpll_div_100m 

 
CRU_CLKSEL_CON73 
Address: Operational Base + offset (0x0224) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_otpc_arb_sel 
clk_optc_arb clock mux. 
1'b0: xin_osc0_func_mux 
1'b1: clk_cpll_div_100m 

14 RO 0x0 reserved 

13:12 RW 0x0 

pclk_top_sel 
pclk_top clock mux. 
2'b00: clk_gpll_div_100m 
2'b01: clk_gpll_div_75m 
2'b10: clk_cpll_div_50m 
2'b11: xin_osc0_func_mux 

11:10 RO 0x0 reserved 

9:8 RW 0x0 

hclk_top_sel 
hclk_top clock mux. 
2'b00: clk_gpll_div_150m 
2'b01: clk_gpll_div_100m 
2'b10: clk_gpll_div_75m 
2'b11: xin_osc0_func_mux 

7:6 RO 0x0 reserved 

5:4 RW 0x0 

aclk_top_low_sel 
aclk_top_low clock mux. 
2'b00: clk_gpll_div_400m 
2'b01: clk_gpll_div_300m 
2'b10: clk_gpll_div_200m 
2'b11: xin_osc0_func_mux 

3:2 RO 0x0 reserved 
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Bit Attr Reset Value Description 

1:0 RW 0x0 

aclk_top_high_sel 
aclk_top_high clock mux. 
2'b00: clk_cpll_div_500m 
2'b01: clk_gpll_div_400m 
2'b10: clk_gpll_div_300m 
2'b11: xin_osc0_func_mux 

 
CRU_CLKSEL_CON74 
Address: Operational Base + offset (0x0228) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 

clk_testout_sel 
clk_testout clock mux. 
5'd0 : xin_osc0_func_mux 
5'd1 : clk_rtc_32k 
5'd2 : clk_core_ndft 
5'd3 : sclk_core_pre_ndft 
5'd4 : clk_gpu_pre_ndft 
5'd5 : clk_npu_pre_ndft 
5'd6 : clk_ddrphy1x 
5'd7 : aclk_vpu_pre_ndft 
5'd8 : clk_isp_core_ndft 
5'd9 : aclk_vop_pre_ndft 
5'd10: dclk0_vop_ndft 
5'd11: otp_ips_osc_out 
5'd12: clk_rkvenc_core_ndft 
5'd13: clk_rkvdec_hevc_ca_ndft 
5'd14: clk_mac0_top 
5'd15: clk_mac1_top 
5'd16: clk_core_pvtpll_out 
5'd17: clk_gpu_pvtpll_out 
5'd18: clk_npu_pvtpll_out 
5'd19: aclk_bus_ndft 
5'd20: aclk_gic_audio_ndft 
5'd21: aclk_php_ndft 
5'd22: aclk_secure_flash_ndft 
5'd23: mclk_pdm_ndft 
5'd24: mclk_i2s0_8ch_rx_ndft 
5'd25: sclk_uart1_ndft 
5'd26: cclk_emmc_ndft 
5'd27: clk_pipephy0_pipe_ndft 
5'd28: clk_pipephy1_pipe_ndft 
5'd29: clk_pipephy0_ref 
5'd30: clk_usbphy0_ref 
5'd31: usbphy480m_i 
 

7:0 RW 0x1f clk_testout_div 
Divide clk_testout by (div_con + 1) 

 
CRU_CLKSEL_CON75 
Address: Operational Base + offset (0x022C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 clk_gpll_div_300m_div 

Divide clk_gpll_div_300m by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x02 clk_gpll_div_400m_div 

Divide clk_gpll_div_400m by (div_con + 1) 
 
CRU_CLKSEL_CON76 
Address: Operational Base + offset (0x0230) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x07 clk_gpll_div_150m_div 

Divide clk_gpll_div_150m by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x05 clk_gpll_div_200m_div 

Divide clk_gpll_div_200m by (div_con + 1) 
 
CRU_CLKSEL_CON77 
Address: Operational Base + offset (0x0234) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x0f clk_gpll_div_75m_div 

Divide clk_gpll_div_75m by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x0b clk_gpll_div_100m_div 

Divide clk_gpll_div_100m by (div_con + 1) 
 
CRU_CLKSEL_CON78 
Address: Operational Base + offset (0x0238) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x01 clk_cpll_div_500m_div 

Divide clk_cpll_div_500m by (div_con + 1) 
7:6 RO 0x0 reserved 
5:0 RW 0x3b clk_gpll_div_20m_div 

Divide clk_gpll_div_20m by (div_con + 1) 
 
CRU_CLKSEL_CON79 
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Address: Operational Base + offset (0x023C) 
Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 clk_cpll_div_250m_div 

Divide clk_cpll_div_250m by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x02 clk_cpll_div_333m_div 

Divide clk_cpll_div_333m by (div_con + 1) 
 
CRU_CLKSEL_CON80 
Address: Operational Base + offset (0x0240) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x0f clk_cpll_div_62p5_div 

Divide clk_cpll_div_62p5 by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x07 clk_cpll_div_125m_div 

Divide clk_cpll_div_125m by (div_con + 1) 
 
CRU_CLKSEL_CON81 
Address: Operational Base + offset (0x0244) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13:8 RW 0x27 clk_cpll_div_25m_div 

Divide clk_cpll_div_25m by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x13 clk_cpll_div_50m_div 

Divide clk_cpll_div_50m by (div_con + 1) 
 
CRU_CLKSEL_CON82 
Address: Operational Base + offset (0x0248) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13:8 RW 0x1f clk_osc0_div_750k_div 

Divide clk_osc0_div_750k by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x09 clk_cpll_div_100m_div 

Divide clk_osc0_div_750k by (div_con + 1) 
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CRU_CLKSEL_CON83 
Address: Operational Base + offset (0x024C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
i2s3_mclkout_rx_sel 
i2s3_mclkout_rx clock mux. 
1'b0: mclk_i2s3_2ch_rx 
1'b1: xin_osc0_half 

14:12 RO 0x0 reserved 

11:10 RW 0x0 

mclk_i2s3_2ch_rx_sel 
mclk_i2s3_2ch_rx clock mux. 
2'b00: clk_i2s3_2ch_rx_src 
2'b01: clk_i2s3_2ch_rx_frac 
2'b10: i2s3_mclkin 
2'b11: xin_osc0_half 

9:8 RW 0x1 

clk_i2s3_2ch_rx_src_sel 
clk_i2s3_2ch_rx_src clock mux. 
2'b00: clk_gpll_mux 
2'b01: clk_cpll_mux 
2'b10: clk_npll_mux 

7 RO 0x0 reserved 
6:0 RW 0x13 clk_i2s3_2ch_rx_src_div 

Divide clk_i2s3_rx_2ch_src by (div_con + 1) 
 
CRU_CLKSEL_CON84 
Address: Operational Base + offset (0x0250) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_i2s3_2ch_rx_frac_div 
clk_i2s3_2ch_rx_frac fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
CRU_GATE_CON00 
Address: Operational Base + offset (0x0300) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
cntclk_core_en 
cntclk_core clock gating control. 
When high, disable clock 

14 RW 0x0 
tsclk_core_en 
tsclk_core clock gating control. 
When high, disable clock 

13 RW 0x0 
periphclk_core_en 
periphclk_core clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_core_en 
pclk_core clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

11 RW 0x0 
periphclk_core_pre_en 
periphclk_core_pre clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_core_pre_en 
pclk_core_pre clock gating control. 
When high, disable clock 

9 RW 0x0 
gicclk_core_en 
gicclk_core clock gating control. 
When high, disable clock 

8 RW 0x0 
atclk_core_en 
atclk_core clock gating control. 
When high, disable clock 

7 RW 0x0 
sclk_core_en 
sclk_core clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_npll_core_en 
clk_npll_core clock gating control. 
When high, disable clock 

5 RW 0x0 
sclk_core_src_en 
sclk_core_src clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_core3_en 
clk_core3 clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_core2_en 
clk_core2 clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_core1_en 
clk_core1 clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_core0_en 
clk_core0 clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_core_en 
clk_core_ndft clock gating control. 
When high, disable clock 

 
CRU_GATE_CON01 
Address: Operational Base + offset (0x0304) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_jtag_en 
clk_jtag clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_apll_core_en 
clk_apll_core clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_core_div2_en 
clk_core_div2 clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

12 RW 0x0 
clk_core_pvtpll_en 
clk_core_pvtpll clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_core_pvtm_core_en 
clk_core_pvtm_core clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_core_pvtm_en 
clk_core_pvtm clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_core_pvtm_en 
pclk_core_pvtm clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_core_grf_en 
pclk_core_grf clock gating control. 
When high, disable clock 

7 RW 0x0 
aclk_adb400_gic2core_en 
aclk_adb400_gic2core clock gating control. 
When high, disable clock 

6 RW 0x0 
aclk_adb400_core2gic_en 
aclk_adb400_core2gic clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_dbg_daplite_en 
pclk_dbg_daplite clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_dbg_en 
pclk_dbg clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_dbg_biu_en 
pclk_dbg_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_core_biu2bus_en 
aclk_core_biu2bus clock gating control. 
When high, disable clock 

1 RW 0x0 
aclk_core_biu2ddr_en 
aclk_core_biu2ddr clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_core_en 
aclk_core_ndft clock gating control. 
When high, disable clock 

 
CRU_GATE_CON02 
Address: Operational Base + offset (0x0308) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11 RW 0x0 
aclk_gpu_pre_en 
aclk_gpu_pre clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_gpu_div2_en 
clk_gpu_div2 clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

9 RW 0x0 
clk_gpu_pvtpll_en 
clk_gpu_pvtpll clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_gpu_pvtm_core_en 
clk_gpu_pvtm_core clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_gpu_pvtm_en 
clk_gpu_pvtm clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_gpu_pvtm_en 
pclk_gpu_pvtm clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_gpu_biu_en 
pclk_gpu_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_gpu_biu_en 
aclk_gpu_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_gpu_en 
clk_gpu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_gpu_pre_en 
pclk_gpu_pre clock gating control. 
When high, disable clock 

1 RO 0x0 reserved 

0 RW 0x0 
clk_gpu_src_en 
clk_gpu_src clock gating control. 
When high, disable clock 

 
CRU_GATE_CON03 
Address: Operational Base + offset (0x030C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
clk_npu_div2_en 
clk_npu_div2 clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_npu_pvtpll_en 
clk_npu_pvtpll clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_npu_pvtm_core_en 
clk_npu_pvtm_core clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_npu_pvtm_en 
clk_npu_pvtm clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_npu_pvtm_en 
pclk_npu_pvtm clock gating control. 
When high, disable clock 

8 RW 0x0 
hclk_npu_en 
hclk_npu clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

7 RW 0x0 
aclk_npu_en 
aclk_npu clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_npu_biu_en 
pclk_npu_biu clock gating control. 
When high, disable clock 

5 RW 0x0 
hclk_npu_biu_en 
hclk_npu_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_npu_biu_en 
aclk_npu_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_npu_pre_en 
pclk_npu_pre clock gating control. 
When high, disable clock 

2 RW 0x0 
hclk_npu_pre_en 
hclk_npu_pre clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_npu_np5_en 
clk_npu_np5 clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_npu_src_en 
clk_npu_src clock gating control. 
When high, disable clock 

 
CRU_GATE_CON04 
Address: Operational Base + offset (0x0310) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk24_ddrmon_en 
clk24_ddrmon clock gating control. 
When high, disable clock 

14 RO 0x0 reserved 

13 RW 0x0 
clk_ddrmon_en 
clk_ddrmon clock gating control. 
When high, disable clock 

12 RO 0x0 reserved 

11 RW 0x0 
aclk_dma2ddr_en 
aclk_dma2ddr clock gating control. 
When high, disable clock 

10 RO 0x0 reserved 

9 RW 0x0 
clk_ddrdfi_ctl_en 
clk_ddrdfi_ctl clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_ddrsplit_en 
aclk_ddrsplit clock gating control. 
When high, disable clock 

7 RO 0x0 reserved 

6 RW 0x0 
clk_ddr_alwayson_en 
clk_ddr_alwayson clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

5 RW 0x0 
aclk_msch_en 
aclk_msch clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_ddrscramble_en 
aclk_ddrscramble clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_hwffc_ctrl_en 
clk_hwffc_ctrl clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_msch_div2_en 
clk_msch clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_dpll_ddr_en 
clk_dpll_ddr clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_ddrphy1x_en 
clk_ddrphy1x_src clock gating control. 
When high, disable clock 

 
CRU_GATE_CON05 
Address: Operational Base + offset (0x0314) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
mclk_pdm_en 
mclk_pdm clock gating control. 
When high, disable clock 

14 RW 0x0 
hclk_pdm_en 
hclk_pdm clock gating control. 
When high, disable clock 

13 RW 0x0 
hclk_i2s3_2ch_en 
hclk_i2s3_2ch clock gating control. 
When high, disable clock 

12 RW 0x0 
hclk_i2s2_2ch_en 
hclk_i2s2_2ch clock gating control. 
When high, disable clock 

11 RW 0x0 
hclk_i2s1_8ch_en 
hclk_i2s1_8ch clock gating control. 
When high, disable clock 

10 RW 0x0 
hclk_i2s0_8ch_en 
hclk_i2s0_8ch clock gating control. 
When high, disable clock 

9 RW 0x0 
dclk_sdmmc_buffer_en 
dclk_sdmmc_buffer clock gating control. 
When high, disable clock 

8 RW 0x0 
hclk_sdmmc_buffer_en 
hclk_sdmmc_buffer clock gating control. 
When high, disable clock 

7 RW 0x0 
aclk_spinlock_en 
aclk_spinlock clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

6 RW 0x0 
aclk_gicadb_gic2core_en 
aclk_gicadb_gic2core clock gating control. 
When high, disable clock 

5 RW 0x0 
aclk_gicadb_core2gic_en 
aclk_gicadb_core2gic clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_gic600_en 
aclk_gic600 clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_gic_audio_biu_en 
hclk_gic_audio_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_gic_audio_biu_en 
aclk_gic_audio_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_gic_audio_en 
hclk_gic_audio clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_gic_audio_en 
aclk_gic_audio clock gating control. 
When high, disable clock 

 
CRU_GATE_CON06 
Address: Operational Base + offset (0x0318) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
i2s1_mclkout_rx_en 
i2s1_mclkout_rx clock gating control. 
When high, disable clock 

14 RW 0x0 
mclk_i2s1_8ch_rx_en 
mclk_i2s1_8ch_rx clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_i2s1_8ch_rx_frac_en 
clk_i2s1_8ch_rx_frac clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_i2s1_8ch_rx_src_en 
clk_i2s1_8ch_rx_src clock gating control. 
When high, disable clock 

11 RW 0x0 
i2s1_mclkout_tx_en 
i2s1_mclkout_tx clock gating control. 
When high, disable clock 

10 RW 0x0 
mclk_i2s1_8ch_tx_en 
mclk_i2s1_8ch_tx clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_i2s1_8ch_tx_frac_en 
clk_i2s1_8ch_tx_frac clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_i2s1_8ch_tx_src_en 
clk_i2s1_8ch_tx_src clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

7 RW 0x0 
i2s0_mclkout_rx_en 
i2s0_mclkout_rx clock gating control. 
When high, disable clock 

6 RW 0x0 
mclk_i2s0_8ch_rx_en 
mclk_i2s0_8ch_rx clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_i2s0_8ch_rx_frac_en 
clk_i2s0_8ch_rx_frac clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_i2s0_8ch_rx_src_en 
clk_i2s0_8ch_rx_src clock gating control. 
When high, disable clock 

3 RW 0x0 
i2s0_mclkout_tx_en 
i2s0_mclkout_tx clock gating control. 
When high, disable clock 

2 RW 0x0 
mclk_i2s0_8ch_tx_en 
mclk_i2s0_8ch_tx clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_i2s0_8ch_tx_frac_en 
clk_i2s0_8ch_tx_frac clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_i2s0_8ch_tx_src_en 
clk_i2s0_8ch_tx_src clock gating control. 
When high, disable clock 

 
CRU_GATE_CON07 
Address: Operational Base + offset (0x031C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
mclk_spdif_8ch_frac_en 
mclk_spdif_8ch_frac clock gating control. 
When high, disable clock 

14 RW 0x0 
mclk_spdif_8ch_src_en 
mclk_spdif_8ch_src clock gating control. 
When high, disable clock 

13 RW 0x0 
hclk_spdif_8ch_en 
hclk_spdif_8ch clock gating control. 
When high, disable clock 

12 RW 0x0 
hclk_vad_en 
hclk_vad clock gating control. 
When high, disable clock 

11 RW 0x0 
i2s3_mclkout_rx _en 
i2s3_mclkout_rx  clock gating control. 
When high, disable clock 

10 RW 0x0 
mclk_i2s3_2ch_rx_en 
mclk_i2s3_2ch_rx clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_i2s3_2ch_rx_frac_en 
clk_i2s3_2ch_rx_frac clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

8 RW 0x0 
clk_i2s3_2ch_rx_src_en 
clk_i2s3_2ch_rx_src clock gating control. 
When high, disable clock 

7 RW 0x0 
i2s3_mclkout_tx _en 
i2s3_mclkout_tx  clock gating control. 
When high, disable clock 

6 RW 0x0 
mclk_i2s3_2ch_tx_en 
mclk_i2s3_2ch_tx clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_i2s3_2ch_tx_frac_en 
clk_i2s3_2ch_tx_frac clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_i2s3_2ch_tx_src_en 
clk_i2s3_2ch_tx_src clock gating control. 
When high, disable clock 

3 RW 0x0 
i2s2_mclkout_en 
i2s2_mclkout clock gating control. 
When high, disable clock 

2 RW 0x0 
mclk_i2s2_2ch_en 
mclk_i2s2_2ch clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_i2s2_2ch_frac_en 
clk_i2s2_2ch_frac clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_i2s2_2ch_src_en 
clk_i2s2_2ch_src clock gating control. 
When high, disable clock 

 
CRU_GATE_CON08 
Address: Operational Base + offset (0x0320) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_crypto_ns_rng_en 
clk_crypto_ns_rng clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_crypto_ns_pka_en 
clk_crypto_ns_pka clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_crypto_ns_core_en 
clk_crypto_ns_core clock gating control. 
When high, disable clock 

12 RW 0x0 
hclk_crypto_ns_en 
hclk_crypto_ns clock gating control. 
When high, disable clock 

11 RW 0x0 
aclk_crypto_ns_en 
aclk_crypto_ns clock gating control. 
When high, disable clock 

10 RW 0x0 
hclk_secure_flash_biu_en 
hclk_secure_flash_biu clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

9 RW 0x0 
aclk_secure_flash_biu_en 
aclk_secure_flash_biu clock gating control. 
When high, disable clock 

8 RW 0x0 
hclk_secure_flash_en 
hclk_secure_flash clock gating control. 
When high, disable clock 

7 RW 0x0 
aclk_secure_flash_en 
aclk_secure_flash clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_acdcdig_adc_en 
clk_acdcdig_adc clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_acdcdig_dac_en 
clk_acdcdig_dac clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_acdcdig_i2c_en 
clk_acdcdig_i2c clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_acdcdig_en 
hclk_acdcdig clock gating control. 
When high, disable clock 

2 RW 0x0 
sclk_audpwm_frac_en 
sclk_audpwm_frac clock gating control. 
When high, disable clock 

1 RW 0x0 
sclk_audpwm_src_en 
sclk_audpwm_src clock gating control. 
When high, disable clock 

0 RW 0x0 
hclk_audpwm_en 
hclk_audpwm clock gating control. 
When high, disable clock 

 
CRU_GATE_CON09 
Address: Operational Base + offset (0x0324) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11 RW 0x0 
clk_trng_ns_en 
clk_trng_ns clock gating control. 
When high, disable clock 

10 RW 0x0 
hclk_trng_ns_en 
hclk_trng_ns clock gating control. 
When high, disable clock 

9 RW 0x0 
tclk_emmc_en 
tclk_emmc clock gating control. 
When high, disable clock 

8 RW 0x0 
cclk_emmc_en 
cclk_emmc clock gating control. 
When high, disable clock 

7 RW 0x0 
bclk_emmc_en 
bclk_emmc clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

6 RW 0x0 
hclk_emmc_en 
hclk_emmc clock gating control. 
When high, disable clock 

5 RW 0x0 
aclk_emmc_en 
aclk_emmc clock gating control. 
When high, disable clock 

4 RW 0x0 
sclk_sfc_en 
sclk_sfc clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_sfc_xip_en 
hclk_sfc_xip clock gating control. 
When high, disable clock 

2 RW 0x0 
hclk_sfc_en 
hclk_sfc clock gating control. 
When high, disable clock 

1 RW 0x0 
nclk_nandc_en 
nclk_nandc clock gating control. 
When high, disable clock 

0 RW 0x0 
hclk_nandc_en 
hclk_nandc clock gating control. 
When high, disable clock 

 
CRU_GATE_CON10 
Address: Operational Base + offset (0x0328) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_usb3otg1_pipe_en 
clk_usb3otg1_pipe_dft clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_usb3otg1_suspend_en 
clk_usb3otg1_suspend clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_usb3otg1_ref_en 
clk_usb3otg1_ref clock gating control. 
When high, disable clock 

12 RW 0x0 
aclk_usb3otg1_en 
aclk_usb3otg1 clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_usb3otg0_pipe_en 
clk_usb3otg0_pipe_dft clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_usb3otg0_suspend_en 
clk_usb3otg0_suspend clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_usb3otg0_ref_en 
clk_usb3otg0_ref clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_usb3otg0_en 
aclk_usb3otg0 clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

7 RW 0x0 
pclk_pipe_grf_en 
pclk_pipe_grf clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_xpcs_tx_div10_en 
clk_xpcs_tx_div10 clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_xpcs_rx_div10_en 
clk_xpcs_rx_div10 clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_xpcs_eee_en 
clk_xpcs_eee clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_pipe_biu_en 
pclk_pipe_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_pipe_biu_en 
aclk_pipe_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
pclk_pipe_en 
pclk_pipe clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_pipe_en 
aclk_pipe clock gating control. 
When high, disable clock 

 
CRU_GATE_CON11 
Address: Operational Base + offset (0x032C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11 RW 0x0 
clk_sata2_pipe_en 
clk_sata2_pipe_dft clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_sata2_rxoob_en 
clk_sata2_rxoob clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_sata2_pmalive_en 
clk_sata2_pmalive clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_sata2_en 
aclk_sata2 clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_sata1_pipe_en 
clk_sata1_pipe_dft clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_sata1_rxoob_en 
clk_sata1_rxoob clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_sata1_pmalive_en 
clk_sata1_pmalive clock gating control. 
When high, disable clock 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  92 

Bit Attr Reset Value Description 

4 RW 0x0 
aclk_sata1_en 
aclk_sata1 clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_sata0_pipe_en 
clk_sata0_pipe_dft clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_sata0_rxoob_en 
clk_sata0_rxoob clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_sata0_pmalive_en 
clk_sata0_pmalive clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_sata0_en 
aclk_sata0 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON12 
Address: Operational Base + offset (0x0330) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
clk_pcie30x1_pipe_en 
clk_pcie30x1_pipe_dft clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_pcie30x1_aux_en 
clk_pcie30x1_aux_ndft clock gating control. 
When high, disable clock 

11 RW 0x0 
pclk_pcie30x1_en 
pclk_pcie30x1 clock gating control. 
When high, disable clock 

10 RW 0x0 
aclk_pcie30x1_dbi_en 
aclk_pcie30x1_dbi clock gating control. 
When high, disable clock 

9 RW 0x0 
aclk_pcie30x1_slv_en 
aclk_pcie30x1_slv clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_pcie30x1_mst_en 
aclk_pcie30x1_mst clock gating control. 
When high, disable clock 

7:6 RO 0x0 reserved 

5 RW 0x0 
clk_pcie20_pipe_en 
clk_pcie20_pipe_dft clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_pcie20_aux_en 
clk_pcie20_aux_ndft clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_pcie20_en 
pclk_pcie20 clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_pcie20_dbi_en 
aclk_pcie20_dbi clock gating control. 
When high, disable clock 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  93 

Bit Attr Reset Value Description 

1 RW 0x0 
aclk_pcie20_slv_en 
aclk_pcie20_slv clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_pcie20_mst_en 
aclk_pcie20_mst clock gating control. 
When high, disable clock 

 
CRU_GATE_CON13 
Address: Operational Base + offset (0x0334) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_xpcs_mii1_rx_en 
clk_xpcs_mii1_rx clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_xpcs_mii1_tx_en 
clk_xpcs_mii1_tx clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_xpcs_mii0_rx_en 
clk_xpcs_mii0_rx clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_xpcs_mii0_tx_en 
clk_xpcs_mii0_tx clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_xpcs_xgxs_rx_en 
clk_xpcs_xgxs_rx clock gating control. 
When high, disable clock 

10 RO 0x0 reserved 

9 RW 0x0 
clk_xpcs_xgxs_tx_en 
clk_xpcs_xgxs_tx clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_xpcs_qsgmii_rx_en 
clk_xpcs_qsgmii_rx clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_xpcs_qsgmii_tx_en 
clk_xpcs_qsgmii_tx clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_xpcs_en 
pclk_xpcs clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_pcie30x2_pipe_en 
clk_pcie30x2_pipe_dft clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_pcie30x2_aux_en 
clk_pcie30x2_aux_ndft clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_pcie30x2_en 
pclk_pcie30x2 clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_pcie30x2_dbi_en 
aclk_pcie30x2_dbi clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

1 RW 0x0 
aclk_pcie30x2_slv_en 
aclk_pcie30x2_slv clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_pcie30x2_mst_en 
aclk_pcie30x2_mst clock gating control. 
When high, disable clock 

 
CRU_GATE_CON14 
Address: Operational Base + offset (0x0338) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
pclk_php_biu_en 
pclk_php_biu clock gating control. 
When high, disable clock 

12 RW 0x0 
hclk_php_biu_en 
hclk_php_biu clock gating control. 
When high, disable clock 

11 RW 0x0 
aclk_php_biu_en 
aclk_php_biu clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_php_en 
pclk_php clock gating control. 
When high, disable clock 

9 RW 0x0 
hclk_php_en 
hclk_php clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_php_en 
aclk_php clock gating control. 
When high, disable clock 

7:4 RO 0x0 reserved 

3 RW 0x0 
hclk_perimid_biu_en 
hclk_perimid_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_perimid_biu_en 
aclk_perimid_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_perimid_en 
hclk_perimid clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_perimid_en 
aclk_perimid clock gating control. 
When high, disable clock 

 
CRU_GATE_CON15 
Address: Operational Base + offset (0x033C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
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Bit Attr Reset Value Description 

12 RW 0x0 
clk_mac0_refout_en 
clk_mac0_refout clock gating control. 
When high, disable clock 

11:9 RO 0x0 reserved 

8 RW 0x0 
clk_mac0_out_en 
clk_mac0_out clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_mac0_2top_en 
clk_mac0_2top clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_gmac0_en 
pclk_gmac0 clock gating control. 
When high, disable clock 

5 RW 0x0 
aclk_gmac0_en 
aclk_gmac0 clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_gmac0_ptp_ref_en 
clk_gmac0_ptp_ref clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_sdmmc1_en 
clk_sdmmc1 clock gating control. 
When high, disable clock 

2 RW 0x0 
hclk_sdmmc1_en 
hclk_sdmmc1 clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_sdmmc0_en 
clk_sdmmc0 clock gating control. 
When high, disable clock 

0 RW 0x0 
hclk_sdmmc0_en 
hclk_sdmmc0 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON16 
Address: Operational Base + offset (0x0340) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
hclk_usb2host1_arb_en 
hclk_usb2host1_arb clock gating control. 
When high, disable clock 

14 RW 0x0 
hclk_usb2host1_en 
hclk_usb2host1 clock gating control. 
When high, disable clock 

13 RW 0x0 
hclk_usb2host0_arb_en 
hclk_usb2host0_arb clock gating control. 
When high, disable clock 

12 RW 0x0 
hclk_usb2host0_en 
hclk_usb2host0 clock gating control. 
When high, disable clock 

11:7 RO 0x00 reserved 

6 RW 0x0 
pclk_usb_grf_en 
pclk_usb_grf_en clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

5 RW 0x0 
pclk_usb_biu_en 
pclk_usb_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
hclk_usb_biu_en 
hclk_usn_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_usb_biu_en 
aclk_usb_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_usb_en 
pclk_usb clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_usb_en 
hclk_usb clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_usb_en 
aclk_usb clock gating control. 
When high, disable clock 

 
CRU_GATE_CON17 
Address: Operational Base + offset (0x0344) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 

10 RW 0x0 
clk_mac1_refout_en 
clk_mac1_refout clock gating control. 
When high, disable clock 

9:7 RO 0x0 reserved 

6 RW 0x0 
clk_mac1_out_en 
clk_mac1_out clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_mac1_2top_en 
clk_mac1_2top clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_gmac1_en 
pclk_gmac1 clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_gmac1_en 
aclk_gmac1 clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_gmac1_ptp_ref_en 
clk_gmac1_ptp_ref clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_sdmmc2_en 
clk_sdmmc2 clock gating control. 
When high, disable clock 

0 RW 0x0 
hclk_sdmmc2_en 
hclk_sdmmc2 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON18 
Address: Operational Base + offset (0x0348) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11 RW 0x0 
dclk_vicap1_en 
dclk_vicap1 clock gating control. 
When high, disable clock 

10 RW 0x0 
hclk_vicap1_en 
hclk_vicap1 clock gating control. 
When high, disable clock 

9 RW 0x0 
aclk_vicap1_en 
aclk_vicap1 clock gating control. 
When high, disable clock 

8:6 RO 0x0 reserved 

5 RW 0x0 
pclk_vi_biu_en 
pclk_vi_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
hclk_vi_biu_en 
hclk_vi_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_vi_biu_en 
aclk_vi_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_vi_en 
pclk_vi clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_vi_en 
hclk_vi clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_vi_en 
aclk_vi clock gating control. 
When high, disable clock 

 
CRU_GATE_CON19 
Address: Operational Base + offset (0x034C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 

10 RW 0x0 
clk_cam1_out_en 
clk_cam1_out clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_cam0_out_en 
clk_cam0_out clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_cif_out_en 
clk_cif_out clock gating control. 
When high, disable clock 

7:5 RO 0x0 reserved 

4 RW 0x0 
pclk_csi2host1_en 
pclk_csi2host1 clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 
3 RO 0x0 reserved 

2 RW 0x0 
clk_isp_en 
clk_isp clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_isp_en 
hclk_isp clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_isp_en 
aclk_isp clock gating control. 
When high, disable clock 

 
CRU_GATE_CON20 
Address: Operational Base + offset (0x0350) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
clk_vop_pwm_en 
clk_vop_pwm clock gating control. 
When high, disable clock 

12 RW 0x0 
dclk2_vop_en 
dclk2_vop clock gating control. 
When high, disable clock 

11 RW 0x0 
dclk1_vop_en 
dclk1_vop clock gating control. 
When high, disable clock 

10 RW 0x0 
dclk0_vop_en 
dclk0_vop clock gating control. 
When high, disable clock 

9 RW 0x0 
hclk_vop_en 
hclk_vop clock gating control. 
When high, disable clock 

8 RW 0x0 
aclk_vop_en 
aclk_vop clock gating control. 
When high, disable clock 

7 RW 0x0 
aclk_vop_biu_en 
aclk_vop_biu clock gating control. 
When high, disable clock 

6 RW 0x0 
aclk_vop_pre_en 
aclk_vop_pre clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_vo_biu_en 
pclk_vo_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
hclk_vo_biu_en 
hclk_vo_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_vo_biu_en 
aclk_vo_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_vo_en 
pclk_vo clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

1 RW 0x0 
hclk_vo_en 
hclk_vo clock gating control. 
When high, disable clock 

0 RO 0x0 reserved 
 
CRU_GATE_CON21 
Address: Operational Base + offset (0x0354) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 

9 RW 0x0 
clk_edp_200m_en 
clk_edp_200m clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_edp_ctrl_en 
pclk_edp_ctrl clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_dsitx_1_en 
pclk_dsitx_1 clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_dsitx_0_en 
pclk_dsitx_0 clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_hdmi_cec_en 
clk_hdmi_cec clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_hdmi_sfr_en 
clk_hdmi_sfr clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_hdmi_host_en 
pclk_hdmi_host clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_hdcp_en 
pclk_hdcp clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_hdcp_en 
hclk_hdcp clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_hdcp_en 
aclk_hdcp clock gating control. 
When high, disable clock 

 
CRU_GATE_CON22 
Address: Operational Base + offset (0x0358) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
hclk_eink_en 
hclk_eink clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

14 RW 0x0 
pclk_eink_en 
pclk_eink clock gating control. 
When high, disable clock 

13 RW 0x0 
pclk_rga_biu_en 
pclk_rga_biu clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_rga_pre_en 
pclk_rga_pre clock gating control. 
When high, disable clock 

11:6 RO 0x00 reserved 

5 RW 0x0 
hclk_vpu_en 
hclk_vpu clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_vpu_en 
aclk_vpu clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_vpu_biu_en 
hclk_vpu_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_vpu_biu_en 
aclk_vpu_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_vpu_pre_en 
hclk_vpu_pre clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_vpu_pre_en 
aclk_vpu_pre clock gating control. 
When high, disable clock 

 
CRU_GATE_CON23 
Address: Operational Base + offset (0x035C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
hclk_jenc_en 
hclk_jenc clock gating control. 
When high, disable clock 

14 RW 0x0 
aclk_jenc_en 
aclk_jenc clock gating control. 
When high, disable clock 

13 RW 0x0 
hclk_jdec_en 
hclk_jdec clock gating control. 
When high, disable clock 

12 RW 0x0 
aclk_jdec_en 
aclk_jdec clock gating control. 
When high, disable clock 

11 RW 0x0 
dclk_ebc_en 
dclk_ebc clock gating control. 
When high, disable clock 

10 RW 0x0 
hclk_ebc_en 
hclk_ebc clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

9 RW 0x0 
clk_iep_core_en 
clk_iep_core clock gating control. 
When high, disable clock 

8 RW 0x0 
hclk_iep_en 
hclk_iep clock gating control. 
When high, disable clock 

7 RW 0x0 
aclk_iep_en 
aclk_iep clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_rga_core_en 
clk_rga_core clock gating control. 
When high, disable clock 

5 RW 0x0 
hclk_rga_en 
hclk_rga clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_rga_en 
aclk_rga clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_rga_biu_en 
hclk_rga_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_rga_biu_en 
aclk_rga_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_rga_pre_en 
hclk_rga_pre clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_rga_pre_en 
aclk_rga_pre clock gating control. 
When high, disable clock 

 
CRU_GATE_CON24 
Address: Operational Base + offset (0x0360) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:9 RO 0x00 reserved 

8 RW 0x0 
clk_rkvenc_core_en 
clk_rkvenc_core clock gating control. 
When high, disable clock 

7 RW 0x0 
hclk_rkvenc_en 
hclk_rkvenc clock gating control. 
When high, disable clock 

6 RW 0x0 
aclk_rkvenc_en 
aclk_rkvenc clock gating control. 
When high, disable clock 

5 RO 0x0 reserved 

4 RW 0x0 
hclk_rkvenc_biu_en 
hclk_rkvenc_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_rkvenc_biu_en 
aclk_rkvenc_biu clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 
2 RO 0x0 reserved 

1 RW 0x0 
hclk_rkvenc_pre_en 
hclk_rkvenc_pre clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_rkvenc_pre_en 
aclk_rkvenc_pre clock gating control. 
When high, disable clock 

 
CRU_GATE_CON25 
Address: Operational Base + offset (0x0364) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:9 RO 0x00 reserved 

8 RW 0x0 
clk_rkvdec_hevc_ca_en 
clk_rkvdec_hevc_ca clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_rkvdec_core_en 
clk_rkvdec_core clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_rkvdec_ca_en 
clk_rkvdec_ca clock gating control. 
When high, disable clock 

5 RW 0x0 
hclk_rkvdec_en 
hclk_rkvdec clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_rkvdec_en 
aclk_rkvdec clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_rkvdec_biu_en 
hclk_rkvdec_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_rkvdec_biu_en 
aclk_rkvdec_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_rkvdec_pre_en 
hclk_rkvdec_pre clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_rkvdec_pre_en 
aclk_rkvdec_pre clock gating control. 
When high, disable clock 

 
CRU_GATE_CON26 
Address: Operational Base + offset (0x0368) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 

14 RW 0x0 
tclk_wdt_ns_en 
tclk_wdt_ns clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

13 RW 0x0 
pclk_wdt_ns_en 
pclk_wdt_ns clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_scr_en 
pclk_scr clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_otpc_ns_usr_en 
clk_otpc_ns_usr clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_otpc_ns_sbpi_en 
clk_otpc_ns_sbpi clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_otpc_ns_en 
pclk_otpc_ns clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_saradc_en 
clk_saradc clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_saradc_en 
pclk_saradc clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_tsadc_en 
clk_tsadc clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_tsadc_tsen_en 
clk_tsadc_tsen clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_tsadc_en 
pclk_tsadc clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_bus_biu_en 
pclk_bus_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
aclk_bus_biu_en 
aclk_bus_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
pclk_bus_en 
pclk_bus clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_bus_en 
aclk_bus clock gating control. 
When high, disable clock 

 
CRU_GATE_CON27 
Address: Operational Base + offset (0x036C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
sclk_uart1_en 
sclk_uart1 clock gating control. 
When high, disable clock 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  104 

Bit Attr Reset Value Description 

14 RW 0x0 
clk_uart1_frac_en 
clk_uart1_frac clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_uart1_en 
clk_uart1_src clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_uart1_en 
pclk_uart1 clock gating control. 
When high, disable clock 

11 RO 0x0 reserved 

10 RW 0x0 
clk_can2_en 
clk_can2 clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_can2_en 
pclk_can2 clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_can1_en 
clk_can1 clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_can1_en 
pclk_can1 clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_can0_en 
clk_can0 clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_can0_en 
pclk_can0 clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_dft2apb_en 
pclk_dft2apb clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_grf_vccio567_en 
pclk_grf_vccio567 clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_grf_vccio34_en 
pclk_grf_vccio34 clock gating control. 
When high, disable clock 

1 RW 0x0 
pclk_grf_vccio12_en 
pclk_grf_vccio12 clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_grf_en 
pclk_grf clock gating control. 
When high, disable clock 

 
CRU_GATE_CON28 
Address: Operational Base + offset (0x0370) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
sclk_uart5_en 
sclk_uart5 clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

14 RW 0x0 
clk_uart5_frac_en 
clk_uart5_frac clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_uart5_en 
clk_uart5_src clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_uart5_en 
pclk_uart5 clock gating control. 
When high, disable clock 

11 RW 0x0 
sclk_uart4_en 
sclk_uart4 clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_uart4_frac_en 
clk_uart4_frac clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_uart4_en 
clk_uart4_src clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_uart4_en 
pclk_uart4 clock gating control. 
When high, disable clock 

7 RW 0x0 
sclk_uart3_en 
sclk_uart3 clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_uart3_frac_en 
clk_uart3_frac clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_uart3_en 
clk_uart3_src clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_uart3_en 
pclk_uart3 clock gating control. 
When high, disable clock 

3 RW 0x0 
sclk_uart2_en 
sclk_uart2 clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_uart2_frac_en 
clk_uart2_frac clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_uart2_en 
clk_uart2_src clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_uart2_en 
pclk_uart2 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON29 
Address: Operational Base + offset (0x0374) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 

15 RW 0x0 
sclk_uart9_en 
sclk_uart9 clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_uart9_frac_en 
clk_uart9_frac clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_uart9_en 
clk_uart9_src clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_uart9_en 
pclk_uart9 clock gating control. 
When high, disable clock 

11 RW 0x0 
sclk_uart8_en 
sclk_uart8 clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_uart8_frac_en 
clk_uart8_frac clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_uart8_en 
clk_uart8_src clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_uart8_en 
pclk_uart8 clock gating control. 
When high, disable clock 

7 RW 0x0 
sclk_uart7_en 
sclk_uart7 clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_uart7_frac_en 
clk_uart7_frac clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_uart7_en 
clk_uart7_src clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_uart7_en 
pclk_uart7 clock gating control. 
When high, disable clock 

3 RW 0x0 
sclk_uart6_en 
sclk_uart6 clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_uart6_frac_en 
clk_uart6_frac clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_uart6_en 
clk_uart6_src clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_uart6_en 
pclk_uart6 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON30 
Address: Operational Base + offset (0x0378) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_spi2_en 
clk_spi2 clock gating control. 
When high, disable clock 

14 RW 0x0 
pclk_spi2_en 
pclk_spi2 clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_spi1_en 
clk_spi1 clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_spi1_en 
pclk_spi1 clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_spi0_en 
clk_spi0 clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_spi0_en 
pclk_spi0 clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_i2c5_en 
clk_i2c5 clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_i2c5_en 
pclk_i2c5 clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_i2c4_en 
clk_i2c4 clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_i2c4_en 
pclk_i2c4 clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_i2c3_en 
clk_i2c3 clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_i2c3_en 
pclk_i2c3 clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_i2c2_en 
clk_i2c2 clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_i2c2_en 
pclk_i2c2 clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_i2c1_en 
clk_i2c1 clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_i2c1_en 
pclk_i2c1 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON31 
Address: Operational Base + offset (0x037C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_pwm2_capture_en 
clk_pwm2_capture clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_pwm2_en 
clk_pwm2 clock gating control. 
When high, disable clock 

13 RW 0x0 
pclk_pwm2_en 
pclk_pwm2 clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_pwm1_capture_en 
clk_pwm1_capture clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_pwm1_en 
clk_pwm1 clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_pwm1_en 
pclk_pwm1 clock gating control. 
When high, disable clock 

9 RW 0x0 
dbclk_gpio4_en 
dbclk_gpio4 clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_gpio4_en 
pclk_gpio4 clock gating control. 
When high, disable clock 

7 RW 0x0 
dbclk_gpio3_en 
dbclk_gpio3 clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_gpio3_en 
pclk_gpio3 clock gating control. 
When high, disable clock 

5 RW 0x0 
dbclk_gpio2_en 
dbclk_gpio2 clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_gpio2_en 
pclk_gpio2 clock gating control. 
When high, disable clock 

3 RW 0x0 
dbclk_gpio1_en 
dbclk_gpio1 clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_gpio1_en 
pclk_gpio1 clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_spi3_en 
clk_spi3 clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_spi3_en 
pclk_spi3 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON32 
Address: Operational Base + offset (0x0380) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
pclk_mailbox_en 
pclk_mailbox clock gating control. 
When high, disable clock 

14 RW 0x0 
pclk_intmux_en 
pclk_intmux clock gating control. 
When high, disable clock 

13 RW 0x0 
aclk_mcu_en 
aclk_mcu clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_timer_en 
clk_timer clock gating control. 
When high, disable clock 

11 RW 0x0 
dbclk_gpio_en 
dbclk_gpio clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_i2c_en 
clk_i2c clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_timer5_en 
clk_timer5 clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_timer4_en 
clk_timer4 clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_timer3_en 
clk_timer3 clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_timer2_en 
clk_timer2 clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_timer1_en 
clk_timer1 clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_timer0_en 
clk_timer0 clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_timer_en 
pclk_timer clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_pwm3_capture_en 
clk_pwm3_capture clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_pwm3_en 
clk_pwm3 clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_pwm3_en 
pclk_pwm3 clock gating control. 
When high, disable clock 

 
CRU_GATE_CON33 
Address: Operational Base + offset (0x0384) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
pclk_mipidsiphy1_en 
pclk_mipidsiphy1 clock gating control. 
When high, disable clock 

14 RW 0x0 
pclk_mipidsiphy0_en 
pclk_mipidsiphy0 clock gating control. 
When high, disable clock 

13 RW 0x0 
pclk_mipicsiphy_en 
pclk_mipicsiphy clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_top_cru_en 
pclk_top_cru clock gating control. 
When high, disable clock 

11:10 RO 0x0 reserved 

9 RW 0x0 
clk_otpc_arb_en 
clk_otpc_arb clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_pcie30phy_en 
pclk_pcie30phy clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_top_biu_en 
pclk_top_biu clock gating control. 
When high, disable clock 

6 RW 0x0 
hclk_top_biu_en 
hclk_top_biu clock gating control. 
When high, disable clock 

5 RW 0x0 
aclk_top_low_biu_en 
aclk_top_low_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
aclk_top_high_biu_en 
aclk_top_high_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_top_en 
pclk_top clock gating control. 
When high, disable clock 

2 RW 0x0 
hclk_top_en 
hclk_top clock gating control. 
When high, disable clock 

1 RW 0x0 
aclk_top_low_en 
aclk_top_low clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_top_high_en 
aclk_top_high clock gating control. 
When high, disable clock 

 
CRU_GATE_CON34 
Address: Operational Base + offset (0x0388) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  111 

Bit Attr Reset Value Description 

15 RW 0x0 
clk_testout_en 
clk_testout clock gating control. 
When high, disable clock 

14 RW 0x0 
pclk_edpphy_grf_en 
pclk_edpphy_grf clock gating control. 
When high, disable clock 

13 RW 0x0 
pclk_otpphy_en 
pclk_otpphy clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_cpu_boost_en 
clk_cpu_boost clock gating control. 
When high, disable clock 

11 RW 0x0 
pclk_cpu_boost_en 
pclk_cpu_boost clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_ddrphy_en 
clk_ddrphy clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_ddrphy_en 
pclk_ddrphy clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_usb2phy1_grf_en 
pclk_usb2phy1_grf clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_usb2phy0_grf_en 
pclk_usb2phy0_grf clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_pipephy2_en 
pclk_pipephy2 clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_pipephy1_en 
pclk_pipephy1 clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_pipephy0_en 
pclk_pipephy0 clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_asb2apb_chip_bottom_en 
pclk_asb2apb_chip_bottom clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_asb2apb_chip_left_en 
pclk_asb2apb_chip_left clock gating control. 
When high, disable clock 

1 RW 0x0 
pclk_apb2asb_chip_bottom_en 
pclk_apb2asb_chip_bottom clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_apb2asb_chip_left_en 
pclk_apb2asb_chip_left clock gating control. 
When high, disable clock 

 
CRU_GATE_CON35 
Address: Operational Base + offset (0x038C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_osc0_div_750k_en 
clk_osc0_div_750k clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_cpll_div_25m_en 
clk_cpll_div_25m clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_cpll_div_50m_en 
clk_cpll_div_50m clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_cpll_div_62p5_en 
clk_cpll_div_62p5 clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_cpll_div_100m_en 
clk_cpll_div_100m clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_cpll_div_125m_en 
clk_cpll_div_125m clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_cpll_div_250m_en 
clk_cpll_div_250m clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_cpll_div_333m_en 
clk_cpll_div_333m clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_cpll_div_500m_en 
clk_cpll_div_500m clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_gpll_div_20m_en 
clk_gpll_div_20m clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_gpll_div_75m_en 
clk_gpll_div_75m clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_gpll_div_100m_en 
clk_gpll_div_100m clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_gpll_div_150m_en 
clk_gpll_div_150m clock gating control. 
When high, disable clock 

2 RW 0x0 
clk_gpll_div_200m_en 
clk_gpll_div_200m clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_gpll_div_300m_en 
clk_gpll_div_300m clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_gpll_div_400m_en 
clk_gpll_div_400m clock gating control. 
When high, disable clock 

 
CRU_SOFTRST_CON00 
Address: Operational Base + offset (0x0400) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13 RW 0x0 nperiphreset 

When high, reset relative logic 
12 RW 0x0 npreset 

When high, reset relative logic 
11 RW 0x0 ngicreset 

When high, reset relative logic 
10 RW 0x0 natreset 

When high, reset relative logic 
9 RW 0x0 nsporeset 

When high, reset relative logic 
8 RW 0x0 nsreset 

When high, reset relative logic 
7 RW 0x0 ncpuporeset3 

When high, reset relative logic 
6 RW 0x0 ncpuporeset2 

When high, reset relative logic 
5 RW 0x0 ncpuporeset1 

When high, reset relative logic 
4 RW 0x0 ncpuporeset0 

When high, reset relative logic 
3 RW 0x0 ncorereset3 

When high, reset relative logic 
2 RW 0x0 ncorereset2 

When high, reset relative logic 
1 RW 0x0 ncorereset1 

When high, reset relative logic 
0 RW 0x0 ncorereset0 

When high, reset relative logic 
 
CRU_SOFTRST_CON01 
Address: Operational Base + offset (0x0404) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 resetn_core_pvtpll 

When high, reset relative logic 
10 RW 0x0 resetn_core_pvtm 

When high, reset relative logic 
9 RW 0x0 presetn_core_pvtm 

When high, reset relative logic 
8 RW 0x0 presetn_core_grf 

When high, reset relative logic 
7 RW 0x0 aresetn_adb400_gic2core 

When high, reset relative logic 
6 RW 0x0 aresetn_adb400_core2gic 

When high, reset relative logic 
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Bit Attr Reset Value Description 
5 RW 0x0 resetn_dap 

When high, reset relative logic 
4 RW 0x0 presetn_dbg_daplite 

When high, reset relative logic 
3 RW 0x0 presetn_dbg 

When high, reset relative logic 
2 RW 0x0 presetn_dbg_biu 

When high, reset relative logic 
1 RW 0x0 aresetn_core_biu2bus 

When high, reset relative logic 
0 RW 0x0 aresetn_core_biu2ddr 

When high, reset relative logic 
 
CRU_SOFTRST_CON02 
Address: Operational Base + offset (0x0408) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 resetn_npu_pvtpll 
When high, reset relative logic 

14 RW 0x0 resetn_npu_pvtm 
When high, reset relative logic 

13 RW 0x0 presetn_npu_pvtm 
When high, reset relative logic 

12 RW 0x0 hresetn_npu 
When high, reset relative logic 

11 RW 0x0 aresetn_npu 
When high, reset relative logic 

10 RW 0x0 presetn_npu_biu 
When high, reset relative logic 

9 RW 0x0 hresetn_npu_biu 
When high, reset relative logic 

8 RW 0x0 aresetn_npu_biu 
When high, reset relative logic 

7:6 RO 0x0 reserved 
5 RW 0x0 resetn_gpu_pvtpll 

When high, reset relative logic 
4 RW 0x0 resetn_gpu_pvtm 

When high, reset relative logic 
3 RW 0x0 presetn_gpu_pvtm 

When high, reset relative logic 
2 RW 0x0 presetn_gpu_biu 

When high, reset relative logic 
1 RW 0x0 aresetn_gpu_biu 

When high, reset relative logic 
0 RW 0x0 resetn_gpu 

When high, reset relative logic 
 
CRU_SOFTRST_CON03 
Address: Operational Base + offset (0x040C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 
9 RW 0x0 aresetn_dma2ddr 

When high, reset relative logic 
8 RO 0x0 reserved 
7 RW 0x0 resetn_ddrdfi_ctl 

When high, reset relative logic 
6 RW 0x0 aresetn_ddrsplit 

When high, reset relative logic 
5 RW 0x0 resetn_ddr_alwayson 

When high, reset relative logic 
4 RW 0x0 resetn_hwffc_ctrl 

When high, reset relative logic 
3 RW 0x0 aresetn_msch 

When high, reset relative logic 
2:0 RO 0x0 reserved 
 
CRU_SOFTRST_CON04 
Address: Operational Base + offset (0x0410) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 
14 RW 0x0 hresetn_i2s3_2ch 

When high, reset relative logic 
13 RW 0x0 hresetn_i2s2_2ch 

When high, reset relative logic 
12 RW 0x0 hresetn_i2s1_8ch 

When high, reset relative logic 
11 RW 0x0 hresetn_i2s0_8ch 

When high, reset relative logic 
10 RW 0x0 dresetn_sdmmc_buffer 

When high, reset relative logic 
9 RW 0x0 hresetn_sdmmc_buffer 

When high, reset relative logic 
8 RW 0x0 aresetn_spinlock 

When high, reset relative logic 
7 RW 0x0 aresetn_gicadb_gic2core 

When high, reset relative logic 
6 RW 0x0 aresetn_gicadb_core2gic 

When high, reset relative logic 
5 RW 0x0 aresetn_gic600_debug 

When high, reset relative logic 
4 RW 0x0 aresetn_gic600 

When high, reset relative logic 
3 RW 0x0 hresetn_gic_audio_biu 

When high, reset relative logic 
2 RW 0x0 aresetn_gic_audio_biu 

When high, reset relative logic 
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Bit Attr Reset Value Description 
1 RW 0x0 hresetn_perimid_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_perimid_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON05 
Address: Operational Base + offset (0x0414) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 resetn_acdcdig 
When high, reset relative logic 

14 RW 0x0 hresetn_acdcdig 
When high, reset relative logic 

13 RW 0x0 sresetn_audpwm 
When high, reset relative logic 

12 RW 0x0 hresetn_audpwm 
When high, reset relative logic 

11 RW 0x0 mresetn_spdif_8ch 
When high, reset relative logic 

10 RW 0x0 hresetn_spdif_8ch 
When high, reset relative logic 

9 RW 0x0 hresetn_vad 
When high, reset relative logic 

8 RW 0x0 mresetn_pdm 
When high, reset relative logic 

7 RW 0x0 hresetn_pdm 
When high, reset relative logic 

6 RW 0x0 mresetn_i2s3_2ch_rx 
When high, reset relative logic 

5 RW 0x0 mresetn_i2s3_2ch_tx 
When high, reset relative logic 

4 RW 0x0 mresetn_i2s2_2ch 
When high, reset relative logic 

3 RW 0x0 mresetn_i2s1_8ch_rx 
When high, reset relative logic 

2 RW 0x0 mresetn_i2s1_8ch_tx 
When high, reset relative logic 

1 RW 0x0 mresetn_i2s0_8ch_rx 
When high, reset relative logic 

0 RW 0x0 mresetn_i2s0_8ch_tx 
When high, reset relative logic 

 
CRU_SOFTRST_CON06 
Address: Operational Base + offset (0x0418) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
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Bit Attr Reset Value Description 
13 RW 0x0 resetn_trng_ns 

When high, reset relative logic 
12 RW 0x0 hresetn_trng_ns 

When high, reset relative logic 
11 RW 0x0 resetn_crypto_ns_rng 

When high, reset relative logic 
10 RW 0x0 resetn_crypto_ns_pka 

When high, reset relative logic 
9 RW 0x0 resetn_crypto_ns_core 

When high, reset relative logic 
8 RW 0x0 hresetn_crypto_ns 

When high, reset relative logic 
7 RW 0x0 aresetn_crypto_ns 

When high, reset relative logic 
6:2 RO 0x00 reserved 
1 RW 0x0 hresetn_secure_flash_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_secure_flash_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON07 
Address: Operational Base + offset (0x041C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 
9 RW 0x0 tresetn_emmc 

When high, reset relative logic 
8 RW 0x0 cresetn_emmc 

When high, reset relative logic 
7 RW 0x0 bresetn_emmc 

When high, reset relative logic 
6 RW 0x0 hresetn_emmc 

When high, reset relative logic 
5 RW 0x0 aresetn_emmc 

When high, reset relative logic 
4 RW 0x0 sresetn_sfc 

When high, reset relative logic 
3 RW 0x0 hresetn_sfc_xip 

When high, reset relative logic 
2 RW 0x0 hresetn_sfc 

When high, reset relative logic 
1 RW 0x0 nresetn_nandc 

When high, reset relative logic 
0 RW 0x0 hresetn_nandc 

When high, reset relative logic 
 
CRU_SOFTRST_CON08 
Address: Operational Base + offset (0x0420) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13 RW 0x0 resetn_sata1_rxoob 

When high, reset relative logic 
12 RW 0x0 resetn_sata1_pmalive 

When high, reset relative logic 
11 RW 0x0 resetn_sata1_pipe 

When high, reset relative logic 
10 RW 0x0 aresetn_sata1 

When high, reset relative logic 
9 RW 0x0 resetn_sata0_rxoob 

When high, reset relative logic 
8 RW 0x0 resetn_sata0_pmalive 

When high, reset relative logic 
7 RW 0x0 resetn_sata0_pipe 

When high, reset relative logic 
6 RW 0x0 aresetn_sata0 

When high, reset relative logic 
5 RW 0x0 presetn_pipe_grf 

When high, reset relative logic 
4:3 RO 0x0 reserved 
2 RW 0x0 presetn_pipe_biu 

When high, reset relative logic 
1 RO 0x0 reserved 
0 RW 0x0 aresetn_pipe_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON09 
Address: Operational Base + offset (0x0424) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 
9 RW 0x0 resetn_xpcs_xgxs_rx 

When high, reset relative logic 
8 RW 0x0 resetn_xpcs_rx_div10 

When high, reset relative logic 
7 RW 0x0 resetn_xpcs_tx_div10 

When high, reset relative logic 
6 RW 0x0 resetn_xpcs 

When high, reset relative logic 
5 RW 0x0 resetn_usb3otg1 

When high, reset relative logic 
4 RW 0x0 resetn_usb3otg0 

When high, reset relative logic 
3 RW 0x0 resetn_sata2_rxoob 

When high, reset relative logic 
2 RW 0x0 resetn_sata2_pmalive 

When high, reset relative logic 
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Bit Attr Reset Value Description 
1 RW 0x0 resetn_sata2_pipe 

When high, reset relative logic 
0 RW 0x0 aresetn_sata2 

When high, reset relative logic 
 
CRU_SOFTRST_CON10 
Address: Operational Base + offset (0x0428) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 pwr_rst_pcie20_req 

When high, reset relative logic 
9 RW 0x0 sticky_rst_pcie20_req 

When high, reset relative logic 
8 RW 0x0 nsticky_rst_pcie20_req 

When high, reset relative logic 
7 RW 0x0 core_rst_pcie20_req 

When high, reset relative logic 
6 RW 0x0 perst_pcie20_req 

When high, reset relative logic 
5 RW 0x0 breset_pcie20_req 

When high, reset relative logic 
4 RW 0x0 dbi_areset_pcie20_req 

When high, reset relative logic 
3 RW 0x0 slv_areset_pcie20_req 

When high, reset relative logic 
2 RW 0x0 mstr_areset_pcie20_req 

When high, reset relative logic 
1 RW 0x0 resetn_pcie20_powerup_req 

When high, reset relative logic 
0 RW 0x0 presetn_pcie20 

When high, reset relative logic 
 
CRU_SOFTRST_CON11 
Address: Operational Base + offset (0x042C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 pwr_rst_pcie30x1_req 

When high, reset relative logic 
9 RW 0x0 sticky_rst_pcie30x1_req 

When high, reset relative logic 
8 RW 0x0 nsticky_rst_pcie30x1_req 

When high, reset relative logic 
7 RW 0x0 core_rst_pcie30x1_req 

When high, reset relative logic 
6 RW 0x0 perst_pcie30x1_req 

When high, reset relative logic 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  120 

Bit Attr Reset Value Description 
5 RW 0x0 breset_pcie30x1_req 

When high, reset relative logic 
4 RW 0x0 dbi_areset_pcie30x1_req 

When high, reset relative logic 
3 RW 0x0 slv_areset_pcie30x1_req 

When high, reset relative logic 
2 RW 0x0 mstr_areset_pcie30x1_req 

When high, reset relative logic 
1 RW 0x0 resetn_pcie30x1_powerup_req 

When high, reset relative logic 
0 RW 0x0 presetn_pcie30x1 

When high, reset relative logic 
 
CRU_SOFTRST_CON12 
Address: Operational Base + offset (0x0430) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 pwr_rst_pcie30x2_req 

When high, reset relative logic 
9 RW 0x0 sticky_rst_pcie30x2_req 

When high, reset relative logic 
8 RW 0x0 nsticky_rst_pcie30x2_req 

When high, reset relative logic 
7 RW 0x0 core_rst_pcie30x2_req 

When high, reset relative logic 
6 RW 0x0 perst_pcie30x2_req 

When high, reset relative logic 
5 RW 0x0 breset_pcie30x2_req 

When high, reset relative logic 
4 RW 0x0 dbi_areset_pcie30x2_req 

When high, reset relative logic 
3 RW 0x0 slv_areset_pcie30x2_req 

When high, reset relative logic 
2 RW 0x0 mstr_areset_pcie30x2_req 

When high, reset relative logic 
1 RW 0x0 resetn_pcie30x2_powerup_req 

When high, reset relative logic 
0 RW 0x0 presetn_pcie30x2 

When high, reset relative logic 
 
CRU_SOFTRST_CON13 
Address: Operational Base + offset (0x0434) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:9 RO 0x00 reserved 
8 RW 0x0 resetn_gmac0_timestamp 

When high, reset relative logic 
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Bit Attr Reset Value Description 
7 RW 0x0 aresetn_gmac0 

When high, reset relative logic 
6 RW 0x0 resetn_sdmmc1 

When high, reset relative logic 
5 RW 0x0 hresetn_sdmmc1 

When high, reset relative logic 
4 RW 0x0 resetn_sdmmc0 

When high, reset relative logic 
3 RW 0x0 hresetn_sdmmc0 

When high, reset relative logic 
2 RW 0x0 presetn_php_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_php_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_php_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON14 
Address: Operational Base + offset (0x0438) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13 RW 0x0 resetn_gmac1_timestamp 

When high, reset relative logic 
12 RW 0x0 aresetn_gmac1 

When high, reset relative logic 
11 RW 0x0 resetn_sdmmc2 

When high, reset relative logic 
10 RW 0x0 hresetn_sdmmc2 

When high, reset relative logic 
9 RW 0x0 resetn_usb2host1_utmi 

When high, reset relative logic 
8 RW 0x0 hresetn_usb2host1_arb 

When high, reset relative logic 
7 RW 0x0 hresetn_usb2host1 

When high, reset relative logic 
6 RW 0x0 resetn_usb2host0_utmi 

When high, reset relative logic 
5 RW 0x0 hresetn_usb2host0_arb 

When high, reset relative logic 
4 RW 0x0 hresetn_usb2host0 

When high, reset relative logic 
3 RW 0x0 presetn_usb_grf 

When high, reset relative logic 
2 RW 0x0 presetn_usb_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_usb_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_usb_biu 

When high, reset relative logic 
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CRU_SOFTRST_CON15 
Address: Operational Base + offset (0x043C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 presetn_csi2host1 
When high, reset relative logic 

14 RO 0x0 reserved 
13 RW 0x0 resetn_isp 

When high, reset relative logic 
12 RW 0x0 hresetn_isp 

When high, reset relative logic 
11 RW 0x0 presetn_vicap1 

When high, reset relative logic 
10 RW 0x0 iresetn_vicap1 

When high, reset relative logic 
9 RW 0x0 dresetn_vicap1 

When high, reset relative logic 
8 RW 0x0 hresetn_vicap1 

When high, reset relative logic 
7 RW 0x0 aresetn_vicap1 

When high, reset relative logic 
6:3 RO 0x0 reserved 
2 RW 0x0 presetn_vi_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_vi_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_vi_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON16 
Address: Operational Base + offset (0x0440) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 resetn_hdmi_host 
When high, reset relative logic 

14 RW 0x0 presetn_hdmi_host 
When high, reset relative logic 

13 RO 0x0 reserved 
12 RW 0x0 presetn_hdcp 

When high, reset relative logic 
11 RW 0x0 hresetn_hdcp 

When high, reset relative logic 
10 RW 0x0 aresetn_hdcp 

When high, reset relative logic 
9 RW 0x0 resetn_vop_pwm 

When high, reset relative logic 
8 RW 0x0 dresetn2_vop 

When high, reset relative logic 
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Bit Attr Reset Value Description 
7 RW 0x0 dresetn1_vop 

When high, reset relative logic 
6 RW 0x0 dresetn0_vop 

When high, reset relative logic 
5 RW 0x0 hresetn_vop 

When high, reset relative logic 
4 RW 0x0 aresetn_vop 

When high, reset relative logic 
3 RW 0x0 aresetn_vop_biu 

When high, reset relative logic 
2 RW 0x0 presetn_vo_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_vo_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_vo_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON17 
Address: Operational Base + offset (0x0444) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 presetn_eink 
When high, reset relative logic 

14 RW 0x0 hresetn_eink 
When high, reset relative logic 

13:12 RO 0x0 reserved 
11 RW 0x0 hresetn_vpu 

When high, reset relative logic 
10 RW 0x0 aresetn_vpu 

When high, reset relative logic 
9 RW 0x0 hresetn_vpu_biu 

When high, reset relative logic 
8 RW 0x0 aresetn_vpu_biu 

When high, reset relative logic 
7:4 RO 0x0 reserved 
3 RW 0x0 resetn_edp_24m 

When high, reset relative logic 
2 RW 0x0 presetn_edp_ctrl 

When high, reset relative logic 
1 RW 0x0 presetn_dsitx_1 

When high, reset relative logic 
0 RW 0x0 presetn_dsitx_0 

When high, reset relative logic 
 
CRU_SOFTRST_CON18 
Address: Operational Base + offset (0x0448) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 
15 RW 0x0 hresetn_jenc 

When high, reset relative logic 
14 RW 0x0 aresetn_jenc 

When high, reset relative logic 
13 RW 0x0 hresetn_jdec 

When high, reset relative logic 
12 RW 0x0 aresetn_jdec 

When high, reset relative logic 
11 RW 0x0 dresetn_ebc 

When high, reset relative logic 
10 RW 0x0 hresetn_ebc 

When high, reset relative logic 
9 RW 0x0 resetn_iep_core 

When high, reset relative logic 
8 RW 0x0 hresetn_iep 

When high, reset relative logic 
7 RW 0x0 aresetn_iep 

When high, reset relative logic 
6 RW 0x0 resetn_rga_core 

When high, reset relative logic 
5 RW 0x0 hresetn_rga 

When high, reset relative logic 
4 RW 0x0 aresetn_rga 

When high, reset relative logic 
3 RO 0x0 reserved 
2 RW 0x0 presetn_rga_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_rga_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_rga_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON19 
Address: Operational Base + offset (0x044C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:6 RO 0x000 reserved 
5 RW 0x0 resetn_rkvenc_core 

When high, reset relative logic 
4 RW 0x0 hresetn_rkvenc 

When high, reset relative logic 
3 RW 0x0 aresetn_rkvenc 

When high, reset relative logic 
2 RO 0x0 reserved 
1 RW 0x0 hresetn_venc_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_venc_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON20 
Address: Operational Base + offset (0x0450) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:7 RO 0x000 reserved 
6 RW 0x0 resetn_rkvdec_hevc_ca 

When high, reset relative logic 
5 RW 0x0 resetn_rkvdec_core 

When high, reset relative logic 
4 RW 0x0 resetn_rkvdec_ca 

When high, reset relative logic 
3 RW 0x0 hresetn_rkvdec 

When high, reset relative logic 
2 RW 0x0 aresetn_rkvdec 

When high, reset relative logic 
1 RW 0x0 hresetn_rkvdec_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_rkvdec_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON21 
Address: Operational Base + offset (0x0454) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 dbresetn_gpio3 
When high, reset relative logic 

14 RW 0x0 presetn_gpio3 
When high, reset relative logic 

13 RW 0x0 dbresetn_gpio2 
When high, reset relative logic 

12 RW 0x0 presetn_gpio2 
When high, reset relative logic 

11 RW 0x0 dbresetn_gpio1 
When high, reset relative logic 

10 RW 0x0 presetn_gpio1 
When high, reset relative logic 

9 RW 0x0 resetn_can2 
When high, reset relative logic 

8 RW 0x0 presetn_can2 
When high, reset relative logic 

7 RW 0x0 resetn_can1 
When high, reset relative logic 

6 RW 0x0 presetn_can1 
When high, reset relative logic 

5 RW 0x0 resetn_can0 
When high, reset relative logic 

4 RW 0x0 presetn_can0 
When high, reset relative logic 

3 RO 0x0 reserved 
2 RW 0x0 presetn_bus_biu 

When high, reset relative logic 
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Bit Attr Reset Value Description 
1 RO 0x0 reserved 
0 RW 0x0 aresetn_bus_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON22 
Address: Operational Base + offset (0x0458) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 
14 RW 0x0 resetn_otpc_ns_usr 

When high, reset relative logic 
13 RW 0x0 resetn_otpc_ns_sbpi 

When high, reset relative logic 
12 RW 0x0 presetn_otpc_ns 

When high, reset relative logic 
11 RW 0x0 resetn_i2c5 

When high, reset relative logic 
10 RW 0x0 presetn_i2c5 

When high, reset relative logic 
9 RW 0x0 resetn_i2c4 

When high, reset relative logic 
8 RW 0x0 presetn_i2c4 

When high, reset relative logic 
7 RW 0x0 resetn_i2c3 

When high, reset relative logic 
6 RW 0x0 presetn_i2c3 

When high, reset relative logic 
5 RW 0x0 resetn_i2c2 

When high, reset relative logic 
4 RW 0x0 presetn_i2c2 

When high, reset relative logic 
3 RW 0x0 resetn_i2c1 

When high, reset relative logic 
2 RW 0x0 presetn_i2c1 

When high, reset relative logic 
1 RW 0x0 dbresetn_gpio4 

When high, reset relative logic 
0 RW 0x0 presetn_gpio4 

When high, reset relative logic 
 
CRU_SOFTRST_CON23 
Address: Operational Base + offset (0x045C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 
13 RW 0x0 resetn_spi3 

When high, reset relative logic 
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Bit Attr Reset Value Description 
12 RW 0x0 presetn_spi3 

When high, reset relative logic 
11 RW 0x0 resetn_spi2 

When high, reset relative logic 
10 RW 0x0 presetn_spi2 

When high, reset relative logic 
9 RW 0x0 resetn_spi1 

When high, reset relative logic 
8 RW 0x0 presetn_spi1 

When high, reset relative logic 
7 RW 0x0 resetn_spi0 

When high, reset relative logic 
6 RW 0x0 presetn_spi0 

When high, reset relative logic 
5 RW 0x0 resetn_pwm3 

When high, reset relative logic 
4 RW 0x0 presetn_pwm3 

When high, reset relative logic 
3 RW 0x0 resetn_pwm2 

When high, reset relative logic 
2 RW 0x0 presetn_pwm2 

When high, reset relative logic 
1 RW 0x0 resetn_pwm1 

When high, reset relative logic 
0 RW 0x0 presetn_pwm1 

When high, reset relative logic 
 
CRU_SOFTRST_CON24 
Address: Operational Base + offset (0x0460) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 sresetn_uart1 

When high, reset relative logic 
10 RW 0x0 presetn_uart1 

When high, reset relative logic 
9 RW 0x0 resetn_timer5 

When high, reset relative logic 
8 RW 0x0 resetn_timer4 

When high, reset relative logic 
7 RW 0x0 resetn_timer3 

When high, reset relative logic 
6 RW 0x0 resetn_timer2 

When high, reset relative logic 
5 RW 0x0 resetn_timer1 

When high, reset relative logic 
4 RW 0x0 resetn_timer0 

When high, reset relative logic 
3 RW 0x0 presetn_timer 

When high, reset relative logic 
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Bit Attr Reset Value Description 
2 RW 0x0 resetn_tsadc 

When high, reset relative logic 
1 RW 0x0 presetn_tsadc 

When high, reset relative logic 
0 RW 0x0 presetn_saradc 

When high, reset relative logic 
 
CRU_SOFTRST_CON25 
Address: Operational Base + offset (0x0464) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 sresetn_uart9 
When high, reset relative logic 

14 RW 0x0 presetn_uart9 
When high, reset relative logic 

13 RW 0x0 sresetn_uart8 
When high, reset relative logic 

12 RW 0x0 presetn_uart8 
When high, reset relative logic 

11 RW 0x0 sresetn_uart7 
When high, reset relative logic 

10 RW 0x0 presetn_uart7 
When high, reset relative logic 

9 RW 0x0 sresetn_uart6 
When high, reset relative logic 

8 RW 0x0 presetn_uart6 
When high, reset relative logic 

7 RW 0x0 sresetn_uart5 
When high, reset relative logic 

6 RW 0x0 presetn_uart5 
When high, reset relative logic 

5 RW 0x0 sresetn_uart4 
When high, reset relative logic 

4 RW 0x0 presetn_uart4 
When high, reset relative logic 

3 RW 0x0 sresetn_uart3 
When high, reset relative logic 

2 RW 0x0 presetn_uart3 
When high, reset relative logic 

1 RW 0x0 sresetn_uart2 
When high, reset relative logic 

0 RW 0x0 presetn_uart2 
When high, reset relative logic 

 
CRU_SOFTRST_CON26 
Address: Operational Base + offset (0x0468) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 
15:13 RO 0x0 reserved 
12 RW 0x0 presetn_mailbox 

When high, reset relative logic 
11 RW 0x0 presetn_intmux 

When high, reset relative logic 
10 RW 0x1 aresetn_mcu 

When high, reset relative logic 
9:8 RO 0x0 reserved 
7 RW 0x0 presetn_dft2apb 

When high, reset relative logic 
6 RW 0x0 tresetn_wdt_ns 

When high, reset relative logic 
5 RW 0x0 presetn_wdt_ns 

When high, reset relative logic 
4 RW 0x0 presetn_scr 

When high, reset relative logic 
3 RW 0x0 presetn_grf_vccio567 

When high, reset relative logic 
2 RW 0x0 presetn_grf_vccio34 

When high, reset relative logic 
1 RW 0x0 presetn_grf_vccio12 

When high, reset relative logic 
0 RW 0x0 presetn_grf 

When high, reset relative logic 
 
CRU_SOFTRST_CON27 
Address: Operational Base + offset (0x046C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 presetn_pcie30phy_grf 
When high, reset relative logic 

14 RW 0x0 resetn_pcie30phy 
When high, reset relative logic 

13 RW 0x0 presetn_pcie30phy 
When high, reset relative logic 

12 RW 0x0 presetn_mipidsiphy1 
When high, reset relative logic 

11 RW 0x0 presetn_mipidsiphy0 
When high, reset relative logic 

10 RW 0x0 presetn_mipicsiphy 
When high, reset relative logic 

9 RO 0x0 reserved 
8 RW 0x0 resetn_ddrphy 

When high, reset relative logic 
7 RW 0x0 presetn_ddrphy 

When high, reset relative logic 
6 RW 0x0 presetn_top_cru 

When high, reset relative logic 
5:4 RO 0x0 reserved 
3 RW 0x0 presetn_top_biu 

When high, reset relative logic 
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Bit Attr Reset Value Description 
2 RW 0x0 hresetn_top_biu 

When high, reset relative logic 
1 RW 0x0 aresetn_top_low_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_top_high_biu 

When high, reset relative logic 
 
CRU_SOFTRST_CON28 
Address: Operational Base + offset (0x0470) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 resetn_otpphy 
When high, reset relative logic 

14 RW 0x0 presetn_otpphy 
When high, reset relative logic 

13 RW 0x0 resetn_cpu_boost 
When high, reset relative logic 

12 RW 0x0 presetn_cpu_boost 
When high, reset relative logic 

11 RW 0x0 presetn_usb2phy1_grf 
When high, reset relative logic 

10 RW 0x0 presetn_usb2phy0_grf 
When high, reset relative logic 

9 RW 0x0 resetn_pipephy2 
When high, reset relative logic 

8 RW 0x0 presetn_pipephy2 
When high, reset relative logic 

7 RW 0x0 resetn_pipephy1 
When high, reset relative logic 

6 RW 0x0 presetn_pipephy1 
When high, reset relative logic 

5 RW 0x0 resetn_pipephy0 
When high, reset relative logic 

4 RW 0x0 presetn_pipephy0 
When high, reset relative logic 

3 RW 0x0 presetn_asb2apb_chip_bottom 
When high, reset relative logic 

2 RW 0x0 presetn_asb2apb_chip_left 
When high, reset relative logic 

1 RW 0x0 presetn_apb2asb_chip_bottom 
When high, reset relative logic 

0 RW 0x0 presetn_apb2asb_chip_left 
When high, reset relative logic 

 
CRU_SOFTRST_CON29 
Address: Operational Base + offset (0x0474) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 
15:14 RO 0x0 reserved 
13 RW 0x0 presetn_pipephy2_grf 

When high, reset relative logic 
12 RW 0x0 presetn_pipephy1_grf 

When high, reset relative logic 
11 RW 0x0 presetn_pipephy0_grf 

When high, reset relative logic 
10 RW 0x0 resetn_otpc_arb 

When high, reset relative logic 
9 RW 0x0 resetn_gmac1_delayline 

When high, reset relative logic 
8 RW 0x0 resetn_gmac0_delayline 

When high, reset relative logic 
7 RW 0x0 resetn_tsadcphy 

When high, reset relative logic 
6 RW 0x0 presetn_edpphy_grf 

When high, reset relative logic 
5 RW 0x0 resetn_usb2phy1_usb2host1 

When high, reset relative logic 
4 RW 0x0 resetn_usb2phy1_usb2host0 

When high, reset relative logic 
3 RW 0x0 resetn_usb2phy1_por 

When high, reset relative logic 
2 RW 0x0 resetn_usb2phy0_usb3otg1 

When high, reset relative logic 
1 RW 0x0 resetn_usb2phy0_usb3otg0 

When high, reset relative logic 
0 RW 0x0 resetn_usb2phy0_por 

When high, reset relative logic 
 
CRU_SSGTBL0_3 
Address: Operational Base + offset (0x0480) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl0_3 
Extern wave table 0-3 
7-0: table0 
15-8: table1 
23-16: table2 
31-24: table3 

 
CRU_SSGTBL4_7 
Address: Operational Base + offset (0x0484) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl4_7 
Extern wave table 4-7 
7-0: table4 
15-8: table5 
23-16: table6 
31-24: table7 

 
CRU_SSGTBL8_11 
Address: Operational Base + offset (0x0488) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl8_11 
Extern wave table 8-11 
7-0: table8 
15-8: table9 
23-16: table10 
31-24: table11 

 
CRU_SSGTBL12_15 
Address: Operational Base + offset (0x048C) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl12_15 
Extern wave table 12-15 
7-0: table12 
15-8: table13 
23-16: table14 
31-24: table15 

 
CRU_SSGTBL16_19 
Address: Operational Base + offset (0x0490) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl16_19 
Extern wave table 16-19 
7-0: table16 
15-8: table17 
23-16: table18 
31-24: table19 

 
CRU_SSGTBL20_23 
Address: Operational Base + offset (0x0494) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl20_23 
Extern wave table 20-23 
7-0: table20 
15-8: table21 
23-16: table22 
31-24: table23 

 
CRU_SSGTBL24_27 
Address: Operational Base + offset (0x0498) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl24_27 
Extern wave table 24-27 
7-0: table24 
15-8: table25 
23-16: table26 
31-24: table27 

 
CRU_SSGTBL28_31 
Address: Operational Base + offset (0x049C) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl28_31 
Extern wave table 28-31 
7-0: table28 
15-8: table29 
23-16: table30 
31-24: table31 

 
CRU_SSGTBL32_35 
Address: Operational Base + offset (0x04A0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl32_35 
Extern wave table 32-35 
7-0: table32 
15-8: table33 
23-16: table34 
31-24: table35 

 
CRU_SSGTBL36_39 
Address: Operational Base + offset (0x04A4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl36_39 
Extern wave table 36-39 
7-0: table36 
15-8: table37 
23-16: table38 
31-24: table39 

 
CRU_SSGTBL40_43 
Address: Operational Base + offset (0x04A8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl40_43 
Extern wave table 40-43 
7-0: table40 
15-8: table41 
23-16: table42 
31-24: table43 

 
CRU_SSGTBL44_47 
Address: Operational Base + offset (0x04AC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl44_47 
Extern wave table 44-47 
7-0: table44 
15-8: table45 
23-16: table46 
31-24: table47 

 
CRU_SSGTBL48_51 
Address: Operational Base + offset (0x04B0) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl48_51 
Extern wave table 48-51 
7-0: table48 
15-8: table49 
23-16: table50 
31-24: table51 

 
CRU_SSGTBL52_55 
Address: Operational Base + offset (0x04B4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl52_55 
Extern wave table 52-55 
7-0: table52 
15-8: table53 
23-16: table54 
31-24: table55 

 
CRU_SSGTBL56_59 
Address: Operational Base + offset (0x04B8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl56_59 
Extern wave table 56-59 
7-0: table56 
15-8: table57 
23-16: table58 
31-24: table59 

 
CRU_SSGTBL60_63 
Address: Operational Base + offset (0x04BC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl60_63 
Extern wave table 60-63 
7-0: table60 
15-8: table61 
23-16: table62 
31-24: table63 

 
CRU_SSGTBL64_67 
Address: Operational Base + offset (0x04C0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl64_67 
Extern wave table 64-67 
7-0: table64 
15-8: table65 
23-16: table66 
31-24: table67 

 
CRU_SSGTBL68_71 
Address: Operational Base + offset (0x04C4) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl68_71 
Extern wave table 68-71 
7-0: table68 
15-8: table69 
23-16: table70 
31-24: table71 

 
CRU_SSGTBL72_75 
Address: Operational Base + offset (0x04C8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl72_75 
Extern wave table 72-75 
7-0: table72 
15-8: table73 
23-16: table74 
31-24: table75 

 
CRU_SSGTBL76_79 
Address: Operational Base + offset (0x04CC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl76_79 
Extern wave table 76-79 
7-0: table76 
15-8: table77 
23-16: table78 
31-24: table79 

 
CRU_SSGTBL80_83 
Address: Operational Base + offset (0x04D0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl80_83 
Extern wave table 76-79 
7-0: table80 
15-8: table81 
23-16: table82 
31-24: table83 

 
CRU_SSGTBL84_87 
Address: Operational Base + offset (0x04D4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl84_87 
Extern wave table 84-87 
7-0: table84 
15-8: table85 
23-16: table86 
31-24: table87 

 
CRU_SSGTBL88_91 
Address: Operational Base + offset (0x04D8) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl88_91 
Extern wave table 88-91 
7-0: table88 
15-8: table89 
23-16: table90 
31-24: table91 

 
CRU_SSGTBL92_95 
Address: Operational Base + offset (0x04DC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl92_95 
Extern wave table 92-95 
7-0: table92 
15-8: table93 
23-16: table94 
31-24: table95 

 
CRU_SSGTBL96_99 
Address: Operational Base + offset (0x04E0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl96_99 
Extern wave table 96-99 
7-0: table96 
15-8: table97 
23-16: table98 
31-24: table99 

 
CRU_SSGTBL100_103 
Address: Operational Base + offset (0x04E4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl100_103 
Extern wave table 100-103 
7-0: table100 
15-8: table101 
23-16: table102 
31-24: table103 

 
CRU_SSGTBL104_107 
Address: Operational Base + offset (0x04E8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl104_107 
Extern wave table 104-107 
7-0: table104 
15-8: table105 
23-16: table106 
31-24: table107 

 
CRU_SSGTBL108_111 
Address: Operational Base + offset (0x04EC) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl108_111 
Extern wave table 108-111 
7-0: table108 
15-8: table109 
23-16: table110 
31-24: table111 

 
CRU_SSGTBL112_115 
Address: Operational Base + offset (0x04F0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl112_115 
Extern wave table 112-115 
7-0: table112 
15-8: table113 
23-16: table114 
31-24: table115 

 
CRU_SSGTBL116_119 
Address: Operational Base + offset (0x04F4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl116_119 
Extern wave table 116-119 
7-0: table116 
15-8: table117 
23-16: table118 
31-24: table119 

 
CRU_SSGTBL120_123 
Address: Operational Base + offset (0x04F8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl120_123 
Extern wave table 120-123 
7-0: table120 
15-8: table121 
23-16: table122 
31-24: table123 

 
CRU_SSGTBL124_127 
Address: Operational Base + offset (0x04FC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ssgtbl124_127 
Extern wave table 124-127 
7-0: table124 
15-8: table125 
23-16: table126 
31-24: table127 

 
CRU_AUTOCS_CORE_CON0 
Address: Operational Base + offset (0x0500) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 pdcore_wait_th 

pdcore wait time threshold, measured by original clk_core 
15:0 RW 0x0020 pdcore_idle_th 

pdcore idle time threshold, measured by original clk_core 
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CRU_AUTOCS_CORE_CON1 
Address: Operational Base + offset (0x0504) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
pdcore auto switch clock selection as clk_core 
2'b00: original clk_core 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:11 RO 0x0 reserved 

10:8 RW 0x0 
step 
change core_div by step when  clk_core automatically switched 
to higher frequency. 
acs_div = (pre_div+1)<<step -1 

7 RO 0x0 reserved 

6 RW 0x0 
biu_active_en 
1'b1: enable pdcore biu active signals as pdcore active status 
1'b0: disable 

5 RW 0x0 
vfiqirq_en 
1'b1: enable core vFIQ or vIRQ as pdcore active status 
1'b0: disable 

4 RW 0x0 
fiqirq_en 
1'b1: enable core FIQ or IRQ as pdcore active status 
1'b0: disable 

3 RW 0x0 
wfil3_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

2 RW 0x0 
wfi_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

1 RW 0x0 
dsu_switch_en 
1'b1: enable sclk_core automatically switched to lower frequency 
when pdcore is inactive 
1'b0: disable 

0 RW 0x0 
cpu_switch_en 
1'b1: enable clk_core automatically switched to lower frequency 
when pdcore is inactive 
1'b0: disable 

 
CRU_AUTOCS_GPU_CON0 
Address: Operational Base + offset (0x0508) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_GPU_CON1 
Address: Operational Base + offset (0x050C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:2 RO 0x000 reserved 

1 RW 0x0 
clk_en 
1'b1: enable clk_gpu switch to lower frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable clk_gpu automatically switched to lower frequency 
when pdgpu is inactive 
1'b0: disable auto switch function 

 
CRU_AUTOCS_BUS_CON0 
Address: Operational Base + offset (0x0510) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_BUS_CON1 
Address: Operational Base + offset (0x0514) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:8 RO 0x00 reserved 

7 RW 0x0 
dmac_m_en 
1'b1: enable dmac axi master active signals as pdbus 
active/inactive status 
1'b0: disable 

6 RO 0x0 reserved 

5 RW 0x0 
slave_en 
1'b1: enable biu slave active signals as pdbus active/inactive 
status 
1'b0: disable 

4 RW 0x0 
master_en 
1'b1: enable biu master active signals as pdbus active/inactive 
status 
1'b0: disable 

3 RW 0x0 
pclk_en 
1'b1: enable pclk_bus switch to lower frequency 
1'b0: disable 
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Bit Attr Reset Value Description 
2 RO 0x0 reserved 

1 RW 0x0 
aclk_en 
1'b1: enable aclk_bus switch to lower frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable aclk_bus/pclk_bus automatically switched to lower 
frequency when pdbus is inactive 
1'b0: disable auto switch function 

 
CRU_AUTOCS_TOP_CON0 
Address: Operational Base + offset (0x0518) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_TOP_CON1 
Address: Operational Base + offset (0x051C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:8 RO 0x00 reserved 

7 RW 0x0 
dmac_m_en 
1'b1: enable dmac axi master active signals as active/inactive 
status 
1'b0: disable 

6 RO 0x0 reserved 

5 RW 0x0 
slave_en 
1'b1: enable biu slave active signals as active/inactive status 
1'b0: disable 

4 RW 0x0 
master_en 
1'b1: enable biu master active signals as active/inactive status 
1'b0: disable 

3 RW 0x0 
pclk_en 
1'b1: enable pclk_top switch to lower frequency 
1'b0: disable 

2 RW 0x0 
hclk_en 
1'b1: enable hclk_top_biu switch to lower frequency 
1'b0: disable 

1 RW 0x0 
aclk_en 
1'b1: enable aclk_top_high_biu/aclk_top_low_biu switch to lower 
frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable aclk_top/hclk_top/pclk_top automatically switched 
to lower frequency when top is inactive 
1'b0: disable auto switch function 
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CRU_AUTOCS_RKVDEC_CON0 
Address: Operational Base + offset (0x0520) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_RKVDEC_CON1 
Address: Operational Base + offset (0x0524) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

aclksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:12 RW 0x0 

clk_hevc_sel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

11:10 RW 0x0 

clk_core_sel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

9:8 RW 0x0 

clk_ca_sel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

7:5 RO 0x0 reserved 

4 RW 0x0 
rkvdec_clk_hevc_en 
1'b1: enable clk_rkvdec_hevc switch to lower frequency 
1'b0: disable 

3 RW 0x0 
rkvdec_clk_core_en 
1'b1: enable clk_rkvdec_core switch to lower frequency 
1'b0: disable 

2 RW 0x0 
rkvdec_clk_ca_en 
1'b1: enable clk_rkvdec_ca switch to lower frequency 
1'b0: disable 

1 RW 0x0 
rkvdec_aclk_en 
1'b1: enable aclk_rkvdec switch to lower frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable pdrkvdec clock automatically switched to lower 
frequency when pd_rkvdec is inactive 
1'b0: disable auto switch function 

 
CRU_AUTOCS_RKVENC_CON0 
Address: Operational Base + offset (0x0528) 
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Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_RKVENC_CON1 
Address: Operational Base + offset (0x052C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:2 RO 0x000 reserved 

1 RW 0x0 
clk_en 
1'b1: enable aclk_rkvenc switch to lower frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable aclk_rkvenc automatically switched to lower 
frequency when pd_rkvenc is inactive 
1'b0: disable auto switch function 

 
CRU_AUTOCS_VPU_CON0 
Address: Operational Base + offset (0x0530) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_VPU_CON1 
Address: Operational Base + offset (0x0534) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13:2 RO 0x000 reserved 

1 RW 0x0 
clk_en 
1'b1: enable aclk_vpu switch to lower frequency 
1'b0: disable 

0 RW 0x0 
switch_en 
1'b1: enable aclk_vpu automatically switched to lower frequency 
when pd_vpu is inactive 
1'b0: disable auto switch function 
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CRU_AUTOCS_PERI_CON0 
Address: Operational Base + offset (0x0538) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_PERI_CON1 
Address: Operational Base + offset (0x053C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RW 0x0 

clksel_cfg 
auto switch clock selection 
2'b00: original clk 
2'b01: xin_osc0_func_div 
2'b10: clk_rtc_32k 

13 RO 0x0 reserved 

12 RW 0x0 
dcf_m_en 
1'b1: enable dcf master active signals as active/inactive status 
1'b0: disable 

11 RW 0x0 
sf_hclk_en 
1'b1: enable hclk_secure_flash switch to lower frequency 
1'b0: disable 

10 RW 0x0 
sf_aclk_en 
1'b1: enable aclk_secure_flash switch to lower frequency 
1'b0: disable 

9 RW 0x0 
sf_switch_en 
1'b1: enable aclk_secure_flash/hclk_secure_flash automatically 
switched to lower frequency when pd_secure_flash is inactive 
1'b0: disable auto switch function 

8 RW 0x0 
ga_hclk_en 
1'b1: enable hclk_gic_audio switch to lower frequency 
1'b0: disable 

7 RW 0x0 
ga_aclk_en 
1'b1: enable aclk_gic_audio switch to lower frequency 
1'b0: disable 

6 RW 0x0 
ga_switch_en 
1'b1: enable aclk_gic_audio/hclk_gic_audio automatically 
switched to lower frequency when pd_gic_audio is inactive 
1'b0: disable auto switch function 

5 RW 0x0 
php_hclk_en 
1'b1: enable hclk_php switch to lower frequency 
1'b0: disable 

4 RW 0x0 
php_aclk_en 
1'b1: enable aclk_php switch to lower frequency 
1'b0: disable 

3 RW 0x0 
php_switch_en 
1'b1: enable aclk_php/hclk_php automatically switched to lower 
frequency when pdphp is inactive 
1'b0: disable auto switch function 
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Bit Attr Reset Value Description 

2 RW 0x0 
peri_hclk_en 
1'b1: enable hclk_peri switch to lower frequency 
1'b0: disable 

1 RW 0x0 
peri_aclk_en 
1'b1: enable aclk_peri switch to lower frequency 
1'b0: disable 

0 RW 0x0 
peri_switch_en 
1'b1: enable aclk_peri/hclk_peri automatically switched to lower 
frequency when pdperi is inactive 
1'b0: disable auto switch function 

 
CRU_AUTOCS_GPLL_CON0 
Address: Operational Base + offset (0x0540) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_GPLL_CON1 
Address: Operational Base + offset (0x0544) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:6 RO 0x000 reserved 

5 RW 0x0 
vfiqirq_en 
1'b1: enable core vFIQ or vIRQ as pdcore active status 
1'b0: disable 

4 RW 0x0 
fiqirq_en 
1'b1: enable core FIQ or IRQ as pdcore active status 
1'b0: disable 

3 RW 0x0 
wfil3_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

2 RW 0x0 
wfi_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

1 RO 0x0 reserved 

0 RW 0x0 
switch_en 
1'b1: enable GPLL automatically switched to lower frequency 
when pdcore is inactive 
1'b0: disable 

 
CRU_AUTOCS_CPLL_CON0 
Address: Operational Base + offset (0x0548) 

Bit Attr Reset Value Description 
31:16 RW 0x0004 wait_th 

wait time threshold, measured by original clk 
15:0 RW 0x0020 idle_th 

idle time threshold, measured by original clk 
 
CRU_AUTOCS_CPLL_CON1 
Address: Operational Base + offset (0x054C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:6 RO 0x000 reserved 

5 RW 0x0 
vfiqirq_en 
1'b1: enable core vFIQ or vIRQ as pdcore active status 
1'b0: disable 

4 RW 0x0 
fiqirq_en 
1'b1: enable core FIQ or IRQ as pdcore active status 
1'b0: disable 

3 RW 0x0 
wfil3_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

2 RW 0x0 
wfi_en 
1'b1: enable standby_wfi as pdcore active/inactive status 
1'b0: disable 

1 RO 0x0 reserved 

0 RW 0x0 
switch_en 
1'b1: enable CPLL automatically switched to lower frequency 
when pdcore is inactive 
1'b0: disable 

 
CRU_SDMMC0_CON0 
Address: Operational Base + offset (0x0580) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 drv_sel 

drv_sel 
10:3 RW 0x00 drv_delaynum 

drv_delaynum 
2:1 RW 0x2 drv_degree 

drv_degree 
0 RW 0x0 init_state 

init_state 
 
CRU_SDMMC0_CON1 
Address: Operational Base + offset (0x0584) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 sample_sel 

sample_sel 
9:2 RW 0x00 sample_delaynum 

sample_delaynum 
1:0 RW 0x0 sample_degree 

sample_degree 
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CRU_SDMMC1_CON0 
Address: Operational Base + offset (0x0588) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 drv_sel 

drv_sel 
10:3 RW 0x00 drv_delaynum 

drv_delaynum 
2:1 RW 0x2 drv_degree 

drv_degree 
0 RW 0x0 init_state 

init_state 
 
CRU_SDMMC1_CON1 
Address: Operational Base + offset (0x058C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 sample_sel 

sample_sel 
9:2 RW 0x00 sample_delaynum 

sample_delaynum 
1:0 RW 0x0 sample_degree 

sample_degree 
 
CRU_SDMMC2_CON0 
Address: Operational Base + offset (0x0590) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 drv_sel 

drv_sel 
10:3 RW 0x00 drv_delaynum 

drv_delaynum 
2:1 RW 0x2 drv_degree 

drv_degree 
0 RW 0x0 init_state 

init_state 
 
CRU_SDMMC2_CON1 
Address: Operational Base + offset (0x0594) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  147 

Bit Attr Reset Value Description 
15:11 RO 0x00 reserved 
10 RW 0x0 sample_sel 

sample_sel 
9:2 RW 0x00 sample_delaynum 

sample_delaynum 
1:0 RW 0x0 sample_degree 

sample_degree 
 
CRU_EMMC_CON0 
Address: Operational Base + offset (0x0598) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 drv_sel 

drv_sel 
10:3 RW 0x00 drv_delaynum 

drv_delaynum 
2:1 RW 0x2 drv_degree 

drv_degree 
0 RW 0x0 init_state 

init_state 
 
CRU_EMMC_CON1 
Address: Operational Base + offset (0x059C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:11 RO 0x00 reserved 
10 RW 0x0 sample_sel 

sample_sel 
9:2 RW 0x00 sample_delaynum 

sample_delaynum 
1:0 RW 0x0 sample_degree 

sample_degree 
 

2.5 SCRU Register Description  
2.5.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size Reset 
Value Description 

SCRU_MPLL_CON0 0x0000 W 0x00003096 MPLL configuration register0 
SCRU_MPLL_CON1 0x0004 W 0x00001042 MPLL configuration register1 
SCRU_MODE_CON00 0x0020 W 0x00000000 Internal clock select and division 

register 0 
SCRU_CLKSEL_CON00 0x0100 W 0x00000302 Internal clock select and division 

register 0 
SCRU_CLKSEL_CON01 0x0104 W 0x00000005 Internal clock select and division 

register 1 
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Name Offset Size Reset 
Value Description 

SCRU_CLKSEL_CON04 0x0110 W 0x00000305 Internal clock select and division 
register 4 

SCRU_CLKSEL_CON05 0x0114 W 0x00000005 Internal clock select and division 
register 5 

SCRU_GATE_CON00 0x0180 W 0x00000000 Internal clock gate and division 
register 0 

SCRU_GATE_CON01 0x0184 W 0x00000000 Internal clock gate and division 
register 1 

SCRU_GATE_CON02 0x0188 W 0x00000000 Internal clock gate and division 
register 2 

SCRU_SOFTRST_CON00 0x0200 W 0x00000000 Internal clock reset register 0 
SCRU_SOFTRST_CON01 0x0204 W 0x00000000 Internal clock reset register 1 
SCRU_SOFTRST_CON02 0x0208 W 0x00000000 Internal clock reset register 2 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access  
2.5.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
SCRU_MPLL_CON0 
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x3 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x096 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
SCRU_MPLL_CON1 
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 
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Bit Attr Reset Value Description 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

8:6 RW 0x1 postdiv2 
Second Post Divide Value, (1-7) 

5:0 RW 0x02 refdiv 
Reference Clock Divide Value, (1-63) 

 
SCRU_MODE_CON00 
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_spll_mode 
clk_spll_mux clock mux. 
1'b0: clk_mpll_mux 
1'b1: clk_gpll_mux 

14:2 RO 0x0000 reserved 

1:0 RW 0x0 

clk_mpll_mode 
clk_mpll_mux clock mux. 
2'b00: xin_osc0_func_mux 
2'b01: clk_mpll 
2'b10: clk_rtc_32k 

 
SCRU_CLKSEL_CON00 
Address: Operational Base + offset (0x0100) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 hclk_secure_flash_s_div 

Divide hclk_secure_flash_s by (div_con + 1) 
7:5 RO 0x0 reserved 
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Bit Attr Reset Value Description 
4:0 RW 0x02 aclk_secure_flash_s_div 

Divide aclk_secure_flash_s by (div_con + 1) 
 
SCRU_CLKSEL_CON01 
Address: Operational Base + offset (0x0104) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:5 RO 0x000 reserved 
4:0 RW 0x05 pclk_secure_flash_s_div 

Divide pclk_secure_flash_s by (div_con + 1) 
 
SCRU_CLKSEL_CON04 
Address: Operational Base + offset (0x0110) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12:8 RW 0x03 hclk_vo_s_div 

Divide hclk_vo_s by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x05 pclk_top_s_div 

Divide pclk_top_s by (div_con + 1) 
 
SCRU_CLKSEL_CON05 
Address: Operational Base + offset (0x0114) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:5 RO 0x000 reserved 
4:0 RW 0x05 pclk_ddr_div 

Divide pclk_ddr by (div_con + 1) 
 
SCRU_GATE_CON00 
Address: Operational Base + offset (0x0180) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
pclk_sgrf_en 
pclk_sgrf clock gating control. 
When high, disable clock 

14:8 RO 0x00 reserved 

7 RW 0x0 
clk_trng_s_en 
clk_trng_s clock gating control. 
When high, disable clock 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  151 

Bit Attr Reset Value Description 

6 RW 0x0 
hclk_trng_s_en 
hclk_trng_s clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_secure_flash_s_biu_en 
pclk_secure_flash_s_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
hclk_secure_flash_s_biu_en 
hclk_secure_flash_s_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
aclk_secure_flash_s_biu_en 
aclk_secure_flash_s_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_secure_flash_s_en 
pclk_secure_flash_s clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_secure_flash_s_en 
hclk_secure_flash_s clock gating control. 
When high, disable clock 

0 RW 0x0 
aclk_secure_flash_s_en 
aclk_secure_flash_s clock gating control. 
When high, disable clock 

 
SCRU_GATE_CON01 
Address: Operational Base + offset (0x0184) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
pclk_dcf_en 
pclk_dcf clock gating control. 
When high, disable clock 

14 RW 0x0 
aclk_dcf_en 
aclk_dcf clock gating control. 
When high, disable clock 

13 RW 0x0 
hclk_ahbrom_en 
hclk_ahbrom clock gating control. 
When high, disable clock 

12 RW 0x0 
aclk_intmem_en 
aclk_intmem clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_trng_en 
clk_trng clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_trng_en 
pclk_trng clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_jdb_en 
clk_jdb clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_jdb_en 
pclk_jdb clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

7 RW 0x0 
clk_otpc_s_usr_en 
clk_otpc_s_usr clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_otpc_s_sbpi_en 
clk_otpc_s_sbpi clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_otpc_s_en 
pclk_otpc_s clock gating control. 
When high, disable clock 

4 RW 0x0 
clk_stimer1_en 
clk_stimer1 clock gating control. 
When high, disable clock 

3 RW 0x0 
clk_stimer0_en 
clk_stimer0 clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_stimer_en 
pclk_stimer clock gating control. 
When high, disable clock 

1 RW 0x0 
tclk_wdt_s_en 
tclk_wdt_s clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_wdt_s_en 
pclk_wdt_s clock gating control. 
When high, disable clock 

 
SCRU_GATE_CON02 
Address: Operational Base + offset (0x0188) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RO 0x0 reserved 

14 RW 0x0 
pclk_ddrdfi_ctl_en 
pclk_ddrdfi_ctl clock gating control. 
When high, disable clock 

13 RW 0x0 
pclk_dma2ddr_en 
pclk_dma2ddr clock gating control. 
When high, disable clock 

12 RW 0x0 
pclk_ddrmon_en 
pclk_ddrmon clock gating control. 
When high, disable clock 

11 RW 0x0 
pclk_ddrgrf_en 
pclk_ddrgrf clock gating control. 
When high, disable clock 

10 RW 0x0 
pclk_ddr_upctl_en 
pclk_ddr_upctl clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_msch_en 
pclk_msch clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_ddr_en 
pclk_ddr clock gating control. 
When high, disable clock 
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Bit Attr Reset Value Description 

7 RW 0x0 
pclk_hwffc_ctrl_en 
pclk_hwffc_ctrl clock gating control. 
When high, disable clock 

6 RW 0x0 
hclk_hdcp_key_en 
hclk_hdcp_key clock gating control. 
When high, disable clock 

5 RW 0x0 
hclk_vo_s_biu_en 
hclk_vo_s_biu clock gating control. 
When high, disable clock 

4 RW 0x0 
hclk_vo_s_en 
hclk_vo_s clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_top_scru_en 
pclk_top_scru clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_top_s_biu_en 
pclk_top_s_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
pclk_top_s_en 
pclk_top_s clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_key_reader_en 
pclk_key_reader clock gating control. 
When high, disable clock 

 
SCRU_SOFTRST_CON00 
Address: Operational Base + offset (0x0200) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 resetn_trng 
When high, reset relative logic 

14 RW 0x0 presetn_trng 
When high, reset relative logic 

13 RW 0x0 resetn_jdb 
When high, reset relative logic 

12 RW 0x0 presetn_jdb 
When high, reset relative logic 

11:3 RO 0x000 reserved 
2 RW 0x0 presetn_secure_flash_s_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_secure_flash_s_biu 

When high, reset relative logic 
0 RW 0x0 aresetn_secure_flash_s_biu 

When high, reset relative logic 
 
SCRU_SOFTRST_CON01 
Address: Operational Base + offset (0x0204) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 
15 RW 0x0 presetn_top_scru 

When high, reset relative logic 
14 RW 0x0 presetn_top_s_biu 

When high, reset relative logic 
13 RW 0x0 presetn_key_reader 

When high, reset relative logic 
12 RW 0x0 presetn_dcf 

When high, reset relative logic 
11 RW 0x0 aresetn_dcf 

When high, reset relative logic 
10 RW 0x0 hresetn_ahbrom 

When high, reset relative logic 
9 RW 0x0 aresetn_intmem 

When high, reset relative logic 
8 RW 0x0 resetn_stimer1 

When high, reset relative logic 
7 RW 0x0 resetn_stimer0 

When high, reset relative logic 
6 RW 0x0 presetn_stimer 

When high, reset relative logic 
5 RW 0x0 resetn_otpc_s_usr 

When high, reset relative logic 
4 RW 0x0 resetn_otpc_s_sbpi 

When high, reset relative logic 
3 RW 0x0 presetn_otpc_s 

When high, reset relative logic 
2 RW 0x0 tresetn_wdt_s 

When high, reset relative logic 
1 RW 0x0 presetn_wdt_s 

When high, reset relative logic 
0 RW 0x0 presetn_sgrf 

When high, reset relative logic 
 
SCRU_SOFTRST_CON02 
Address: Operational Base + offset (0x0208) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
11 RW 0x0 resetn_trng_s 

When high, reset relative logic 
10 RW 0x0 hresetn_trng_s 

When high, reset relative logic 
9 RW 0x0 hresetn_hdcp_key 

When high, reset relative logic 
8 RW 0x0 hresetn_vo_s_biu 

When high, reset relative logic 
7 RO 0x0 reserved 
6 RW 0x0 presetn_hwffc_ctrl 

When high, reset relative logic 
5 RW 0x0 presetn_ddrdfi_ctl 

When high, reset relative logic 
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Bit Attr Reset Value Description 
4 RW 0x0 presetn_dma2ddr 

When high, reset relative logic 
3 RW 0x0 presetn_ddrmon 

When high, reset relative logic 
2 RW 0x0 presetn_ddrgrf 

When high, reset relative logic 
1 RW 0x0 presetn_ddr_upctl 

When high, reset relative logic 
0 RW 0x0 presetn_msch 

When high, reset relative logic 
 

2.6 PMUCRU Register Description  
2.6.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size Reset 
Value Description 

PMUCRU_PPLL_CON0 0x0000 W 0x00004064 PPLL configuration register0 
PMUCRU_PPLL_CON1 0x0004 W 0x000010C1 PPLL configuration register1 
PMUCRU_PPLL_CON2 0x0008 W 0x00000000 PPLL configuration register2 
PMUCRU_PPLL_CON3 0x000C W 0x00000007 PPLL configuration register3 
PMUCRU_PPLL_CON4 0x0010 W 0x00007F00 PPLL configuration register4 
PMUCRU_HPLL_CON0 0x0040 W 0x00002063 HPLL configuration register0 
PMUCRU_HPLL_CON1 0x0044 W 0x00001081 HPLL configuration register1 
PMUCRU_HPLL_CON2 0x0048 W 0x00000000 HPLL configuration register2 
PMUCRU_HPLL_CON3 0x004C W 0x00000007 HPLL configuration register3 
PMUCRU_HPLL_CON4 0x0050 W 0x00007F00 HPLL configuration register4 
PMUCRU_MODE_CON00 0x0080 W 0x00000000 Internal clock select and division 

register 0 
PMUCRU_PMUCLKSEL_CO
N00 0x0100 W 0x00000080 Internal clock select and division 

register 0 
PMUCRU_PMUCLKSEL_CO
N01 0x0104 W 0x00000000 Internal clock select and division 

register 1 
PMUCRU_PMUCLKSEL_CO
N02 0x0108 W 0x00008001 Internal clock select and division 

register 2 
PMUCRU_PMUCLKSEL_CO
N03 0x010C W 0x00000001 Internal clock select and division 

register 3 
PMUCRU_PMUCLKSEL_CO
N04 0x0110 W 0x00000800 Internal clock select and division 

register 4 
PMUCRU_PMUCLKSEL_CO
N05 0x0114 W 0x00000000 Internal clock select and division 

register 5 
PMUCRU_PMUCLKSEL_CO
N06 0x0118 W 0x00000001 Internal clock select and division 

register 6 
PMUCRU_PMUCLKSEL_CO
N07 0x011C W 0x00000009 Internal clock select and division 

register 7 
PMUCRU_PMUCLKSEL_CO
N08 0x0120 W 0x0000058F Internal clock select and division 

register 8 
PMUCRU_PMUCLKSEL_CO
N09 0x0124 W 0x00000BBB Internal clock select and division 

register 9 
PMUCRU_PMUGATE_CON0
0 0x0180 W 0x00000000 Internal clock gate and division 

register 0 
PMUCRU_PMUGATE_CON0
1 0x0184 W 0x00000000 Internal clock gate and division 

register 1 
PMUCRU_PMUGATE_CON0
2 0x0188 W 0x00000000 Internal clock gate and division 

register 2 
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Name Offset Size Reset 
Value Description 

PMUCRU_PMUSOFTRST_C
ON00 0x0200 W 0x00000000 Internal clock reset register 0 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access  
2.6.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
PMUCRU_PPLL_CON0 
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass. FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x4 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x064 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
PMUCRU_PPLL_CON1 
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 
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Bit Attr Reset Value Description 
8:6 RW 0x3 postdiv2 

Second Post Divide Value, (1-7) 
5:0 RW 0x01 refdiv 

Reference Clock Divide Value, (1-63) 
 
PMUCRU_PPLL_CON2 
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
PMUCRU_PPLL_CON3 
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 
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Bit Attr Reset Value Description 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
PMUCRU_PPLL_CON4 
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f 
ssmod_ext_maxaddr 
External wave table data inputs 
(0-255) 

7:1 RO 0x00 reserved 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
PMUCRU_HPLL_CON0 
Address: Operational Base + offset (0x0040) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
bypass 
PLL Bypass.  FREF bypasses PLL to FOUTPOSTDIV 
1'b0: No bypass 
1'b1: Bypass 

14:12 RW 0x2 postdiv1 
First Post Divide Value, (1-7) 

11:0 RW 0x063 

fbdiv 
Feedback Divide Value, valid divider settings are:  
[16, 2500] in integer mode 
[20, 500] in fractional mode 
Tips: No plus one operation 

 
PMUCRU_HPLL_CON1 
Address: Operational Base + offset (0x0044) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 

pllpdsel 
PLL global power down source selection 
If pllpdsel == 1, PLL can be power down only by pllpd1, 
otherwise pll is power down when any one of refdiv/fbdiv/fracdiv 
is changed or pllpd0 is asserted 
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Bit Attr Reset Value Description 

14 RW 0x0 
pllpd1 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

13 RW 0x0 
pllpd0 
PLL global power down request 
1'b0: No power down 
1'b1: Power down 

12 RW 0x1 
dsmpd 
PLL delta sigma modulator enable 
1'b0: Modulator is enable, 
1'b1: Modulator is disabled 

11 RO 0x0 reserved 

10 RW 0x0 
pll_lock 
PLL lock status 
1'b0: Unlock 
1'b1: Lock 

9 RO 0x0 reserved 

8:6 RW 0x2 
postdiv2 
Second Post Divide Value 
(1-7) 

5:0 RW 0x01 
refdiv 
Reference Clock Divide Value 
(1-63) 

 
PMUCRU_HPLL_CON2 
Address: Operational Base + offset (0x0048) 

Bit Attr Reset Value Description 
31:28 RO 0x0 reserved 

27 RW 0x0 
fout4phasepd 
Power down 4-phase clocks and 2X, 3X, 4X clocks 
1'b0: No power down 
1'b1: Power down 

26 RW 0x0 
foutvcopd 
Power down buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

25 RW 0x0 
foutpostdivpd 
Power down all outputs except for buffered VCO clock 
1'b0: No power down 
1'b1: Power down 

24 RW 0x0 
dacpd 
Power down quantization noise cancellation DAC 
1'b0: No power down 
1'b1: Power down 

23:0 RW 0x000000 
fracdiv 
Fractional part of feedback divide 
(fraction = FRAC/2^24) 

 
PMUCRU_HPLL_CON3 
Address: Operational Base + offset (0x004C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 

12:8 RW 0x00 
ssmod_spread 
spread amplitude 
% = 0.1 * SPREAD[4: 0] 

7:4 RW 0x0 ssmod_divval 
Divider required to set the modulation frequency 

3 RW 0x0 
ssmod_downspread 
Selects center spread or downs pread 
1'b0: Down spread 
1'b1: Center spread 

2 RW 0x1 
ssmod_reset 
Reset modulator state 
1'b0: No reset 
1'b1: Reset 

1 RW 0x1 
ssmod_disable_sscg 
Bypass SSMOD by module 
1'b0: No bypass 
1'b1: Bypass 

0 RW 0x1 
ssmod_bp 
Bypass SSMOD by integration 
1'b0: No bypass 
1'b1: Bypass 

 
PMUCRU_HPLL_CON4 
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RW 0x7f ssmod_ext_maxaddr 
External wave table data inputs, (0-255) 

7:1 RO 0x00 reserved 

0 RW 0x0 
ssmod_sel_ext_wave 
select external wave 
1'b0: No select ext_wave 
1'b1: Select ext_wave 

 
PMUCRU_MODE_CON00 
Address: Operational Base + offset (0x0080) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:4 RO 0x000 reserved 

3:2 RW 0x0 

clk_hpll_mode 
clk_hpll_mux clock mux. 
2'b00: xin_osc0_func 
2'b01: clk_hpll 
2'b10: clk_rtc_32k 
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Bit Attr Reset Value Description 

1:0 RW 0x0 

clk_ppll_mode 
clk_ppll_mux clock mux. 
2'b00: xin_osc0_func 
2'b01: clk_ppll 
2'b10: clk_rtc_32k 

 
PMUCRU_PMUCLKSEL_CON00 
Address: Operational Base + offset (0x0100) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 

7:6 RW 0x2 

clk_rtc_32k_sel 
clk_rtc_32k clock mux. 
2'b00: clk_32k_from_pvtm 
2'b01: clk_32k_from_io 
2'b10: clk_osc0_div32k 

5 RO 0x0 reserved 
4:0 RW 0x00 xin_osc0_div_div 

Divide xin_osc0_div by (div_con + 1) 
 
PMUCRU_PMUCLKSEL_CON01 
Address: Operational Base + offset (0x0104) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
clk_osc0_div32k_div 
clk_osc0_div32k fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
PMUCRU_PMUCLKSEL_CON02 
Address: Operational Base + offset (0x0108) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x1 
clk_pdpmu_mux_sel 
clk_pdpmu_mux clock mux. 
1'b0: clk_ppll_mux 
1'b1: clk_gpll_mux 

14:5 RO 0x000 reserved 
4:0 RW 0x01 pclk_pdpmu_pre_div 

Divide pclk_pdpmu_pre by (div_con + 1) 
 
PMUCRU_PMUCLKSEL_CON03 
Address: Operational Base + offset (0x010C) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:7 RO 0x000 reserved 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  162 

Bit Attr Reset Value Description 
6:0 RW 0x01 clk_i2c0_div 

Divide clk_i2c0 by (div_con + 1) 
 
PMUCRU_PMUCLKSEL_CON04 
Address: Operational Base + offset (0x0110) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 

11:10 RW 0x2 

sclk_uart0_sel 
sclk_uart0 clock mux. 
2'b00: sclk_uart0_div 
2'b01: sclk_uart0_fracdiv 
2'b10: xin_osc0_func 

9:8 RW 0x0 

sclk_uart0_div_sel 
sclk_uart0_div clock mux. 
2'b00: clk_ppll_mux 
2'b01: usbphy_clk480m_mux 
2'b10: clk_cpll_mux 
2'b11: clk_gpll_mux 

7 RO 0x0 reserved 
6:0 RW 0x00 sclk_uart0_div_div 

Divide sclk_uart0_div by (div_con + 1) 
 
PMUCRU_PMUCLKSEL_CON05 
Address: Operational Base + offset (0x0114) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
sclk_uart0_fracdiv_div 
sclk_uart0_fracdiv fraction division register. 
High 16-bit for numerator 
Low 16-bit for denominator 

 
PMUCRU_PMUCLKSEL_CON06 
Address: Operational Base + offset (0x0118) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
dbclk_gpio0_sel 
dbclk_gpio0 clock mux. 
1'b0: xin_osc0_func 
1'b1: clk_rtc_32k 

14:8 RO 0x00 reserved 

7 RW 0x0 
clk_pwm0_sel 
clk_pwm0 clock mux. 
1'b0: xin_osc0_func 
1'b1: clk_pdpmu_mux 

6:0 RW 0x01 clk_pwm0_div 
Divide clk_pwm0 by (div_con + 1) 

 
PMUCRU_PMUCLKSEL_CON07 
Address: Operational Base + offset (0x011C) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:6 RO 0x000 reserved 
5:0 RW 0x09 clk_ref24m_div 

Divide clk_ref24m by (div_con + 1) 
 
PMUCRU_PMUCLKSEL_CON08 
Address: Operational Base + offset (0x0120) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15 RW 0x0 
clk_wifi_sel 
clk_wifi clock mux. 
1'b0: clk_wifi_osc0 
1'b1: clk_wifi_div 

14 RO 0x0 reserved 
13:8 RW 0x05 clk_wifi_div_div 

Divide clk_wifi_div by (div_con + 1) 

7 RW 0x1 
clk_hdmiphy_ref_sel 
clk_hdmiphy_ref clock mux. 
1'b0: clk_hpll 
1'b1: clk_hpll_ph0 

6:4 RO 0x0 reserved 

3 RW 0x1 
clk_mipidsiphy1_ref_sel 
clk_mipidsiphy1_ref clock mux. 
1'b0: clk_ref24m 
1'b1: xin_osc0_mipidsiphy1_g 

2 RW 0x1 
clk_mipidsiphy0_ref_sel 
clk_mipidsiphy0_ref clock mux. 
1'b0: clk_ref24m 
1'b1: xin_osc0_mipidsiphy0_g 

1 RW 0x1 
clk_usbphy1_ref_sel 
clk_usbphy1_ref clock mux. 
1'b0: clk_ref24m 
1'b1: xin_osc0_usbphy1_g 

0 RW 0x1 
clk_usbphy0_ref_sel 
clk_usbphy0_ref clock mux. 
1'b0: clk_ref24m 
1'b1: xin_osc0_usbphy0_g 

 
PMUCRU_PMUCLKSEL_CON09 
Address: Operational Base + offset (0x0124) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:12 RO 0x0 reserved 
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Bit Attr Reset Value Description 

11 RW 0x1 
clk_pciephy2_ref_sel 
clk_pciephy2_ref clock mux. 
1'b0: clk_pciephy2_osc0 
1'b1: clk_pciephy2_div 

10:8 RW 0x3 clk_pciephy2_div_div 
Divide clk_pciephy2_div by (div_con + 1) 

7 RW 0x1 
clk_pciephy1_ref_sel 
clk_pciephy1_ref clock mux. 
1'b0: clk_pciephy1_osc0 
1'b1: clk_pciephy1_div 

6:4 RW 0x3 clk_pciephy1_div_div 
Divide clk_pciephy1_div by (div_con + 1) 

3 RW 0x1 
clk_pciephy0_ref_sel 
clk_pciephy0_ref clock mux. 
1'b0: clk_pciephy0_osc0 
1'b1: clk_pciephy0_div 

2:0 RW 0x3 clk_pciephy0_div_div 
Divide clk_pciephy0_div by (div_con + 1) 

 
PMUCRU_PMUGATE_CON00 
Address: Operational Base + offset (0x0180) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 

7 RW 0x0 
clk_pmu_en 
clk_pmu clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_pmu_en 
pclk_pmu clock gating control. 
When high, disable clock 

5 RW 0x0 
pclk_pmugrf_en 
pclk_pmugrf clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_pmucru_en 
pclk_pmucru clock gating control. 
When high, disable clock 

3 RW 0x0 
pclk_pdpmu_biu_en 
pclk_pdpmu_biu clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_pdpmu_en 
pclk_pdpmu_pre clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_osc0_div32k_en 
clk_osc0_div32k clock gating control. 
When high, disable clock 

0 RW 0x0 
xin_osc0_div_en 
xin_osc0_div clock gating control. 
When high, disable clock 

 
PMUCRU_PMUGATE_CON01 
Address: Operational Base + offset (0x0184) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:14 RO 0x0 reserved 

13 RW 0x0 
clk_core_pmupvtm_en 
clk_core_pmupvtm clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_pmupvtm_en 
clk_pmupvtm clock gating control. 
When high, disable clock 

11 RW 0x0 
pclk_pmupvtm_en 
pclk_pmupvtm clock gating control. 
When high, disable clock 

10 RW 0x0 
dbclk_gpio0_en 
dbclk_gpio0 clock gating control. 
When high, disable clock 

9 RW 0x0 
pclk_gpio0_en 
pclk_gpio0 clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_capture_pwm0_en 
clk_capture_pwm0_ndft clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_pwm0_en 
clk_pwm0 clock gating control. 
When high, disable clock 

6 RW 0x0 
pclk_pwm0_en 
pclk_pwm0 clock gating control. 
When high, disable clock 

5 RW 0x0 
sclk_uart0_en 
sclk_uart0 clock gating control. 
When high, disable clock 

4 RW 0x0 
sclk_uart0_fracdiv_en 
sclk_uart0_fracdiv clock gating control. 
When high, disable clock 

3 RW 0x0 
sclk_uart0_div_en 
sclk_uart0_div clock gating control. 
When high, disable clock 

2 RW 0x0 
pclk_uart0_en 
pclk_uart0 clock gating control. 
When high, disable clock 

1 RW 0x0 
clk_i2c0_en 
clk_i2c0 clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_i2c0_en 
pclk_i2c0 clock gating control. 
When high, disable clock 

 
PMUCRU_PMUGATE_CON02 
Address: Operational Base + offset (0x0188) 

Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 
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Bit Attr Reset Value Description 

15 RW 0x0 
xin_osc0_edpphy_en 
xin_osc0_edpphy clock gating control. 
When high, disable clock 

14 RW 0x0 
clk_pcie30phy_ref_n_en 
clk_pcie30phy_ref_n clock gating control. 
When high, disable clock 

13 RW 0x0 
clk_pcie30phy_ref_m_en 
clk_pcie30phy_ref_m clock gating control. 
When high, disable clock 

12 RW 0x0 
clk_pciephy2_osc0_en 
clk_pciephy2_osc0 clock gating control. 
When high, disable clock 

11 RW 0x0 
clk_pciephy2_div_en 
clk_pciephy2_div clock gating control. 
When high, disable clock 

10 RW 0x0 
clk_pciephy1_osc0_en 
clk_pciephy1_osc0 clock gating control. 
When high, disable clock 

9 RW 0x0 
clk_pciephy1_div_en 
clk_pciephy1_div clock gating control. 
When high, disable clock 

8 RW 0x0 
clk_pciephy0_osc0_en 
clk_pciephy0_osc0 clock gating control. 
When high, disable clock 

7 RW 0x0 
clk_pciephy0_div_en 
clk_pciephy0_div clock gating control. 
When high, disable clock 

6 RW 0x0 
clk_wifi_osc0_en 
clk_wifi_osc0 clock gating control. 
When high, disable clock 

5 RW 0x0 
clk_wifi_div_en 
clk_wifi_div clock gating control. 
When high, disable clock 

4 RW 0x0 
xin_osc0_mipidsiphy1_en 
xin_osc0_mipidsiphy1_g clock gating control. 
When high, disable clock 

3 RW 0x0 
xin_osc0_mipidsiphy0_en 
xin_osc0_mipidsiphy0_g clock gating control. 
When high, disable clock 

2 RW 0x0 
xin_osc0_usbphy1_en 
xin_osc0_usbphy1_g clock gating control. 
When high, disable clock 

1 RW 0x0 
xin_osc0_usbphy0_en 
xin_osc0_usbphy0_g clock gating control. 
When high, disable clock 

0 RW 0x0 
clk_ref24m_en 
clk_ref24m clock gating control. 
When high, disable clock 

 
PMUCRU_PMUSOFTRST_CON00 
Address: Operational Base + offset (0x0200) 
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Bit Attr Reset Value Description 

31:16 RW 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
12 RW 0x0 resetn_pmupvtm 

When high, reset relative logic 
11 RW 0x0 presetn_pmupvtm 

When high, reset relative logic 
10 RW 0x0 dbresetn_gpio0 

When high, reset relative logic 
9 RW 0x0 presetn_gpio0 

When high, reset relative logic 
8 RW 0x0 resetn_pwm0 

When high, reset relative logic 
7 RW 0x0 presetn_pwm0 

When high, reset relative logic 
6 RW 0x0 sresetn_uart0 

When high, reset relative logic 
5 RW 0x0 presetn_uart0 

When high, reset relative logic 
4 RW 0x0 resetn_i2c0 

When high, reset relative logic 
3 RW 0x0 presetn_i2c0 

When high, reset relative logic 
2 RW 0x0 presetn_pmugrf 

When high, reset relative logic 
1 RW 0x0 presetn_pmucru 

When high, reset relative logic 
0 RW 0x0 presetn_pdpmu_biu 

When high, reset relative logic 
 

2.7 PMUSCRU Register Description  
2.7.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size Reset 
Value Description 

PMUSCRU_PMUCLKSEL_C
ON00 0x0100 W 0x00000101 Internal clock select and division 

register 0 
PMUSCRU_PMUGATE_CON
00 0x0180 W 0x00000000 Internal clock gate and division 

register 0 
PMUSCRU_PMUSOFTRST_
CON00 0x0200 W 0x00000000 Internal clock reset register 0 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access  
2.7.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
PMUSCRU_PMUCLKSEL_CON00 
Address: Operational Base + offset (0x0100) 

Bit Attr Reset Value Description 

31:16 WO 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:13 RO 0x0 reserved 
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Bit Attr Reset Value Description 
12:8 RW 0x01 hclk_pdpmu_s_div 

Divide hclk_pdpmu_s by (div_con + 1) 
7:5 RO 0x0 reserved 
4:0 RW 0x01 pclk_pdpmu_s_div 

Divide pclk_pdpmu_s by (div_con + 1) 
 
PMUSCRU_PMUGATE_CON00 
Address: Operational Base + offset (0x0180) 

Bit Attr Reset Value Description 

31:16 WO 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:10 RO 0x00 reserved 

9 RW 0x0 
pclk_osc_ck_en 
pclk_osc_ck clock gating control. 
When high, disable clock 

8 RW 0x0 
pclk_scrkeygen_en 
pclk_scrkeygen clock gating control. 
When high, disable clock 

7 RW 0x0 
pclk_pmusgrf_en 
pclk_pmusgrf clock gating control. 
When high, disable clock 

6 RO 0x0 reserved 

5 RW 0x0 
pclk_pmucru_s_en 
pclk_pmucru_s clock gating control. 
When high, disable clock 

4 RW 0x0 
pclk_pmu_s_biu_en 
pclk_pmu_s_biu clock gating control. 
When high, disable clock 

3 RW 0x0 
hclk_pmumem_en 
hclk_pmumem clock gating control. 
When high, disable clock 

2 RW 0x0 
hclk_pmu_s_biu_en 
hclk_pmu_s_biu clock gating control. 
When high, disable clock 

1 RW 0x0 
hclk_pdpmu_s_en 
hclk_pdpmu_s clock gating control. 
When high, disable clock 

0 RW 0x0 
pclk_pdpmu_s_en 
pclk_pdpmu_s clock gating control. 
When high, disable clock 

 
PMUSCRU_PMUSOFTRST_CON00 
Address: Operational Base + offset (0x0200) 

Bit Attr Reset Value Description 

31:16 WO 0x0000 
write_enable 
Write enable for lower 16 bits, each bit is individual. 
1'b0: Write access disable 
1'b1: Write access enable 

15:8 RO 0x00 reserved 
7 RW 0x0 resetn_ddr_fail_safe 

When high, reset relative logic 
6 RW 0x0 presetn_osc_ck 

When high, reset relative logic 
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Bit Attr Reset Value Description 
5 RW 0x0 presetn_pmusgrf_remap 

When high, reset relative logic 
4 RW 0x0 presetn_pmusgrf 

When high, reset relative logic 
3 RW 0x0 presetn_pmucru 

When high, reset relative logic 
2 RW 0x0 presetn_pdpmu_biu 

When high, reset relative logic 
1 RW 0x0 hresetn_pmumem 

When high, reset relative logic 
0 RW 0x0 hresetn_pdpmu_biu 

When high, reset relative logic 
 

2.8 Application Notes 
2.8.1 )UDFWLRQDO�3//�8VDJH 
2.8.1.1 PLL Frequency Configuration 
)%',9��3267',9���%<3$66�FDQ�EH�FRQILJXUHG�E\�SURJUDPPLQJ�&58B[3//B&21�� 
'603'��5()',9��3267',9��FDQ�EH�FRQILJXUHG�E\�SURJUDPPLQJ�&58B[3//B&21�� 
)5$&�FDQ�EH�FRQILJXUHG�E\�SURJUDPPLQJ�&58B[3//B&21���[ $�'�&�3�+�*� 
,I�'603'� ����'60�LV�GLVDEOHG���LQWHJHU�PRGH���  
)2879&2� ��)5()���5()',9���)%',9 
)2873267',9� �)2879&2����3267',9�3267',9�� 
:KHQ�)5()�LV���0+]��DQG�LI����0+]�)2873267',9�LV�QHHGHG��7KH�FRQILJXUDWLRQ�FDQ�EH� 
� � � � � � �'603'� �� 
� � � � � � �5()',9� �� 
� � � � � � � )%',9� � ���� 
� � � � � � � 3267',9� � 
� � � � � � � 3267',9� � 
$QG�WKHQ� � �  
)2879&2� ��)5()���5()',9���)%',9� �������� ��� 
)2873267',9� �)2879&2����3267',9�3267',9�� ������� ��� 
,I�'603'� ����'60�LV�HQDEOHG���IUDFWLRQDO�PRGH�� 
)2879&2� ��)5()���5()',9����)%',9���)5$&�����A���� 
)2873267',9� �)2879&2����3267',9�3267',9�� 
:KHQ�)5()�LV���0+]��DQG�LI�������0+]�)2873267',9�LV�QHHGHG��7KH�FRQILJXUDWLRQ�FDQ�EH� 
� � � � � � �'603'� �� 
� � � � � � �5()',9� �� 
� � � � � � � )%',9� � ��� 
� � � � � � � )5$&� � � ���¶KI�F��I 
� � � � � � � 3267',9� � 
� � � � � � � 3267',9� � 
$QG�WKHQ� � �  
)2879&2� ��)5()���5()',9����)%',9���)5$&�����A����� ������� 
)2873267',9� �)2879&2����3267',9�3267',9�� ����������� ������ 
3267',9� ���3267',9� ��DUH�XQXVHG��:H�VKRXOG�PDNH�VXUH�WKDW�3267',9�! 3267',9�� 
2.8.1.2 PLL Setting Consideration 
z ,I�WKH�3267',9�YDOXH�LV�FKDQJHG�GXULQJ�RSHUDWLRQ��D�VKRUW�SXOVH��JOLWFK��PD\�RFFXU�RQ�

)2873267',9��7KH�PLQLPXP�ZLGWK�RI�WKH�VKRUW�SXOVH�ZLOO�EH�HTXDO�WR�WZLFH�WKH�SHULRG�
RI�WKH�9&2��7KHUHIRUH��LI�WKH�FLUFXLWU\�FORFNHG�E\�WKH�3//�LV�VHQVLWLYH�WR�VKRUW�SXOVHV��
WKH�QHZ�GLYLGH�YDOXH�VKRXOG�EH�UH�WLPHG�VR�WKDW�LW�LV�V\QFKURQRXV�ZLWK�WKH�ULVLQJ�HGJH�
RI�WKH�RXWSXW�FORFN��)2873267',9���*OLWFKHV�FDQQRW�RFFXU�RQ�DQ\�RI�WKH�RWKHU�
RXWSXWV� 

z )RU�ORZHVW�SRZHU�RSHUDWLRQ��WKH�PLQLPXP�9&2�DQG�)5()�IUHTXHQFLHV�VKRXOG�EH�XVHG��
)RU�PLQLPXP�MLWWHU�RSHUDWLRQ��WKH�KLJKHVW�9&2�DQG�)5()�IUHTXHQFLHV�VKRXOG�EH�XVHG��
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7KH�QRUPDO�RSHUDWLQJ�UDQJH�IRU�WKH�9&2�LV�GHVFULEHG�DERYH�LQ� 
z 7KH�VXSSO\�UHMHFWLRQ�ZLOO�EH�ZRUVH�DW�WKH�ORZ�HQG�RI�WKH�9&2�UDQJH�VR�FDUH�VKRXOG�EH�

WDNHQ�WR�NHHS�WKH�VXSSO\�FOHDQ�IRU�ORZ�SRZHU�DSSOLFDWLRQV� 
z 7KH�IHHGEDFN�GLYLGHU�LV�QRW�FDSDEOH�RI�GLYLGLQJ�E\�DOO�SRVVLEOH�VHWWLQJV�GXH�WR�WKH�XVH�

RI�D�SRZHU�VDYLQJ�DUFKLWHFWXUH��7KH�IROORZLQJ�VHWWLQJV�DUH�YDOLG�IRU�)%',9� 
� '603' ���,QWHJHU�0RGH� 
� '603' ���)UDFWLRQDO�0RGH� 

z 7KH�3'�LQSXW�SODFHV�WKH�3//�LQWR�WKH�ORZHVW�SRZHU�PRGH��,Q�WKLV�FDVH��DOO�DQDORJ�
FLUFXLWV�DUH�WXUQHG�RII�DQG�)5()�ZLOO�EH��LJQRUHG���7KH�)2873267',9�DQG�)2879&2�
SLQV�DUH�IRUFHG�WR�ORJLF�ORZ���9���  

z 7KH�%<3$66�SLQ�FRQWUROV�)5()�WR�EH�SDVVHG�WR�WKH�)2873267',9�ZKHQ�DFWLYH�KLJK��
+RZHYHU��WKH�3//�FRQWLQXHV�WR�UXQ�DV�LW�QRUPDOO\�ZRXOG�LI�E\SDVV�ZHUH�ORZ��7KLV�LV�D�
XVHIXO�IHDWXUH�IRU�3//�WHVWLQJ�VLQFH�WKH�FORFN�SDWK�FDQ�EH�YHULILHG�ZLWKRXW�WKH�3//�EHLQJ�
UHTXLUHG�WR�ZRUN��$OVR��WKH�HIIHFW�WKDW�WKH�3//�LQGXFHG�VXSSO\�QRLVH�KDV�RQ�WKH�RXWSXW�
EXIIHULQJ�FDQ�EH�HYDOXDWHG��,W�LV�QRW�UHFRPPHQGHG�WR�VZLWFK�EHWZHHQ�%<3$66�PRGH�
DQG�QRUPDO�PRGH�IRU�UHJXODU�FKLS�RSHUDWLRQ�VLQFH�WKLV�PD\�UHVXOW�LQ�D�JOLWFK��$OVR��
)2873267',93'�VKRXOG�EH�VHW�ORZ�LI�WKH�3//�LV�WR�EH�XVHG�LQ�%<3$66�PRGH� 

2.8.1.3 PLL Frequency Change And Lock Check 
7KH�3//�SURJUDPPLQJ�VXSSRUWV�FKDQJHG�RQ�WKH�IO\�DQG�WKH�3//�ZLOO�VLPSO\�VOHZ�WR�WKH�QHZ�
IUHTXHQF\� 
3//�ORFN�VWDWH�FDQ�EH�FKHFNHG�LQ�&58B[3//B&21�>��@��[ $�'�&�3�+�*��UHJLVWHU��7KH�ORFN�
VWDWH�LV�KLJK�ZKHQ�ERWK�RULJLQDO�KDUGZDUH�3//�ORFN�DQG�3//�FRXQWHU�ORFN�DUH�KLJK��  
7KH�PD[�GHOD\�WLPH�LV����5()',9�)5()� 
3//�ORFNLQJ�FRQVLVWV�RI�WKUHH�SKDVHV��  
z 3KDVH���LV�FRQWURO�YROWDJH�VOHZLQJ��'XULQJ�WKLV�SKDVH�RQH�RI�WKH�FORFNV��UHIHUHQFH�RU�

GLYLGH��LV�PXFK�IDVWHU�WKDQ�WKH�RWKHU��DQG�WKH�3//�IUHTXHQF\�DGMXVWV�DOPRVW�
FRQWLQXRXVO\��:KHQ�ORFNLQJ�IURP�SRZHU�GRZQ��WKH�GLYLGH�FORFN�LV�LQLWLDOO\�YHU\�VORZ�DQG�
VWHDGLO\�LQFUHDVHV�IUHTXHQF\��,W�ZLOO�WDNH�VOLJKWO\�ORQJHU�IRU�IDVWHU�9&2�VHWWLQJV�ZKHQ�
ORFNLQJ�IURP�SRZHU�GRZQ��VLQFH�WKH�3//�PXVW�VOHZ�IXUWKHU��  

z 3KDVH���LV�VPDOO�VLJQDO�SKDVH�DFTXLVLWLRQ��'XULQJ�WKLV�SKDVH��WKH�LQWHUQDO�XS�GRZQ�
VLJQDOV�DOWHUQDWH�VHPL�FKDRWLFDOO\�DV�WKH�SKDVH�VORZO\�DGMXVWV�XQWLO�WKH�WZR�VLJQDOV�DUH�
DOLJQHG��7KH�GXUDWLRQ�RI�WKLV�SKDVH�GHSHQGV�RQ�WKH�ORRS�EDQGZLGWK�DQG�LV�IDVWHU�ZLWK�
KLJKHU�EDQGZLGWK��%DQGZLGWK�FDQ�EH�HVWLPDWHG�DV�)5()���5()',9������IRU�LQWHJHU�
PRGH�DQG�)5()��5()',9������IRU�IUDFWLRQDO�PRGH��7KH�GXUDWLRQ�RI�VPDOO�VLJQDO�ORFNLQJ�
LV�DERXW���%DQGZLGWK� 

z 3KDVH���LV�WKH�GLJLWDO�F\FOH�FRXQW��$IWHU�WKH�ODVW�F\FOH�VOLS�LV�GHWHFWHG��DQ�LQWHUQDO�
FRXQWHU�ZDLWV�����)5()���5()',9�F\FOHV�EHIRUH�WKH�ORFN�VLJQDO�JRHV�KLJK��7KLV�LV�
IUHTXHQWO\�WKH�GRPLQDQW�IDFWRU�LQ�ORFN�WLPH�±�HVSHFLDOO\�IRU�VORZHU�UHIHUHQFH�FORFN�
VLJQDOV�RU�ODUJH�UHIHUHQFH�GLYLGH�VHWWLQJV��7KLV�WLPH�FDQ�EH�FDOFXODWHG�DV�
���5()',9�)5()� 

2.8.2 ,QWHJHU�3//�8VDJH 
2.8.2.1 PLL Frequency Configuration 
)%',9��3267',9���%<3$66�FDQ�EH�FRQILJXUHG�E\�SURJUDPPLQJ�&58B[3//B&21�� 
'603'��5()',9��3267',9��FDQ�EH�FRQILJXUHG�E\�SURJUDPPLQJ�&58B[3//B&21��[ 0�1�9�� 
 
'603'�VKRXOG�DOZD\V�EH�VHW�WR����&/.66&*�LV�SRZHU�GRZQ���DQG�5()',9�FDQ�RQO\�EH���RU�
�� 
)2879&2� ��)5()���5()',9���)%',9 
)2873267',9� �)2879&2����3267',9�3267',9�� 
3267',9� ���3267',9� ��DUH�XQXVHG��:H�VKRXOG�PDNH�VXUH�WKDW�3267',9�! 3267',9�� 

2.8.2.2 PLL Frequency Change And Lock Check 
7KH�3//�SURJUDPPLQJ�VXSSRUWV�FKDQJHG�RQ�WKH�IO\�DQG�WKH�3//�ZLOO�VLPSO\�VOHZ�WR�WKH�QHZ�
IUHTXHQF\� 
3//�ORFN�VWDWH�FDQ�EH�FKHFNHG�LQ�&58B[3//B&21�>��@��[ 0�1�9��UHJLVWHU��7KH�ORFN�VWDWH�LV�
KLJK�ZKHQ�ERWK�RULJLQDO�KDUGZDUH�3//�ORFN�DQG�3//�FRXQWHU�ORFN�DUH�KLJK��  
7KH�PD[�GHOD\�WLPH�LV�����5()',9�)5()� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  171 

2.8.3 'LYLGHU�8VDJH 
&58�VXSSRUWV�PXOWL�GLYLGHUV�IRU�GLIIHUHQW�FORFN�UHTXLUHPHQW� 
z 'LYLGHU�IUHH�GLYLGHU 
z )UDFWLRQDO�GLYLGHU 
z 'LYIUHH���GLYLGHU 
z 'LYIUHH13��GLYLGHU 

2.8.3.1 Fractional Divider Usage 
7R�JHW�VSHFLILF�IUHTXHQF\��FORFNV�RI�,�6��DXGLR3:0��8$57DQG�63',)�FDQ�EH�JHQHUDWHG�E\�
IUDFWLRQDO�GLYLGHU��*HQHUDOO\�\RX�VKRXOG�VHW�WKDW�GHQRPLQDWRU����WLPHV�ODUJHU�WKDQ�QXPHUDWRU�
WR�JHQHUDWH�SUHFLVH�FORFN�IUHTXHQF\��6R�WKH�IUDFWLRQDO�GLYLGHU�DSSOLHV�RQO\�WR�JHQHUDWH�ORZ�
IUHTXHQF\�FORFN��)RU�LPSOHPHQWDWLRQ�LVVXH��WKH�LQSXW�VRXUFH�FORFNV�RI�IUDFWLRQDO�GLYLGHU�
VKRXOG�OLPLW�WR�OHVV�WKDQ�����0+]� 
2.8.3.2 Divfree50 Divider Usage 
6RPH�PRGXOHVOLNH3'0��(00&��6',2��6'00&��)63,�DQG�1$1'&�QHHG�FORFN�RI�����GXW\�
F\FOH��GLYIUHH���FDQ�JHQHUDWH�FORFN�RI�����GXW\�F\FOH�HYHQ�LQ�RGG�YDOXH�GLYLVRU� 
2.8.3.3 DivFreeNP5 Divider Usage 
6RPH�PRGXOHV�OLNH138��,633�DQG�,63�QHHG�VRPH�VSHFLDO�IUHTXHQF\�FDQ�XVH�WKLV�GLYLGHU��
)UHTXHQF\�RI�WKLV�GLYLGHU FONBVUF����Q������� 
2.8.4 *OREDO�6RIWZDUH�5HVHW 
7ZR�JOREDO�VRIWZDUH�UHVHWV�DUH�GHVLJQHG�LQ�5.������\RX�FDQ�SURJUDP�
&58B*/%B6567B)67B9$/8(>����@�DV��[IGE��WR�DVVHUW�WKH�ILUVW�JOREDO�VRIWZDUH�UHVHW�
JOEBVUVWQB��DQG�SURJUDP�&58B*/%B6567B61'B9$/8(>����@�DV��[HFD��WR�DVVHUW�WKH�
VHFRQG�JOREDO�VRIWZDUH�UHVHW�JOEBVUVWQB���7KHVH�WZR�VRIWZDUH�UHVHWV�DUH�VHOI�GH�DVVHUWHG�E\�
KDUGZDUH��5HVHWWLQJ�KROG�WLPLQJ�RI�JOREDO�VRIWZDUH�UHVHW��JOEBVUVWQB���JOEBVUVWQB���
ZGWBUVWQ��WVDGFBUVWQ��FDQ�EH�SURJUDPHG�XS�WR��PV�� �  
JOEBVUVWQB��UHVHWV�DOPRVW�DOO�ORJLF�H[FHSW�VRPH�UHJLVWHUV�MXVW�VXSSRUWLQJ�KDUGZDUH�UHVHW��  
JOEBVUVWQB��UHVHWV�DOPRVW�DOO�ORJLF�H[FHSW�*5)V�DQG�*3,2V� 
5HVHW�IRU�,3�LQ�3'B308�FDQ�EH�KROG�LI�LWV�UHVHWBKROGBHQDEOH�LQ�308*5)B308B62&B&21��RU�
308*5)B308B62&B&21��LV�KLJK�HYHQ�LI�JOEBVUVWQB��RU�JOEBVUVWQB��DFWLYH� 
2.8.5 66&*�8VDJH 
7KHUH�DUH�VRPH�VFHQHV�ZKHUH�66&*�VKRXOG�EH�HQDEOHG��2QH�VFHQH�LV�LQ�FRPPXQLFDWLRQ�
ZKHUH�D�IL[HG�IUHTXHQF\�LV�UHTXLUHG��$QRWKHU�VFHQH�LV�D�V\VWHP�UHTXLULQJ�D�FORFN�ZLWK�ORZ�
ORQJ�WHUP�MLWWHU��:KHQ�66&*�LV�XVHG��WKH�3//�VKRXOG�EH�FRQILJXUHG�WR�IUDFWLRQDO�PRGH�ILUVWO\�
IRU�VSUHDG�VSHFWUXP�FDSDELOLW\� 
2.8.5.1 SSCG Use InternalPoint Table 
8VHU�FDQ�XVH�66&*�ZLWK�LQWHUQDO�SRLQW�WDEOH�DV�IROORZLQJ�VWHSV� 
z 6HWWLQJ�VVPRGBVSUHDG�&58B;3//B&21�>����@��

DQGVVPRGBGRZQVSUHDG�&58B;3//B&21�>�@� 
7KH�PRGXODWLRQ�DPSOLWXGH�LV�FRQWUROOHG�E\�WKH�YDOXH�RI�VVPRGBVSUHDG��$�VVPRGBVSUHDG�
YDOXH�RI�¶G��WXUQV�RII�WKH�PRGXODWLRQ��$�VVPRGBVSUHDG�YDOXH�RI��¶G�����¶E�������JLYHV�
PD[LPXPPRGXODWLRQ�ZKLOH�D�YDOXH�RI��¶G�JLYHV�PLQLPXP�PRGXODWLRQ� 
7KH�PRGXODWLRQ�DPSOLWXGH�FDQ�EH�FDOFXODWHG�IURP�WKH�YDOXH�RI�PRGXODWLRQ�E\� 

0RGXODWLRQ�$PSOLWXGH� ���¶G�VVPRGBVSUHDG����� 
7KH�PRGXODWLRQ�GLUHFWLRQ�LV�GHWHUPLQHG�E\�WKHVVPRGBGRZQVSUHDG�ELW��  

� VVPRGBGRZQVSUHDG �¶E���GRZQ�VSUHDG�PRGH�LV�XVHG��,I�VVPRGBVSUHDG� ��¶G����
WKH�PD[LPXP�3//�IUHTXHQF\�LV�WKH�QRPLQDOO\SURJUDPPHG�YDOXH�)120��DQG�WKH�
PLQLPXPYDOXH�LV�JLYHQ�E\�)120���±������� 

� VVPRGBGRZQVSUHDG �¶E��FHQWHU�VSUHDG�PRGHLV�XVHG��,I�VVPRGBVSUHDG� ��¶G����
WKH�PD[LPXP�3//�IUHTXHQF\�ZRXOG�EH�GHWHUPLQHG�E\�)120����������DQG�
WKHPLQLPXP�IUHTXHQF\�E\�)120���±������� 

6HWWLQJ�WKH�VW\OH�RI�PRGXODWLRQ��FHQWHU�YHUVXV�GRZQ��DQG�WKH�PRGXODWLRQ�DPSOLWXGH�GHSHQG�
RQ�WKH�DPRXQW�RI�(0,�UHGXFWLRQ�GHVLUHG�DQG�WKH�WLPLQJ�PDUJLQ�IRU�FLUFXLWV�UXQQLQJ�RQ�WKH�
VSUHDG�FORFN�GRPDLQ��7KH�ODUJHU�WKH�VSUHDG�YDOXH��WKH�JUHDWHU�WKH�UHGXFWLRQ�LQ�(0,�
DPSOLWXGH��+RZHYHU��WKH�ODUJHU�WKH�VSUHDG�YDOXH��WKH�PRUH�WLPLQJ�PDUJLQ�QHHGHG�IRU�FRUUHFW�
FLUFXLW�RSHUDWLRQ� 
z 6HWWLQJ�VVPRGBVHOBH[WBZDYH��&58B;3//B&21�>�@� �¶E� 
:KHQ�XVH�LQWHUQDO�SRLQW�WDEOH��WKH�IUHTXHQF\�ZLOO�FKDQJH�DV�IROORZLQJ�GXULQJ�����SRLQW� 
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� &KDQJH�IURP�PLQLPXP�YDOXH�WR�PD[LPXP�YDOXH�XQLIRUPO\�ZLWKLQ����SRLQWV 
� &KDQJH�IURP�PD[LPXP�YDOXH�WR�PLQLPXP�YDOXH�XQLIRUPO\�ZLWKLQ����SRLQWV 

6SUHDG�VSHFWUXP�PRGXODWRU�LV�LPSOHPHQWHG�E\�UHSHDWLQJ�DV�DERYH� 
z 6HWWLQJ�VVPRGBGLYYDO�&58B;3//B&21�>���@� 
7KH�IUHTXHQF\�RI�PRGXODWLRQ�)02' �)5()����3RLQW�QXPEHU5()',9VVPRGBGLYYDO���7KH�
)02'�LV�W\SLFDOO\�VHW�DERYH���.+]�DQG�EHORZ�WKH�PD[LPXP�IUHTXHQF\�IRU�PRGXODWLRQ�
ILGHOLW\��ZKLFK�LVGHWHUPLQHG�E\�WKH�3//�EDQGZLGWK��7KH�PD[LPXP�PRGXODWLRQ�IUHTXHQF\�LV�
FRQVHUYDWLYHO\VHW�DW�)5()�����5()',9�� 
:KHQ�)5() ��0+]�DQG�5()',9 ����WKH�YDOXH�RI�VVPRGBGLYYDO�FDQ�EH����WKHQ�WKH�)02'�LV�
����.+]� 
z 6HWWLQJ�VVPRGBES�&58B;3//B&21�>�@� �¶E� 
z 6HWWLQJ�VVPRGBGLVDEOHBVVFJ�&58B;3//B&21�>�@� �¶E� 
z 6HWWLQJ�VVPRGBUHVHW�&58B;3//B&21�>�@� �¶E� 
2.8.5.2 SSCG Use External Point Table 
,Q�DGGLWLRQ�WR�WKH�LQWHUQDO�VKDSH�WDEOH��DQ�H[WHUQDO�VKDSH�WDEOH�FDQ�EH�XVHG� 
7KLV�HQDEOHV�FXVWRPL]DWLRQ�WDEOHV�LQ�ERWK�VKDSH�DQG�WKH�QXPEHU�RI�VDPSOH�SRLQWV�IRU�
WKHHQYHORSH�ZDYH�IRUPXS�WR�����GDWD�SRLQWV��7KH�H[WHUQDO�WDEOH�RI�����GDWD�SRLQWV�FDQ�EH�
FRQILJXUHG�IURP�&58B66&*7%/B&21�a&58B66&*7%/B&21��� 
8VHU�FDQ�XVH�6602'�ZLWK�H[WHUQDO�SRLQW�WDEOH�DV�IROORZLQJ�VWHSV� 
z 6HWWLQJ�VVPRGBVSUHDG�&58B;3//B&21�>����@��

DQGVVPRGBGRZQVSUHDG�&58B;3//B&21�>�@���VDPH�ZLWK�LQWHUQDO�SRLQW�WDEOH�XVDJH� 
z 6HWWLQJ�VVPRGBVHOBH[WBZDYH��&58B;3//B&21�>�@� �¶E� 
z 6HWWLQJ�VVPRGBH[WBPD[DGGU�&58B;3//B&21�>����@��DQG�

WDEOH�aWDEOH���(&58B66&*7%/B&21�a&58B66&*7%/B&21��) 
VVPRGBH[WBPD[DGGU�LV�WKH�PD[LPXP�WDEOH�DGGUHVV��)RU�H[DPSOH��LI�WKH�QXPEHU�RI�SRLQWV�
GHVFULELQJ�WKH�HQYHORSH�VKDSH�LV������WKH�VVPRGBH[WBPD[DGGU�VKRXOG�EH�FRQILJXUHG�WR������
7KH�WDEOH�DGGUHVV�circulate over the range 0 to 127. 
7KH�WDEOH�aWDEOH����PXVW�EH���ELW�QXPEHUV�LQ�WKH�IRUP�RI�VLJQ�DQG�PDJQLWXGH� 

� �����LV�UHSUHVHQWHG�E\��¶E����������LW�LV�FRUUHVSRQGHG�WR�PD[LPXP�IUHTXHQF\� 
� ������LV�UHSUHVHQWHG�LQ�WKH�WDEOH�E\�¶E����������LW�LV�FRUUHVSRQGHG�WR�PLQLPXP�

IUHTXHQF\��  
� ����LV�UHSUHVHQWHG�LQ�WKH�WDEOH�E\��¶E��������� 
� ����LV�UHSUHVHQWHG�LQ�WKH�WDEOH�E\��¶E��������� 

7KH�IUHTXHQF\�ZLOO�FKDQJH�EDVH�WDEOH�aWDEOH����ZLWKLQ�����SRLQWV��DQG�WKHQ�UHSHDW� 
z 6HWWLQJ�VVPRGBGLYYDO�&58B;3//B&21�>���@� 
7KH�IUHTXHQF\�RI�PRGXODWLRQ�)02' �)5()��3RLQW�QXPEHU5()',9VVPRGBGLYYDO���7KH�SRLQW�
QXPEHU�HTXDOV�WR�VVPRGBH[WBPD[DGGU����  
z 6HWWLQJ�VVPRGBES�&58B;3//B&21�>�@� �¶E� 
z 6HWWLQJ�VVPRGBGLVDEOHBVVFJ�&58B;3//B&21�>�@� �¶E� 
z 6HWWLQJ�VVPRGBUHVHW�&58B;3//B&21�>�@� �¶E� 
2.8.6 1,8�&ORFN�JDWLQJ�UHOLDQFH 
$�SDUW�RI�QLX�FORFNV�KDYH�D�GHSHQGHQFH�RQ�DQRWKHU�QLX�FORFN�LQ�RUGHU�WR�VKDULQJ�WKH�LQWHUQDO�
EXV��:KHQ�WKHVH�FORFNV�DUH�LQ�XVH��DQRWKHU�QLX�FORFN�PXVW�EH�RSHQHG��DQG�FDQQRW�EH�JDWHG� 
7KHVH�FORFNV�DQG�WKH�VSHFLDO�FORFN�RQ�ZKLFK�WKH\�DUH�UHOLHG�DUH�DV�IROORZLQJ� 

Table 2-1NIU Clocks dependency 
Clocks which have dependency The clock which can not be gated 

hclk_secure_flash_s_niu 
pclk_secure_flash_s_niu 
hclk_secure_flash_niu 
aclk_secure_flash_s_niu 

aclk_secure_flash_niu 

pclk_npu_niu hclk_npu_niu 
pclk_pipe_niu aclk_pipe_niu 
pclk_php_niu hclk_php_niu 
pclk_vo_niu 
hclk_vo_s_niu hclk_vo_niu 

hclk_ga_niu aclk_ga_niu 
pclk_rga_niu hclk_rga_niu 
pclk_gpu_niu aclk_gpu_niu 
pclk_core_niu hclk_core_niu 
pclk_usb_niu hclk_usb_niu 
pclk_vi_niu hclk_vi_niu 
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Clocks which have dependency The clock which can not be gated 
hclk_pmu_niu 
pclk_pmu_s_niu pclk_pmu_niu 

pclk_top_niu_s pclk_top_niu 
pclk_bus_niu aclk_bus_niu 
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Chapter 3 General Register Files (GRF) 
3  

3.1 Overview 
7KH�JHQHUDO�UHJLVWHU�ILOH�ZLOO�EH�XVHG�WR�GR�VWDWLF�VHWWLQJ�E\�VRIWZDUH��ZKLFK�LV�FRPSRVHG�RI�
PDQ\�UHJLVWHUV�IRU�V\VWHP�FRQWURO��7KH�*5)�LV�ORFDWHG�DW�VHYHUDO�DGGUHVVHV� 
z 308B*5)��XVHG�IRU�DOZD\V�RQ�ORJLF�FRQWURO 
z &38B*5)��XVHG�IRU�DOZD\V�RQ�V\VWHP 
z ''5B*5)��XVHG�IRU�''5�V\VWHP 
z 3,3(B*5)��XVHG�IRU�SLSH�LQWHUIDFH�FRQWUROOHU᧨ 
z 6<6B*5)��XVHG�IRU�JHQHUDO�V\VWHP 
z 3,3(3+<B*5)�XVHG�IRU�SLSH�LQWHUIDFH�SK\ 
z 86%3+<B8�B*5)�XVHG�IRU�XVE��SK\ 
z 86%3+<B8�B*5)�XVHG�IRU�XVE��SK\ 
z ('3B3+<B*5)�XVHG�IRU�H'3�3+<�FRQWURO 
z 3&,(3+<B*5)�XVHG�IRU�SFLH����SK\ 
z 86%B*5)�XVHG�IRU�XVE��KRVW�FRQWUROOHU 

3.2 Function Description 
7KH�IXQFWLRQ�RI�JHQHUDO�UHJLVWHU�ILOH�LV˖ 
z *3,2�,208;�FRQWURO 
z *3,2�3$'�SXOO�GRZQ�DQG�SXOO�XS�FRQWURO 
z &RPPRQ�V\VWHP�FRQWURO 
z 5HFRUG�WKH�V\VWHP�VWDWH 

Table 3-1GRF Adress Mapping Table 
1DPH $GGUHVV�%DVH 
308B*5) �[)'&����� 
&38B*5) �[)'&����� 
''5B*5) �[)'&����� 
3,3(B*5) �[)'&����� 
6<6B*5) �[)'&����� 
3,3(B3+<B*5)� �[)'&����� 
3,3(B3+<B*5)� �[)'&����� 
3,3(B3+<B*5)� �[)'&����� 
86%3+<B8�B*5) �[)'&$���� 
86%3+<B8�B*5) �[)'&$���� 
('3B3+<B*5) �[)'&%���� 
3&,(��B3+<B*5) �[)'&%���� 
86%B*5) �[)'&)���� 

 

3.3 PMU_GRF Register Description  
3.3.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

308B*5)B*3,2�$B,208
;B/ �[���� : �[�������� *3,2�$�,208;�FRQWURO�ORZ�ELWV 
308B*5)B*3,2�$B,208
;B+ �[���� : �[�������� *3,2�$�,208;�FRQWURO�KLJK�ELWV 
308B*5)B*3,2�%B,208
;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
308B*5)B*3,2�%B,208
;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

308B*5)B*3,2�&B,208
;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
308B*5)B*3,2�&B,208
;B+ �[���� : �[�������� *3,2�&�,208;�FRQWURO�KLJK�ELWV 
308B*5)B*3,2�'B,208
;B/ �[���� : �[�������� *3,2�'�,208;�FRQWURO�ORZ�ELWV 
308B*5)B*3,2�'B,208
;B+ �[���& : �[�������� *3,2�'�,208;�FRQWURO�KLJK�ELWV 
308B*5)B*3,2�$B3 �[���� : �[�������� *3,2�$�38�3'�FRQWURO 
308B*5)B*3,2�%B3 �[���� : �[�������� *3,2�%�38�3'�FRQWURO 
308B*5)B*3,2�&B3 �[���� : �[����$$$$ *3,2�&�38�3'�FRQWURO 
308B*5)B*3,2�'B3 �[���& : �[�����$�� *3,2�'�38�3'�FRQWURO 
308B*5)B*3,2�$B,( �[���� : �[����)))) *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
308B*5)B*3,2�%B,( �[���� : �[����)))) *3,2�%�3$'�LQSXW�HQDEOH�FRQWURO 
308B*5)B*3,2�&B,( �[���� : �[����)))) *3,2�&�3$'�LQSXW�HQDEOH�FRQWURO 
308B*5)B*3,2�'B,( �[���& : �[����)))) *3,2�'�3$'�LQSXW�HQDEOH�FRQWURO 
308B*5)B*3,2�$B23' �[���� : �[�������� *3,2�$�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
308B*5)B*3,2�%B23' �[���� : �[�������� *3,2�%�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
308B*5)B*3,2�&B23' �[���� : �[�������� *3,2�&�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
308B*5)B*3,2�'B23' �[���& : �[�������� *3,2�'�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
308B*5)B*3,2�$B686 �[���� : �[�������� *3,2�$�3$'� �ZHDN�3XOO�.HHSHU�HQDEOH 
308B*5)B*3,2�%B686 �[���� : �[�������� *3,2�%�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
308B*5)B*3,2�&B686 �[���� : �[�������� *3,2�&�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
308B*5)B*3,2�'B686 �[���& : �[�������� *3,2�'�3$'� �ZHDN�3XOO�.HHSHU�HQDEOH 
308B*5)B*3,2�$B6/ �[���� : �[����)))) 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$' 
308B*5)B*3,2�%B6/ �[���� : �[����)))) 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$' 
308B*5)B*3,2�&B6/ �[���� : �[����)))) 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$' 
308B*5)B*3,2�'B6/ �[���& : �[����)))) 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$' 
308B*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�$B'6B� �[���& : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�%B'6B� �[���& : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�&B'6B� �[���& : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
308B*5)B*3,2�'B'6B� �[��$� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

308B*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B&21� �[���& : �[�������& 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B&21� �[���� : �[�������% 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B&21� �[���� : �[�������% 62&�FRQWURO�UHJLVWHU� 
308B*5)B62&B67$786 �[���� 5 �[�������� 62&�VWDWXV 
308B*5)B,2B96(/� �[���� : �[�������� ,2�YROWDJH�VHOHWLRQ�UHJLVWHU� 
308B*5)B,2B96(/� �[���� : �[������)) ,2�YROWDJH�VHOHWLRQ�UHJLVWHU� 
308B*5)B,2B96(/� �[���� : �[�������� ,2�YROWDJH�VHOHWLRQ�UHJLVWHU� 
308B*5)B'//B&21� �[���� : �[�������� 5HJLVWHU�����'HVFULSWLRQ 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���& : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���& : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*� �[���� : �[�������� 308�*5)�26�UHJLVWHU� 
308B*5)B26B5(*�� �[���� : �[�������� 308�*5)�26�UHJLVWHU�� 
308B*5)B26B5(*�� �[���& : �[�������� 308�*5)�26�UHJLVWHU�� 
308B*5)B5(6(7B)81&7,
21B67$786 �[���� : �[�������� V\VWHP�UHVHW�VWDWXV�UHJLVWHU 
308B*5)B5(6(7B)81&7,
21B&/5 �[���� : �[�������� V\VWHP�UHVHW�VWDWXV�FOHDU�UHJLVWHU 
308B*5)B6,*B'(7(&7B&
21 �[���� : �[�������� VGPPF�GHWHFW�FRQWURO�UHJ 
308B*5)B6,*B'(7(&7B6
7$786 �[���� : �[�������� VGPPF�GHWHFW�VWDWXV�UHJ 
308B*5)B6,*B'(7(&7B6
7$786B&/($5 �[��$� : �[�������� VGPPFLUT�FOHDU�UHJ 
308B*5)B6'00&B'(7B&
2817(5 �[��%� : �[������(� VGPPF�GHWHFW�FRXQWHU�UHJ 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.3.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
308B*5)B*3,2�$B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
����� 5: �[� JSLR�D�BVHO 

�
K���*3,2�B$� 
�� 52 �[� UHVHUYHG 

���� 5: �[� 
JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���30,&B6/((3 
�
K���76$'&B6+870��  
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���76$'&B6+870� 
�
K���76$'&B6+8725* 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���5()&/.B28 

 
308B*5)B*3,2�$B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���)/$6+B92/6(/ 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6$7$B&332' 
�
K���3&,(��;�B&/.5(410� 
�
K���308B'(%8*� 
�
K���*38B3:5(1� �  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B3:5(1 
�
K���6$7$B036:,7&+ 
�
K���3&,(��B&/.5(410� 
�
K���308B'(%8*��  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B'(7 
�
K���6$7$B&3'(7 
�
K���3&,(��;�B&/.5(410�� � � �  

 
308B*5)B*3,2�%B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6&/ 
�
K���&$1�B7;0� 
�
K���3&,(��;�B%877215671 
�
K���0&8B-7$*7'2� �  

�� 52 �[� UHVHUYHG 

���� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6'$ 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6&/�  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���&/.��.B,1 
�
K���&/.��.B287� 
�
K���3&,(��;�B%877215671�  

 
308B*5)B*3,2�%B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���3:0�B0� 
�
K���&38B$96�  

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6'$0� 
�
K���63,�B026,0� 
�
K���3&,(��B3(56710� 
�
K���3:0�B0�� �  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6&/0� 
�
K���63,�B&/.0� 
�
K���3&,(��B:$.(10� 
�
K���3:0�B0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6'$ 
�
K���&$1�B5;0� 
�
K���3&,(��B%877215671 
�
K���0&8B-7$*7&.�  
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308B*5)B*3,2�&B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0� 
�
K���923B3:00� 
�
K���3&,(��;�B3(56710� 
�
K���0&8B-7$*75671�  

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0� 
�
K���('3'3B+3',10� 
�
K���3&,(��;�B:$.(10� 
�
K���0&8B-7$*706�  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0�B0� 
�
K���138B$96 
�
K���8$57�B7; 
�
K���0&8B-7$*7',� �  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0�B0� 
�
K���*38B$96 
�
K���8$57�B5;� � � �  

 
308B*5)B*3,2�&B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���+'0,7;B&(&0� 
�
K���3:0�B0� 
�
K���8$57�B&761 
�
K���308B'(%8*��  

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0� 
�
K���63,�B&6�0� 
�
K���3&,(��;�B3(56710� 
�
K���308B'(%8*� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0� 
�
K���63,�B0,620� 
�
K���3&,(��;�B:$.(10� 
�
K���308B'(%8*�� �  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0� 
�
K���63,�B&6�0� 
�
K���8$57�B5761 
�
K���308B'(%8*��  

 
308B*5)B*3,2�'B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
����� 5: �[� JSLR�G�BVHO 

�
K���*3,2�B'� 
���� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���8$57�B7;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���8$57�B5;0�� �  

 
308B*5)B*3,2�'B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[� JSLR�G�BVHO 

�
K���*3,2�B'� 
� 52 �[� UHVHUYHG 
��� 5: �[� JSLR�G�BVHO 

�
K���*3,2�B'��  
� 52 �[� UHVHUYHG 
��� 5: �[� JSLR�G�BVHO 

�
K���*3,2�B'��  
 
308B*5)B*3,2�$B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
308B*5)B*3,2�%B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
308B*5)B*3,2�&B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
308B*5)B*3,2�'B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����5HVHUYHG� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����:HDN���SXOO�XS�� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����5HVHUYHG� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����:HDN���SXOO�XS�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����5HVHUYHG� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����:HDN���SXOO�XS�� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����5HVHUYHG� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����:HDN���SXOO�XS�� 

��� 5: �[� 5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
308B*5)B*3,2�$B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
308B*5)B*3,2�%B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
308B*5)B*3,2�&B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
308B*5)B*3,2�'B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[))) 5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  188 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
308B*5)B*3,2�$B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�%B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�&B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�'B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�$B686 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�%B686 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�&B686 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BVXV 
*3,2�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�'B686 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�G�BVXV 
*3,2�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BVXV 
*3,2�ZHDN�3XOO�.HHSHU�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

 
308B*5)B*3,2�$B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�D�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

 
308B*5)B*3,2�%B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

 
308B*5)B*3,2�&B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

 
308B*5)B*3,2�'B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[))) UHVHUYHG 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

 
308B*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
GGUSK\BEXIIHUHQBFRUH 
�
E���(QDEOH�GGUSK\�LR�UHWHQWLRQ� 
�
E���'LVDEOH�GGUSK\�LR�UHWHQWLRQ� 

�� 5: �[� 
GGUSK\BEXIIHUHQBVHO 
�
E���'GUSK\BEXIIHUHQ�IURP�SPX�DQG�GGUBIDLOBVDIH 
�
E���'GUSK\BEXIIHUHQ�IURP�GGUSK\BEXIIHUHQBFRUH 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  205 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[� UHVHUYHG 

� 5: �[� 

JUIBFRQBSPLFBVOHHSBVHO 
SPLF�VOHHS�IXQFWLRQ�VHOHFWLRQ 
�
E���)URP�UHVHW�SXOVH�JHQHUDWRU��FDQ�UHVHW�H[WHUQDO�30,& 
�
E���)URP�SPX�EORFN��RQO\�VXSSSRUW�VOHHS�IXQFWLRQ�IRU�H[WHUQDO�
30,& 

� 5: �[� 
XDUW�BFWVBVHO 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BUWVBVHO 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 52 �[� UHVHUYHG 

� 5: �[� 
GSOOBRVFBVRXUFHBVHO 
'3//�RVF�LQSXW�VRXUFH�VHOHFW 
�
E��� � IURP�PRUH�FORFN�EXIIHU�SDWK 
�
E��� � IURP�OHVV�FORFN�EXIIHU�SDWK 

� 5: �[� 
DSOOBRVFBVRXUFHBVHO 
$3//�RVF�LQSXW�VRXUFH�VHOHFW 
�
E��� � IURP�PRUH�FORFN�EXIIHU�SDWK 
�
E��� � IURP�OHVV�FORFN�EXIIHU�SDWK 

� 5: �[� 
L�F�BLRPX[BVHO 
L�F��,2�FRQWUROOHU�VHOHFW 
�
E���IURP�DFGFGLJ 
�
E���IURP�L�F��FRQWUROOHU 

� 5: �[� 
FRQB��NBLRH 
�
E���2XWSXW�PRGH 
�
E���,QSXW�PRGH� 

 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� UHVHWQBKROG 
3OHDVH�UHIHU�WR�SPXFUXBVRIWUVWBFRQ���(DFK�ELW�KDV�D�KROG 

 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� UHVHUYHG 
��� 5: �[�� UHVHWQBKROG 

3OHDVH�UHIHU�WR�SPXFUXBVBVRIWUVWBFRQ�>���@��(DFK�ELW�KDV�D�KROG 
 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� GVXBSDFWLYHBHQ 
FSXGVXSDFWLYH�HQDEOH 

�� 5: �[� GVXBUHWBHQ 
FSXGVX�UHWHQWLRQ�HQDEOH 

�� 5: �[� GVXBRIIBHQ 
FSXGVX�SRZHU�RII�HQ 

�� 5: �[� FRUHBSDFWLYHBHQ 
FSX�FRUH�SDFWLYH�HQDEOH 

�� 5: �[� FRUHBUHWBHQ 
FSX�FRUH�UHWHQWLRQ�HQDEOH 

�� 5: �[� FRUHBRIIBHQ 
FSX�FRUH�SRZHU�RII�HQ 

� 5: �[� FRUHBZILBHQ 
&38�FRUH�ZLI�HQDEOH 

� 5: �[� 

XSFWOBFBV\VUHTBFIJ 
�
E���$IWHU�GGU�IDLOVDIH�PRGXOH�HQWHUV�VHOI�UHIUHVK�VWDWXV��WKHQ�
UHTXHVW� �''5�FRQWUROOHU�WR�HQWHU�ORZ�SRZHU�VWDWH 
�
E���$OZD\V�HQDEOH�UHTXHVWLQJ�''5�FRQWUROOHU�WR�HQWHU�ORZ�SRZHU�
VWDWH��ZKHQ�GGU�IDLOVDIH�PRGXOH�LV�ZRUNLQJ 

� 5: �[� 
GGUBLRBUHWBRHQBFIJ 
GGUBLRBUHWBRHQBFIJ�ELW�FRQWURO 
�
E���GGUBLRBUHW�RXWSXW�HQDEOH 
�
E���GGUBLRBUHWBRXWSXW�GLVDEOH 

� 5: �[� 
GGUBLRBUHWBFIJ 
�
E���''5�LR�UHWHQWLRQ�PDQDJHG�E\�KDUGZDUH�DXWRPDWLFDOO\� 
�
E���(QDEOH�GGU�LR�UHWHQWLRQ�PDQXDOO\ 

� 5: �[� 
GGUBLRBUHWBGHBUHT 
5HTXHVW�WR�HQWHU�UHWHQWLRQ��GXULQJ�V\VWHP�IDLOXUH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GGUFBJDWLQJBHQ 
�
E���'LVDEOH�GGU�FORFN�JDWLQJ�GXULQJ�V\VWHP�IDLOXUH 
�
E���(QDEOH�GGU�FORFN�JDWLQJ�GXULQJ�V\VWHP�IDLOXUH 

� 5: �[� 
VUHIBHQWHUBHQ 
�
E���'LVDEOH�GGU�VHOI�UHIUHVK�HQWHU�ZKHQ�V\VWHP�LV�IDLOHG 
�
E���(QDEOH�GGU�VHOI�UHIUHVK�HQWHU�ZKHQ�V\VWHP�LV�IDLOHG 

� 5: �[� 
GGULRBUHWBHQ 
�
E���5HPDLQ�GGU�LR�VWDWXV�ZKHQ�V\VWHP�LV�IDLOHG 
�
E���(QDEOH�GGU�LR�UHWHQVLRQ�ZKHQ�V\VWHP�LV�IDLOHG 

� 5: �[� 
ZGWBVKXWBUHVHWBWULJJHUBHQ 
(QDEOH�IDLOVDIH�ZGW�LQSXW�  
�
E���'LVDEOH� 
�
E���(QDEOH� 

� 5: �[� 
WVDGFBVKXWBUHVHWBWULJJHUBHQ 
(QDEOH�IDLOVDIH�WVDGF�LQSXW�  
�
E���'LVDEOH� 
�
E���(QDEOH� 

 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� VSUDBKGBUWVHO 
7LPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 

����� 5: �[� VSUDBKGBZWVHO 
7LPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 

����� 5: �[� 
JSXBSZUHQBSRO 
JSX�SRZHU�FRQWURO�SRODUL\�FRQWURO 
�
E���KLJK�SRZHU�GRZQ�DVVHUWHG 
�
E���ORZ�SRZHU�GRZQ�DVVHUWHG 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

SZP�BLRPX[BVHO 
3:0��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 
�
E����5HVHUYHG 

��� 5: �[� 

SZP�BLRPX[BVHO 
3:0��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 
�
E����5HVHUYHG 

��� 5: �[� 

SZP�BLRPX[BVHO 
3:0��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 
�
E����5HVHUYHG 

 
308B*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[���E RXW�FKLSBUVWBLQLW 

RXW�FKLS�UVW�FRXQWHU�LQLWLDO�YDOXH 
 
308B*5)B62&B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[� UHVHUYHG 
��� 52 �[� ZIL�VWDWXV 

D���VWDQGE\ZIL 
 
308B*5)B,2B96(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
YFFLR��YROWDJH�FRQWURO�VHOHFW 
9&&,2��YROWDJH�FRQWURO�VHOHFWLRQ 
�
E���IURP�*3,2B�$� 
�
E���IURP�*5) 

 
308B*5)B,2B96(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BLGGT 
9&&,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBYFFLR�BVHO�� 
9&&,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 
308B*5)B,2B96(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
SRFBSPXLR�BLGGT 
308,2��LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBSPXLR�BLGGT 
308,2�� � LGGT�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRFBSPXLR�BVHO�� 
308,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� UHVHUYHG 

� 5: �[� 
SRFBSPXLR�BVHO�� 
308,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SRFBSPXLR�BVHO�� 
308,2�����9�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� UHVHUYHG 
 
308B*5)B'//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[��� SYWPBFONRXWBGLY 

SYWPFONRXW�GLYLGHU�YDOXH 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ� 26�UHJLVWHU 
 
308B*5)B26B5(*�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ�� 26�UHJLVWHU 
 
308B*5)B26B5(*�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBRVBUHJ�� 26�UHJLVWHU 
 
308B*5)B5(6(7B)81&7,21B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
� 5: �[� GGUBIDLOBVDIHBVUF 

GGUBIDLOBVDIH�LV�DFWLYH 
� 5: �[� WVDGFBVKXWBUHVHWBVUF 

5HVHW�E\�WVDGF�VKXW�WULJJHU 
� 5: �[� ZGWBUHVHWBVUF 

5HVHW�E\� �ZGW�WULJJHU 
� 5: �[� ILUVWBUHVHWBVUF 

5HVHW�E\�ILUVW�UHVHW�WULJJHU 
 
308B*5)B5(6(7B)81&7,21B&/5 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GGUBIDLOBVDIHBVUFBFOU 
&OHDU�ELW�IRU�GGUBIDLOBVDIH�LV�DFWLYH 
�
E���&OHDU�HQDEOH 
�
E���&OHDU�GLVDEOH 

� 5: �[� 
WVDGFBVKXWBUHVHWBVUFBFOU 
&OHDU�ELW�IRU�UHVHW�E\�WVDGF�VKXW�WULJJHU 
�
E���&OHDU�HQDEOH 
�
E���&OHDU�GLVDEOH 

� 5: �[� 
ZGWBUHVHWBVUFBFOU 
&OHDU�ELW�IRU�UHVHW�E\� �ZGW�WULJJHU 
�
E���&OHDU�HQDEOH 
�
E���&OHDU�GLVDEOH 

� 5: �[� 
ILUVWBUHVHWBVUFBFOU 
&OHDU�ELW�IRU�UHVHW�E\�ILUVW�UHVHW�WULJJHU 
�
E���&OHDU�HQDEOH 
�
E���&OHDU�GLVDEOH 

 
308B*5)B6,*B'(7(&7B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUTBPVN 
(QDEOH�VGPPFGHWHFWQQHJHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUTBPVN 
(QDEOH�VGPPFGHWHFWQSRVHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUTBPVN 
(QDEOH�VGPPFGHWHFWQQHJHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUTBPVN 
(QDEOH�VGPPFGHWHFWQSRVHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUTBPVN 
(QDEOH�VGPPFGHWHFWQQHJHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUTBPVN 
(QDEOH�VGPPFGHWHFWQSRVHGJHLUT 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B*5)B6,*B'(7(&7B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

� 5: �[� 
VGPPF�BGHWHFWQBQHJBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

� 5: �[� 
VGPPF�BGHWHFWQBSRVBLUT 
�
E���,UT�DVVHUWHG� 
�
E���1R�LUT 

 
308B*5)B6,*B'(7(&7B67$786B&/($5 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
� 5: �[� VGPPF�BGHWHFWQBQHJBLUTBFOU 

�
E���&OHDU�LUT 
� 5: �[� VGPPF�BGHWHFWQBSRVBLUTBFOU 

�
E���&OHDU�LUT 
� 5: �[� VGPPF�BGHWHFWQBQHJBLUTBFOU 

�
E���&OHDU�LUT 
� 5: �[� VGPPF�BGHWHFWQBSRVBLUTBFOU 

�
E���&OHDU�LUT 
� 5: �[� VGPPF�BGHWHFWQBQHJBLUTBFOU 

�
E���&OHDU�LUT 
� 5: �[� VGPPF�BGHWHFWQBSRVBLUTBFOU 

�
E���&OHDU�LUT 
 
308B*5)B6'00&B'(7B&2817(5 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[���H� VGPPFBGHWHFWQBFRXQW 

VGPPFBGHWHFWQBFRXQW�ELW�UHJLVWHU 
 

3.4 CPU_GRF Register Description  
3.4.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B&38B&25(3973//B&
21� �[���� : �[�������� &25(�3973//�FRQWURO�UHJLVWHU� 
*5)B&38B&25(3973//B&
21� �[���� : �[�������� &25(�3973//�FRQWURO�UHJLVWHU� 
*5)B&38B&25(3973//B&
21� �[���� : �[�������� &25(�3973//�FRQWURO�UHJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B&38B&25(3973//B&
21� �[���& : �[�������� &25(�3973//�FRQWURO�UHJLVWHU� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*5)B&38B&25(3973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
����� 5: �[� FRUHBSYWSOOBFONBGLYBFQW 

FRUH�SYWSOO�FORFN�RXW�GLYLGHG�QXEHU 
�� 52 �[� UHVHUYHG 

��� 5: �[� 

FRUHBSYWSOOBRVFBVHO 
RVFBULQJ�VHOHFWLRQ� 
�
E����RVFBULQJ�� 
�
E����RVFBULQJ�� 
�
E����RVFBULQJ�� 
�
E����RVFBULQJ�� 

��� 5: �[�� 

FRUHBSYWSOOBULQJBOHQJWKBVHO 
FRUH�SYWSOO�GHOD\�FHOO�HOHPHQW�QXPEHU�FRQWURO 
�
E����������  
�
E��������� 
�
E��������� 
�
E��������� 
�
E��������� 
�
E��������� 
�
E��������� 
�
E��������� 
��� 
�
E��������� 

� 5: �[� FRUHBSYWSOOBRXWBSRODU 
3973//�RXWSXW�SRODULW\ 

� 5: �[� FRUHBSYWSOOBRVFBHQ 
6HW�KLJK�WR�HQDEOH�WKH�RVFBULQJ�LQ�WKH�3973// 

� 5: �[� FRUHBSYWSOOBVWDUW 
6HW�KLJK�WR�VWDUW�3973// 

 
*5)B&38B&25(3973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRUHBSYWSOOBFDOBFQW SYWSOO�FDOFXODWLRQ�FRXQWHU 
 
*5)B&38B&25(3973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRUHBSYWSOOBWKUHVKROG 6HW�KLJK�WR�VWDUW�3973// 
 
*5)B&38B&25(3973//B&21� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRUHBSYWSOOBUHIBFQW 5HIHUHQFH�FORFN�IUHTXHQF\�FRXQWHU�YDOXH� 
 

3.5 DDR_GRF Register Description  
3.5.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

''5B*5)B&21� �[���� : �[�������� ''5�&RQWURO�5HJLVWHU� 
''5B*5)B&21� �[���� : �[�������� ''5�&RQWURO�5HJLVWHU� 
''5B*5)B&21� �[���� : �[����)%)) ''5�&RQWURO�5HJLVWHU� 
''5B*5)B&21� �[���& : �[����(��� ''5�&RQWURO�5HJLVWHU� 
''5B*5)B&21� �[���� : �[�������� ''5�&RQWURO�5HJLVWHU� 
''5B*5)B63/,7B&21 �[���� : �[�������� ''5�$;,�63/,7�&RQWURO�5HJLVWHU 
''5B*5)B/3B&21 �[���� : �[�������� ''5�3+<�/RZHU�3RZHU�&RQWURO�5HJLVWHU 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���& : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���& : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU� 
''5B*5)B67$786�� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU�� 
''5B*5)B67$786�� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU�� 
''5B*5)B67$786�� �[���� : �[�������� ''5�6WDWXV�5HJLVWHU�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.5.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
''5B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
�� 5: �[� DZSRLVRQ 

$;,�ZULWH�SRLVRQ�FRQWURO 
�� 5: �[� DZXUJHQW 

$;,�ZULWH�XUJHQW�FRQWURO 
�� 5: �[� DUSRLVRQ 

$;,�UHDG�SRLVRQ�FRQWURO 
�� 5: �[� DUXUJHQW 

$;,�EXV�UHDG�XUJHQW�FRQWURO 

�� 5: �[� 
SDBZPDVN 
:KHQ�DVVHUWHG�DFWLYH�KLJK���LW�ZLOO�SUHYHQW�WKH�FRUUHVSRQGLQJ�
ZULWH�WR�3$ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
SDBUPDVN 
:KHQ�DVVHUWHG�DFWLYH�KLJK���LW�ZLOO�SUHYHQW�WKH�FRUUHVSRQGLQJ�
UHDG�WR�3$ 

� 5: �[� DUDXWRSUH 
$;,�DXWR�SUHFKDUJH�VLJQDO�IRU�UHDG�FRPPDQG��  

� 5: �[� 
DZDXWRSUH 
$;,�DXWR�SUHFKDUJH�VLJQDO�IRU�ZULWH�FRPPDQG 
 

� 5: �[� 
FV\VUHTBXSFWOBGGUVWGE\ 
�
E���'LVDEOH�VWGE\�FRQWUROV�XSFWOFV\VUHTBGGUF 
�
E���(QDEOH�VWGE\�FRQWURO�XSFWOFV\VUHTBGGUF 

� 52 �[� UHVHUYHG 

� 5: �[� 
FV\VUHTBDFON 
�
E���5HTXHVW�XSFWODFON�HQWHU�ORZ�SRZHU 
�
E���5HTXHVW�XSFWODFON�H[LW�ORZ�SRZHU 

� 5: �[� GILBLQLWBVWDUW 
GILBLQLW�VWDUW�YDOXH 

� 5: �[� 
GILBLQLWBVWDUWBVHO 
�
E���8SFWO�FRQWUROV�GILBLQLWBVWDUW 
�
E���*UIBGILBLQLWBVWDUW�FRQWUROV�GILBLQLWBVWDUW 

� 5: �[� 
XSFWOBVOYHUUBHQDEOH 
�
E���'LVDEOH�XSFWODSEVOYHUU�UHVSRQVH 
�
E���(QDEOH�XSFWWODSEVOYHUU�UHVSRQVH 

 
''5B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[� GGUFBDXWRBVUBGO\ 

7KH�GHOD\�RI�DXWR�JDWHG�GGUFBFRUHBFON��,W�VKRXOG�EH�WR�EH��[� 
��� 52 �[� UHVHUYHG 

� 5: �[� 
XSFWO�BSGVUOSBFJBHQ 
''5� � FORFN�JDWLQJ�FRQWURO�DIWHU�HQWHU�3'�65�VWDWH 
�
E���(QDEOH�FORFN�JDWLQJ 
�
E���'LVDEOH�FORFN�JDWLQJ 

� 5: �[� 

XSFWO�BV\VFUHTBFJBHQ 
�
E���'LVDEOH�IRUFH�GGUFBFRUHBFONXQJDWLQJ�ZKHQ�H[WHUQDO�
GGUFBFV\VUHT�DVVHUWHG 
�
E���(QDEOH�IRUFH�GGUFBFRUHXQJDWLQJ�ZKHQ�H[WHUQDO�
GGUFBFV\VUHT�DVVHUWHG 

� 5: �[� 
VHOIUHIBW\SH�BHQ 
�
E���'LVDEOH�GGUFBFRUHBFON�DXWR�JDWLQJ�LQ�W\SH��VHOIUHIUHVK 
�
E���(QDEOH�GGUFBFRUHBFON�DXWR�JDWLQJ�LQ�W\SH��VHOIUHIUHVK 

� 5: �[� 
XSFWOBFRUHBFJBHQ 
�
E���'LVDEOH�GGUFBFRUHBFON�DXWR�JDWLQJ 
�
E���(QDEOH�GGUFBFRUHBFON�DXWR�JDWLQJ 

� 5: �[� 

XSFWOBDSEBFJBHQ 
�
E���'LVDEOH�IXQFWLRQ�RI�IRUFH�DFON�GGUFBFRUHBFON�XQJDWHG�ZKHQ�
DSE�DFFHVV�LV�JRLQJ 
�
E���(QDEOH�IXQFWLRQ�RI�IRUFH�DFON�GGUFBFRUHBFON�XQJDWHG�ZKHQ�
DSE�DFFHVV�LV�JRLQJ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
XSFWOBD[LBFJBHQ 
�
E���'LVDEOH�DFON�DXWR�JDWLQJ 
�
E���(QDEOH�DFON�DXWR�JDWLQJ 

 
''5B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
GGUFBOSLBFJBHQ 
�
E��HQDEOH�GGUF�/3,�DXWR�JDWLQJ�IXQFWLRQ 
�
E��GLVDEOH�GGUF�/3,�DXWR�JDWLQJ�IXQFWLRQ 

����� 5: �[I 

GILBSK\PVWUBFVBVWDWH 
'),�3+<�0DVWHU�&6�6WDWH��,QGLFDWHV�WKH�VWDWH�RI�WKH�'5$0�ZKHQ�
WKH�3+<�EHFRPHV�WKH�PDVWHU� 
�
E���7KH�3+<�VSHFLILHV�WKH�UHTXLUHG�VWDWH��XVLQJ�WKH�
GILBSK\PVWUBVWDWHBVHO�VLJQDO 
�
E���7KH�3+<�GRHV�QRW�VSHFLI\�WKH�VWDWH 
(DFK�PHPRU\�UDQN�XVHV�RQH�ELW� 

�� 52 �[� UHVHUYHG 

��� 5: �[�II 

GGUBFONBJDWH 
HDFK�ELW�LV�GHGLFDWHG�IRU�D�VXEEORFN�DXWR�JDWLQJ�IXQFWLRQ�LQVLGH�
GGU�FRQWURO 
�
E��HQDEOH�DXWR�JDWLQJ 
�
E��GLVDEOH�DXWR�JDWLQJ 

 
''5B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

GTBVZDSBVHO� 
VHOHFW�ZKLFK�GILGT�E\WH�LV�XVHG�IRU�GT�E\WH���LQ�,2 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 

����� 5: �[� 

GTBVZDSBVHO� 
VHOHFW�ZKLFK�GILGT�E\WH�LV�XVHG�IRU�GT�E\WH���LQ�,2 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 

����� 5: �[� 

GTBVZDSBVHO� 
VHOHFW�ZKLFK�GILGT�E\WH�LV�XVHG�IRU�GT�E\WH���LQ�,2 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

GTBVZDSBVHO� 
VHOHFW�ZKLFK�GILGT�E\WH�LV�XVHG�IRU�GT�E\WH���LQ�,2 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 
�
E���GILGT�E\WH���LV�XVHG�IRU�E\WH� 

� 5: �[� 
GTBVZDSBHQ 
GGUGILGT�VZDS�HQDEOH 
�
E��HQDEOH 
�
E��GLVDOEH 

��� 5: �[� 

FV\VUHTBGGUFBVHO 
FV\VUHTBGGUF�VRXUFH�VHOHFW 
�
E����JUIBFRQBFV\VUHTBGGUF 
�
E����FV\VUHTBXSFWOBSPX 
�
E����FV\VUHTBGGUFBDXWRJDWH 
�
E����KZIIFBFV\VUHTBGGUF 

� 5: �[� 
FV\VUHTBGGUF 
''5&�+DUGZDUH�/RZ�3RZHU�5HTXHVW��5HTXHVW�IURP�WKH�V\VWHP�
FORFN�FRQWUROOHU�IRU�WKH�SHULSKHUDO��''5&��WR�HQWHU�D�ORZ�SRZHU�
VWDWH� 

��� 5: �[� 

GILBSK\PVWUBW\SH 
'),�3+<�0DVWHU�7\SH��,QGLFDWHV�ZKLFK�RI�WKH���W\SHV�RI�3+<�
PDVWHU�LQWHUIDFH�WLPHV�WKH�GILBSK\PVWUBUHT�VLJQDO�LV�UHTXHVWLQJ� 
�
E����WSK\PVWUBW\SH� 
�
E����WSK\PVWUBW\SH� 
�
E����WSK\PVWUBW\SH� 
�
E����WSK\PVWUBW\SH� 

� 5: �[� 

GILBSK\PVWUBVWDWHBVHO 
'),�3+<�0DVWHU�6WDWH�6HOHFW��,QGLFDWHV�WKH�VWDWH�UHTXHVWHG�E\ 
WKH�3+<� 
�
E���,'/( 
�
E���6HOI�5HIUHVK 

� 52 �[� UHVHUYHG 
 
''5B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 
VLOHQWBWKUHVKROG 
VLOHQW�WKUHVKROG�IRU�KRZ�PDQ\�LGOH�F\FOHV�EHIRUH�/3,�PDFKLQ�VHQG�
UHTXHVW�WR�''5& 
 

 
''5B*5)B63/,7B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

6302'( 
6SOLW�PRGH�VHOHFW� 
�
E���''5�FRQWUROOHU�DQG�SK\�ZRUNV�DW����ELWV�PRGH��/RZ����ELWV�
DUH�YDOLG�LI�DFFHVV�DGGUHVV�LV�DERYH�VSOLW�DGGUHVV� 
�
E���''5�FRQWUROOHU�DQG�SK\�ZRUNV�DW����ELWV�PRGH��+LJK����
ELWV�DUH�YDOLG�LI�DFFHVV�DGGUHVV�LV�DERYH�VSOLW�DGGUHVV� 
�
E���''5�FRQWUROOHU�DQG�SK\�ZRUNV�DW����ELWV�PRGH��/RZ���ELWV�
DUH�YDOLG�LI�DFFHVV�DGGUHVV�LV�DERYH�VSOLW�DGGUHVV� 
�
E���''5�FRQWUROOHU�DQG�SK\�ZRUNV�DW����ELWV�PRGH��+LJK���ELWV�
DUH�YDOLG�LI�DFFHVV�DGGUHVV�LV�DERYH�VSOLW�DGGUHVV 

� 5: �[� 
%<3$66 
�
E���(QDEOH�D[L�VSOLW 
�
E���%\SDVV�D[L�VSOLW 

��� 5: �[�� 

63$''5 
6SOLW�DGGUHVV�KLJK���ELWV�RI���ELW�DGGUHVV��)RU�H[DPSOH��LI�
63$''5 �[����WKHQ�WKH�VSOLW�DGGUHVV�LV��[����������7KH�
D[LBVSOLW�PRGXOH�ZLOO�EH�E\SDVVHG�LI�UHDGLQJ�RU�ZULWLQJ�''5�EHORZ�
VSOLW�DGGUHVV��RWKHUZLVH�D[L�EXUVW�ZLOO�EH�VSOLW 

 
''5B*5)B/3B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
VUBFWOBHQ 
�
E���'LVDEOH�VU�H[LW�HQWHU�UHORDG�LQYHUVH�OSFNGLVBLQL 
�
E���(QDEOH�VU�H[LW�HQHWHU�UHORDG�LQYHUVH�OSFNGLVBLQL 

�� 5: �[� 
SGBFWOBHQ 
�
E���'LVDEOH�SG�H[LW�HQWHU�UHORDG�LQYHUVH�OSFNGLVBLQL 
�
E���(QDEOH�SG�H[LW�HQHWHU�UHORDG�LQYHUVH�OSFNGLVBLQL 

����� 52 �[� UHVHUYHG 

� 5: �[� 
OSFNGLVBHQ 
�
E���'LVDEOH�GGUSK\�ORZ�SRZHU�IXFWLRQ 
�
E���(QDEOH�GGUSK\�ORZ�SRZHU�IXQFWLRQ 

� 5: �[� OSFNGLVBLQL 
OSFNGLVLQWLDO�YDOXH 

��� 52 �[�� UHVHUYHG 

� 5: �[� 
OS��BPRGH 
�
E���'LVDEOH�/3''5��/3''5��PRGH 
�
E���(QDEOH�/3''5��/3''5��PRGH 

� 52 �[� UHVHUYHG 

� 5: �[� 
GGU��BPRGH 
�
E���'LVDEOH�''5��''5��PRGH 
�
E���(QDEOH�''5��''5��PRGH 

 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
PUUBGDWD�>����@ 
''5B67$786�a''5B67$786��DUH�0RGH�5HJLVWHU�5HDG�'DWD��
PUUBGDWD�>����@�GDWD�VWDWXV� 
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''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�����@ PUUBGDWD�>�����@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�����@ PUUBGDWD�>�����@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>������@ PUUBGDWD�>������@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�������@ PUUBGDWD�>�������@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>����@ PUUBGDWD�>����@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�����@ PUUBGDWD�>�����@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�����@ PUUBGDWD�>�����@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
� 52 �[� GILBVFUDPEOHBVKLIWBUHDG\ 

7KH�VWDWXV�RI�GILBVFUDPEOHBVKLIWBUHDG\ 
��� 52 �[� GGUFBUHJBVHOIUHIBW\SH 

7KH�VWDWXV�RI�GGUFBUHJBVHOIUHIBW\SH 
� 52 �[� FDFWLYHBDFON 

7KH�VWDWXV�RI�FDFWLYHBDFON 
� 52 �[� FV\VDFONBDFON 

7KH�VWDWXV�RI�FV\VDFONBDFON 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� FRQBFV\VUHTBDFON 

7KH�VWDWXV�RI�FRQBFV\VUHTBDFON 
� 52 �[� FDFWLYHBGGUF 

7KH�VWDWXV�RI�H[WHUQDO�FDFWLYHBGGUF 
� 52 �[� FV\VDFNBGGUF 

7KH�VWDWXV�RI�H[WHUQDO�FV\VDFNBGGUF 
� 52 �[� FV\VUHTBGGUF 

7KH�VWDWXV�RI�H[WHUQDO�FV\VUHTBGGUF 
 
''5B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� GILBOSBFNBGLVDEOH 

7KH�VWDWXV�RI� � ORZ�SRZHU�RI�GGUSK\ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

ZUBFUHGLWBFQW 
,QGLFDWHV�WKH�QXPEHU�RI�DYDLODEOH�ZULWH�&$0�VORWV��IUHH�
SRVLWLRQV�� 
(DFK�VORWV�KROGV�D�'5$0�EXUVW� 
9DOXH�LV�GHFUHPHQWHG�LQFUHPHQWHG�DV�WKH�FRPPDQGV�IORZ�LQ�RXW 
RI�WKH�ZULWH�&$0� 

�� 52 �[� UHVHUYHG 

���� 52 �[�� 

KSUBFUHGLWBFQW 
,QGLFDWHV�WKH�QXPEHU�RI�DYDLODEOH�+LJK�SULRULW\�UHDG�&$0�VORWV 
�IUHH�SRVLWLRQV�� 
(DFK�VORWV�KROGV�D�'5$0�EXUVW��&KDQQHO���� 
9DOXH�LV�GHFUHPHQWHG�LQFUHPHQWHG�DV�WKH�FRPPDQGV�IORZ�LQ�RXW 
RI�WKH�UHDG�&$0��+35�VWRUH�� 

� 52 �[� UHVHUYHG 

��� 52 �[�� 

OSUBFUHGLWBFQW 
,QGLFDWHV�WKH�QXPEHU�RI�DYDLODEOH�/RZ�SULRULW\�UHDG�&$0�VORWV 
�IUHH�SRVLWLRQV�� 
(DFK�VORWV�KROGV�D�'5$0�EXUVW��&KDQQHO���� 
9DOXH�LV�GHFUHPHQWHG�LQFUHPHQWHG�DV�WKH�FRPPDQGV�IORZ�LQ�RXW 
RI�WKH�UHDG�&$0��/35�VWRUH�� 

 
''5B*5)B67$786�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>������@ PUUBGDWD�>������@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� PUUBGDWD�>�������@ PUUBGDWD�>�������@�GDWD�VWDWXV��6HH�''5B67$786� 
 
''5B*5)B67$786�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[��� 

KLIBUHIUHVKBUHTBEDQN 
,QGLFDWHV�WKH�QH[W�EDQN�WKDW�LV�UHIUHVKHG��IRU�PXOWL�UDQN 
FRQILJXUDWLRQV��WKH�EDQN�QXPEHU�LV�UHSRUWHG�LQGHSHQGHQWO\�IRU 
HDFK�UDQN��DQG�WKH�LQIRUPDWLRQ�IRU�DOO�UDQNV�LV�FRQFDWHQDWHG�WR 
IRUP�WKLV�VLJQDO� 

��� 52 �[�� 

ZUHFFBFUHGLWBFQW 
,QGLFDWHV�WKH�QXPEHU�RI�DYDLODEOH�ZULWH�(&&�&$0�VORWV��IUHH 
SRVLWLRQV�� 
(DFK�VORWV�KROGV�D�'5$0�EXUVW� 
9DOXH�LV�GHFUHPHQWHG�LQFUHPHQWHG�DV�WKH�FRPPDQGV�IORZ�LQ�RXW 
RI�WKH�ZULWH�(&&�&$0 

 

3.6 PIPE_GRF Register Description  
3.6.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3,3(B*5)B3,3(B&21� �[���� : �[�����'�� 3,3(�FRQWURO�UHJLVWHU� 
3,3(B*5)B6$7$B&21� �[���� : �[�������� 6$7$�FRQWURO�UHJLVWHU� 
3,3(B*5)B6$7$B&21� �[���� : �[�������� 6$7$�FRQWURO�UHJLVWHU� 
3,3(B*5)B6$7$B&21� �[���� : �[�������� 6$7$�FRQWURO�UHJLVWHU� 
3,3(B*5)B;3&6B&21� �[���� : �[�������� ;3&6�FRQWURO�UHJLVWHU� 
3,3(B*5)B;3&6B67$786
� �[���� : �[�������� ;3&6�VWDWXV�UHJLVWHU 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B67
$786B/$7� �[���� : �[�������� XVE�RWJ��VWDWXVBODW��UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786B/$7� �[���� : �[�������� XVE�RWJ��VWDWXVBODW��UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786B&% �[���� : �[�������� XVE�RWJ��VWDWXVBFE�UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786 �[���& : �[�������� XVE�RWJ��VWDWXV�UHJLVWHU 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B&2
1� �[���� : �[�������� XVE�RWJ��FRQWURO�UHJLVWHU� 
3,3(B*5)B86%�27*�B67
$786B/$7� �[���� : �[�������� XVE�RWJ��VWDWXVBODW��UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786B/$7� �[���� : �[�������� XVE�RWJ��VWDWXVBODW��UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786B&% �[���� : �[�������� XVE�RWJ��VWDWXVBFE�UHJLVWHU 
3,3(B*5)B86%�27*�B67
$786 �[���� : �[�������� XVE�RWJ��VWDWXV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
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3.6.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3,3(B*5)B3,3(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� VDWD�BSFONUHTBQ 
VDWD�BSFONUHTBQ�LQSXW�SRUW�FRQWURO 

�� 5: �[� VDWD�BSK\BU[BHUU 
VDWD��SK\BU[BHUU�LQSXW�FRQWURO 

����� 5: �[� 

VDWD�BSK\BVSGPRGH 
VDWD��SK\BVSGPRGH�LQSXW�FRQWURO 
�
E�������*E�V 
�
E�������*E�V 
�
E�������*E�V 
�
E����5HVHUYHG 

�� 5: �[� VDWD�BSFONUHTBQ 
VDWD�BSFONUHTBQ�LQSXW�SRUW�FRQWURO 

�� 5: �[� VDWD�BSK\BU[BHUU 
VDWD��SK\BU[BHUU�LQSXW�FRQWURO 

��� 5: �[� 

VDWD�BSK\BVSGPRGH 
VDWD��SK\BVSGPRGH�LQSXW�FRQWURO 
�
E�������*E�V 
�
E�������*E�V 
�
E�������*E�V 
�
E����5HVHUYHG 

� 5: �[� VDWD�BSFONUHTBQ 
VDWD�BSFONUHTBQ�LQSXW�SRUW�FRQWURO 

� 5: �[� VDWD�BSK\BU[BHUU 
VDWD��SK\BU[BHUU�LQSXW�FRQWURO 

��� 5: �[� 

VDWD�BSK\BVSGPRGH 
VDWD��SK\BVSGPRGH�LQSXW�FRQWURO� 
�
E�������*E�V 
�
E�������*E�V 
�
E�������*E�V 
�
E����5HVHUYHG 

� 52 �[� UHVHUYHG 
� 5: �[� SFLH��[�BOLQNBUVWBJUW 

3&,H��[��OLQN�UHVW�JUDQW�FRQWURO 
� 5: �[� SFLH��[�BOLQNBUVWBJUW 

3&,H��[��OLQN�UHVW�JUDQW�FRQWURO 
� 5: �[� SFLH��BOLQNBUVWBJUW 

3&,H���OLQN�UHVW�JUDQW�FRQWURO 
 
3,3(B*5)B6$7$B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� VDWD�BW[FRPPRQPRGHBGLVDEOH 
7;�FRPPRQ�PRGH�GLVDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� VDWD�BU[HOHFLGOHBGLVDEOH 

7;�RXWSXW�WR�HOHFWULFDO�LGOH�GLVDEOH 

����� 5: �[� 
VDWD�BW[PDUJLQ 
7;B6:,1*�DQG�7;B0$5*,1>���@�DUH�FRPELQHG�WRJHWKHU�WR�
FRQWURO�7;�RXWSXW�DPSOLWXGH 

���� 5: �[� VDWD�BW[GHHPSK 
7UDQVPLWWHU�GH�HPSKDVLV�OHYHO�FRQILJXUDWLRQ 

� 5: �[� 

VDWD�BW[VZLQJ 
SK\�7;B6:,1*�FRQWURO 
:KHQ�7;B6:,1*� ���WUDQVPLWWHU�LV�LQ�ORZ�VZLQJ�PRGH��WKH�
RXWSXW�DPSOLWXGH�FDQ�DFKLHYH�
���P9����P9����PY����P9����P9�����P9�����P9�DQG�
����P9�WKH����P9�WR�����P9�RXWSXW�KDV�QR�GLIIHUHQFH�ZLWK�WKH�
FDVHV�ZKHQ�7;B6:,1*� �� 

� 5: �[� 

VDWD�BW[RQHV]HURV 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�IRU�WUDQVPLWWLQJ�FRPSOLDQFH�
SDWWHUQ�&3��DQG�&3�� 
:KHQ�VHW�WR�KLJK��LW�FDXVHV�WKH�WUDQVPLWWHU�WR�WUDQVPLW�DQ�
DOWHUQDWLQJ�VHTXHQFH�RI��V�DQG��V��UHJDUGOHVV�WKH�VWDWHV�RI�
7;B'$7$� 
,Q�3&,(�DQG�6$7$�PRGH��WKLV�VLJQDO�VKRXOG�EH�WLHG�WR�ORZ 

� 5: �[� 

VDWD�BFRPSOLDQFH 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ� 
7;B&203/,$1&(�EHFRPH�KLJK�ZLOO�VHW�WKH�UXQQLQJ�GLVSDULW\�WR�
QHJDWLYH� 
7KH�ORZHVW�E\WH�RI���ELWV�WUDQVPLWWHG�GDWD�ZLOO�EH�WKH�E\WH�WKDW�
UXQQLQJ�GLVSDULW\�VHW�WR�QHJDWLYH� 
:KHQ�7;B&203/,$1&(�DQG�7;B(/(&,'/(�DUH�ERWK�VHW�WR�ORZ��
3+<�,3�LV�SRZHU 
GRZQ�FRPSOHWHO\� 
5HIHU�WR�3,3(�VSHF�IRU�GHWDLO�GHVFULSWLRQ 

� 5: �[� 

VDWD�BU[WHUPLQDWLRQ 
&RQQHFW�5HPRYH�RI�UHFHLYHU�WHUPLQDWLRQ�UHVLVWRU� 
��&�5;�WHUPLQDWLRQ�UHPRYHG 
��&�5;�WHUPLQDWLRQ�FRQQHFWHG 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�KLJK 

� 5: �[� 

VDWD�BU[SRODULW\ 
3+<�5;�SRODULW\�LQYHUVLRQ�FRQWURO 
:KHQ�WKLV�VLJQDO�VHW�WR�KLJK��LW�LQVWUXFWV�D�SRODULW\�LQYHUVLRQ�LQ�
5;B'$7$� 
5;B32/$5�DSSOLHV�WR�86%����DQG�3&,(�PRGH�RQO\��LQ�6$7$�PRGH�
LW�VKRXOG�EH�WLHG�WR�ORZ 

� 5: �[� 

VDWD�BU[HTWUDLQ 
5;�(4�WUDLQLQJ�PRGH�HQDEOH�VLJQDO� 
7KLV�VLJQDO�LV�XVHG�WR�LQVWUXFW�WKH�UHFHLYHU�WR�E\SDVV�QRUPDO�
RSHUDWLRQ�DQG�SHUIRUP�HTXDOL]DWLRQ�WUDLQLQJ��7KLV�VLJQDO�LV�XVHG�LQ�
86%����PRGH�RQO\��VKRXOG�EH�VHW�WR�ORZ�LQ�DQ\�RWKHU�DSSOLFDWLRQ� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  226 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VDWD�BO�VXEBHQWUHT 
/��VXE�VWDWH�HQWU\�UHTXHVW��:KHQ�VHW�WR�KLJK��LW�LQVWUXFWV�3+<�WR�
GR�SRZHU�WUDQVLWLRQ�WR�/� 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ 
7KLV�VLJQDO�FRXOG�FRQQHFWHG�WR�WKH�/��VXE�VWDWH�HQDEOH�UHTXHVW�
VLJQDO�IURP�FRQWUROOHU 

� 5: �[� 

VDWD�BHQFRGHGHFRGHE\SDVV 
&RQWUROV�ZKHWKHU�WKH�3+<�SHUIRUPV��E���E�HQFRGH�DQG�GHFRGH� 
�
E�����E���E�HQFRGH�GHFRGH�SHUIRUPHG�QRUPDOO\�E\�WKH�3+<� 
�
E�����E���E�HQFRGH�GHFRGH�E\SDVVHG����ELW 
�E���E�HQFRGH�GHFRGH�E\SDVV�PRGH�ZRUNV�RQO\�ZKHQ�
%86B:,'7+ �E�� 

� 5: �[� 
VDWD�BHODVEXIIHUPRGH 
�
E���1RPLQDO�KDOI�IXOO�EXIIHU�PRGH 
�
E���1RPLQDO�HPSW\�EXIIHU�PRGH 

 
3,3(B*5)B6$7$B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� VDWD�BW[FRPPRQPRGHBGLVDEOH 
7;�FRPPRQ�PRGH�GLVDEOH 

�� 5: �[� VDWD�BU[HOHFLGOHBGLVDEOH 
7;�RXWSXW�WR�HOHFWULFDO�LGOH�GLVDEOH 

����� 5: �[� 
VDWD�BW[PDUJLQ 
7;B6:,1*�DQG�7;B0$5*,1>���@�DUH�FRPELQHG�WRJHWKHU�WR�
FRQWURO�7;�RXWSXW�DPSOLWXGH 

���� 5: �[� VDWD�BW[GHHPSK 
7UDQVPLWWHU�GH�HPSKDVLV�OHYHO�FRQILJXUDWLRQ 

� 5: �[� 

VDWD�BW[VZLQJ 
SK\�7;B6:,1*�FRQWURO 
:KHQ�7;B6:,1*� ���WUDQVPLWWHU�LV�LQ�ORZ�VZLQJ�PRGH��WKH�
RXWSXW�DPSOLWXGH�FDQ�DFKLHYH�
���P9����P9����PY����P9����P9�����P9�����P9�DQG�
����P9�WKH����P9�WR�����P9�RXWSXW�KDV�QR�GLIIHUHQFH�ZLWK�WKH�
FDVHV�ZKHQ�7;B6:,1*� �� 

� 5: �[� 

VDWD�BW[RQHV]HURV 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�IRU�WUDQVPLWWLQJ�FRPSOLDQFH�
SDWWHUQ�&3��DQG�&3�� 
:KHQ�VHW�WR�KLJK��LW�FDXVHV�WKH�WUDQVPLWWHU�WR�WUDQVPLW�DQ�
DOWHUQDWLQJ�VHTXHQFH�RI��V�DQG��V��UHJDUGOHVV�WKH�VWDWHV�RI�
7;B'$7$� 
,Q�3&,(�DQG�6$7$�PRGH��WKLV�VLJQDO�VKRXOG�EH�WLHG�WR�ORZ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VDWD�BFRPSOLDQFH 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ� 
7;B&203/,$1&(�EHFRPH�KLJK�ZLOO�VHW�WKH�UXQQLQJ�GLVSDULW\�WR�
QHJDWLYH� 
7KH�ORZHVW�E\WH�RI���ELWV�WUDQVPLWWHG�GDWD�ZLOO�EH�WKH�E\WH�WKDW�
UXQQLQJ�GLVSDULW\�VHW�WR�QHJDWLYH� 
:KHQ�7;B&203/,$1&(�DQG�7;B(/(&,'/(�DUH�ERWK�VHW�WR�ORZ��
3+<�,3�LV�SRZHU 
GRZQ�FRPSOHWHO\� 
5HIHU�WR�3,3(�VSHF�IRU�GHWDLO�GHVFULSWLRQ 

� 5: �[� 

VDWD�BU[WHUPLQDWLRQ 
&RQQHFW�5HPRYH�RI�UHFHLYHU�WHUPLQDWLRQ�UHVLVWRU� 
��&�5;�WHUPLQDWLRQ�UHPRYHG 
��&�5;�WHUPLQDWLRQ�FRQQHFWHG 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�KLJK 

� 5: �[� 

VDWD�BU[SRODULW\ 
3+<�5;�SRODULW\�LQYHUVLRQ�FRQWURO 
:KHQ�WKLV�VLJQDO�VHW�WR�KLJK��LW�LQVWUXFWV�D�SRODULW\�LQYHUVLRQ�LQ�
5;B'$7$� 
5;B32/$5�DSSOLHV�WR�86%����DQG�3&,(�PRGH�RQO\��LQ�6$7$�PRGH�
LW�VKRXOG�EH�WLHG�WR�ORZ 

� 5: �[� 

VDWD�BU[HTWUDLQ 
5;�(4�WUDLQLQJ�PRGH�HQDEOH�VLJQDO� 
7KLV�VLJQDO�LV�XVHG�WR�LQVWUXFW�WKH�UHFHLYHU�WR�E\SDVV�QRUPDO�
RSHUDWLRQ�DQG�SHUIRUP�HTXDOL]DWLRQ�WUDLQLQJ��7KLV�VLJQDO�LV�XVHG�LQ�
86%����PRGH�RQO\��VKRXOG�EH�VHW�WR�ORZ�LQ�DQ\�RWKHU�DSSOLFDWLRQ� 

� 5: �[� 

VDWD�BO�VXEBHQWUHT 
/��VXE�VWDWH�HQWU\�UHTXHVW��:KHQ�VHW�WR�KLJK��LW�LQVWUXFWV�3+<�WR�
GR�SRZHU�WUDQVLWLRQ�WR�/� 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ 
7KLV�VLJQDO�FRXOG�FRQQHFWHG�WR�WKH�/��VXE�VWDWH�HQDEOH�UHTXHVW�
VLJQDO�IURP�FRQWUROOHU 

� 5: �[� 

VDWD�BHQFRGHGHFRGHE\SDVV 
&RQWUROV�ZKHWKHU�WKH�3+<�SHUIRUPV��E���E�HQFRGH�DQG�GHFRGH� 
�
E�����E���E�HQFRGH�GHFRGH�SHUIRUPHG�QRUPDOO\�E\�WKH�3+<� 
�
E�����E���E�HQFRGH�GHFRGH�E\SDVVHG����ELW 
�E���E�HQFRGH�GHFRGH�E\SDVV�PRGH�ZRUNV�RQO\�ZKHQ�
%86B:,'7+ �E�� 

� 5: �[� 
VDWD�BHODVEXIIHUPRGH 
�
E���1RPLQDO�KDOI�IXOO�EXIIHU�PRGH 
�
E���1RPLQDO�HPSW\�EXIIHU�PRGH 

 
3,3(B*5)B6$7$B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� VDWD�BW[FRPPRQPRGHBGLVDEOH 
7;�FRPPRQ�PRGH�GLVDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� VDWD�BU[HOHFLGOHBGLVDEOH 

7;�RXWSXW�WR�HOHFWULFDO�LGOH�GLVDEOH 

����� 5: �[� 
VDWD�BW[PDUJLQ 
7;B6:,1*�DQG�7;B0$5*,1>���@�DUH�FRPELQHG�WRJHWKHU�WR�
FRQWURO�7;�RXWSXW�DPSOLWXGH 

���� 5: �[� VDWD�BW[GHHPSK 
7UDQVPLWWHU�GH�HPSKDVLV�OHYHO�FRQILJXUDWLRQ 

� 5: �[� 

VDWD�BW[VZLQJ 
SK\�7;B6:,1*�FRQWURO 
:KHQ�7;B6:,1*� ���WUDQVPLWWHU�LV�LQ�ORZ�VZLQJ�PRGH��WKH�
RXWSXW�DPSOLWXGH�FDQ�DFKLHYH�
���P9����P9����PY����P9����P9�����P9�����P9�DQG�
����P9�WKH����P9�WR�����P9�RXWSXW�KDV�QR�GLIIHUHQFH�ZLWK�WKH�
FDVHV�ZKHQ�7;B6:,1*� �� 

� 5: �[� 

VDWD�BW[RQHV]HURV 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�IRU�WUDQVPLWWLQJ�FRPSOLDQFH�
SDWWHUQ�&3��DQG�&3�� 
:KHQ�VHW�WR�KLJK��LW�FDXVHV�WKH�WUDQVPLWWHU�WR�WUDQVPLW�DQ�
DOWHUQDWLQJ�VHTXHQFH�RI��V�DQG��V��UHJDUGOHVV�WKH�VWDWHV�RI�
7;B'$7$� 
,Q�3&,(�DQG�6$7$�PRGH��WKLV�VLJQDO�VKRXOG�EH�WLHG�WR�ORZ 

� 5: �[� 

VDWD�BFRPSOLDQFH 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ� 
7;B&203/,$1&(�EHFRPH�KLJK�ZLOO�VHW�WKH�UXQQLQJ�GLVSDULW\�WR�
QHJDWLYH� 
7KH�ORZHVW�E\WH�RI���ELWV�WUDQVPLWWHG�GDWD�ZLOO�EH�WKH�E\WH�WKDW�
UXQQLQJ�GLVSDULW\�VHW�WR�QHJDWLYH� 
:KHQ�7;B&203/,$1&(�DQG�7;B(/(&,'/(�DUH�ERWK�VHW�WR�ORZ��
3+<�,3�LV�SRZHU 
GRZQ�FRPSOHWHO\� 
5HIHU�WR�3,3(�VSHF�IRU�GHWDLO�GHVFULSWLRQ 

� 5: �[� 

VDWD�BU[WHUPLQDWLRQ 
&RQQHFW�5HPRYH�RI�UHFHLYHU�WHUPLQDWLRQ�UHVLVWRU� 
��&�5;�WHUPLQDWLRQ�UHPRYHG 
��&�5;�WHUPLQDWLRQ�FRQQHFWHG 
7KLV�VLJQDO�LV�XVHG�LQ�86%����PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�KLJK 

� 5: �[� 

VDWD�BU[SRODULW\ 
3+<�5;�SRODULW\�LQYHUVLRQ�FRQWURO 
:KHQ�WKLV�VLJQDO�VHW�WR�KLJK��LW�LQVWUXFWV�D�SRODULW\�LQYHUVLRQ�LQ�
5;B'$7$� 
5;B32/$5�DSSOLHV�WR�86%����DQG�3&,(�PRGH�RQO\��LQ�6$7$�PRGH�
LW�VKRXOG�EH�WLHG�WR�ORZ 

� 5: �[� 

VDWD�BU[HTWUDLQ 
5;�(4�WUDLQLQJ�PRGH�HQDEOH�VLJQDO� 
7KLV�VLJQDO�LV�XVHG�WR�LQVWUXFW�WKH�UHFHLYHU�WR�E\SDVV�QRUPDO�
RSHUDWLRQ�DQG�SHUIRUP�HTXDOL]DWLRQ�WUDLQLQJ��7KLV�VLJQDO�LV�XVHG�LQ�
86%����PRGH�RQO\��VKRXOG�EH�VHW�WR�ORZ�LQ�DQ\�RWKHU�DSSOLFDWLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VDWD�BO�VXEBHQWUHT 
/��VXE�VWDWH�HQWU\�UHTXHVW��:KHQ�VHW�WR�KLJK��LW�LQVWUXFWV�3+<�WR�
GR�SRZHU�WUDQVLWLRQ�WR�/� 
7KLV�VLJQDO�LV�XVHG�LQ�3&,(�PRGH�RQO\��LQ�RWKHU�DSSOLFDWLRQ�LW�
VKRXOG�EH�WLHG�WR�ORZ 
7KLV�VLJQDO�FRXOG�FRQQHFWHG�WR�WKH�/��VXE�VWDWH�HQDEOH�UHTXHVW�
VLJQDO�IURP�FRQWUROOHU 

� 5: �[� 

VDWD�BHQFRGHGHFRGHE\SDVV 
&RQWUROV�ZKHWKHU�WKH�3+<�SHUIRUPV��E���E�HQFRGH�DQG�GHFRGH� 
�
E�����E���E�HQFRGH�GHFRGH�SHUIRUPHG�QRUPDOO\�E\�WKH�3+<� 
�
E�����E���E�HQFRGH�GHFRGH�E\SDVVHG����ELW 
�E���E�HQFRGH�GHFRGH�E\SDVV�PRGH�ZRUNV�RQO\�ZKHQ�
%86B:,'7+ �E�� 

� 5: �[� 
VDWD�BHODVEXIIHUPRGH 
�
E���1RPLQDO�KDOI�IXOO�EXIIHU�PRGH 
�
E���1RPLQDO�HPSW\�EXIIHU�PRGH 

 
3,3(B*5)B;3&6B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
[SFVBPLL�BU[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 5: �[� 
[SFVBPLL�BU[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 5: �[� 
[SFVBTVJPLLBU[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 5: �[� 
[SFVB[J[VBU[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 5: �[� 
[SFVBTVJPLLBW[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 5: �[� 
[SFVB[J[VBW[BFONBJDWHBHQ 
DXWR�FORFN�JDWLQJ�FRQWURO 
�
E���$XWR�FORFN�JDWLQJ�GLVDEOH 
�
E���$XWR�FORFN�DJWLQJ�HQDEOH 

� 52 �[� UHVHUYHG 
� 5: �[� [SFVBSK\BUG\BL 

,QSXW�LQGLFDWLQJ�DOO�FORFNV�IURP�3+<�DUH�VWDEOH 

� 5: �[� 
VJPLLBPDFBVHO 
�
E���JPDF��EH� � VHOHFWHG�WR�XVHG�DV�6*0,,�FRQWUROOHU 
�
E���JPDF��EH� � VHOHFWHG�WR�XVHG�DV�6*0,,�FRQWUROOHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

[SFVBORV 
,W�LQGLFDWHV�WKH�ORVV�RI�VLJQDO�IURP�WKH�3&6�;�3+<� 
�
E���/LQN�UHVWRUHG� 
�
E���5HFHLYH�VLGH�LV�XQDEOH�WR�UHFHLYH�GDWD��LQGLFDWLQJ�ORVV�RI�
VLJQDO� 

 
3,3(B*5)B;3&6B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

�� 5: �[� 

[SFVBOSLU[BTXLHW 
5HFHLYH�3DWK�LQ�4XLHW�6WDWH� 
,W�LV�DVVHUWHG�ZKHQ�WKH�(((�FRQWUROOHU�LQ�5[�SDWK�LV�LQ�WKH�4XLHW�
�SRZHU�VDYH��VWDWH��:KHQ�LW�LV�DVVHUWHG��\RX�FDQ�GLVDEOH�WKH�5[�
SDWK�RI�WKH�3+<�RU�WKH�30'� 

�� 5: �[� 

[SFVBOU[BDFWLYH 
5HFHLYH�3DWK�LQ�(((�0RGH� 
,W�LV�DVVHUWHG�ZKHQ�WKH�':&B[SFV�UHFHLYHV�/3,�,GOH�WKH�5[�SDWK��
,W�LV�GHDFWLYDWHG�ZKHQ�LW�UHFHLYHV�WKH�QRUPDO�,GOH�RU�'DWD��,W�
SURYLGHV�DQ�DGGLWLRQDO�VWDWXV�WR�WKH�3+<�RU�WKH�30'� 

�� 5: �[� 

[SFVBOSLW[BTXLWH 
7UDQVPLW�3DWK�LQ�4XLHW�6WDWH� 
,W�LV�DVVHUWHG�ZKHQ�WKH�(((�FRQWUROOHU�LQ�7[�SDWK�LV�LQ�WKH�4XLHW�
�SRZHU�VDYH��VWDWH��:KHQ�LW�LV�DVVHUWHG��\RX�FDQ�GLVDEOH�WKH�7[�
GDWD�SDWK�RI�WKH�3+<�RU�WKH�30'��,Q�DGGLWLRQ��\RX�FDQ�XVH�WKLV�
VLJQDO�WR�VWRS�WKH�7UDQVPLW�FORFNV�WR�WKH�':&B[SFV�DQG�WKH�3+<� 

�� 5: �[� 
[SFVBTVJPLL�BIXOOBGXSOH[ 
46*0,,�IXOO�GXSOH[�RI�SRUW�� 
,W�VLJQDO�LQGLFDWHV�WKH�ZKHWKHU�46*0,,�VXSSRUWV�IXOO�GXSOH[�RU�
KDOIGXSOH[ 

�� 5: �[� [SFVBTVJPLL�BOLQNBVWV 
46*0,,�/LQN�6WDWXV�RI�SRUW� 

�� 5: �[� 

[SFVBPLL�BFWUO 
0,,�'DWD�:LGWK�&RQWURO�RI�SRUW�� 
7KLV�VLJQDO�FRQWUROV�WKH�GDWD�ZLGWK�RI�WKH�0,,�LQWHUIDFH�7KLV�VLJQDO�
LV�DSSOLFDEOH�RQO\�LI�WKH�0$&�LV�ZRUNLQJ�DW����0ESV�RU����0ESV�
VSHHG��7KH�IROORZLQJ�LV�WKH�HQFRGHG�GDWD�ZLGWK� 
�
E�����ELW�0,, 
�
E�����ELW�0,, 

����� 5: �[� 

[SFVBOLQN�BVSHHG 
6*0,,�0$&�6SHHG�&RQWURO�RI�SRUW�� 
,W�LQGLFDWHV�WKH�FXUUHQW�RSHUDWLQJ�VSHHG�RI�WKH�':&B[SFV�LQ�WKH�
6*0,,�PRGH��7KLV�VLJQDO�LV�XVHG�IRU�VHOHFWLQJ�WKH�IUHTXHQF\�RI�WKH�
FONBPLLBW[BL�DQG�FONBPLLBU[BL�VLJQDOV��7KLV�VLJQDO�LV�GHULYHG�IURP�
WKH�6SHHG�6HOHFW�ELWV��%LW����DQG�%LW����RI�WKH�65�0,,�00'�
&RQWURO�5HJLVWHU� 
7KH�IROORZLQJ�LV�WKH�HQFRGHG�VSHHG� 
�
E�������0ESV 
�
E��������0ESV 
�
E���������0ESV 

�� 5: �[� 
[SFVBTVJPLL�BIXOOBGXSOH[ 
46*0,,�IXOO�GXSOH[�RI�SRUW�� 
,W�VLJQDO�LQGLFDWHV�WKH�ZKHWKHU�46*0,,�VXSSRUWV�IXOO�GXSOH[�RU�
KDOIGXSOH[ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� [SFVBTVJPLL�BOLQNBVWV 

46*0,,�/LQN�6WDWXV�RI�SRUW� 

�� 5: �[� 

[SFVBPLL�BFWUO 
0,,�'DWD�:LGWK�&RQWURO�RI�SRUW�� 
7KLV�VLJQDO�FRQWUROV�WKH�GDWD�ZLGWK�RI�WKH�0,,�LQWHUIDFH�7KLV�VLJQDO�
LV�DSSOLFDEOH�RQO\�LI�WKH�0$&�LV�ZRUNLQJ�DW����0ESV�RU����0ESV�
VSHHG��7KH�IROORZLQJ�LV�WKH�HQFRGHG�GDWD�ZLGWK� 
�
E�����ELW�0,, 
�
E�����ELW�0,, 

����� 5: �[� 

[SFVBOLQN�BVSHHG 
6*0,,�0$&�6SHHG�&RQWURO�RI�3RUW�� 
,W�LQGLFDWHV�WKH�FXUUHQW�RSHUDWLQJ�VSHHG�RI�WKH�':&B[SFV�LQ�WKH�
6*0,,�PRGH��7KLV�VLJQDO�LV�XVHG�IRU�VHOHFWLQJ�WKH�IUHTXHQF\�RI�WKH�
FONBPLLBW[BL�DQG�FONBPLLBU[BL�VLJQDOV��7KLV�VLJQDO�LV�GHULYHG�IURP�
WKH�6SHHG�6HOHFW�ELWV��%LW����DQG�%LW����RI�WKH�65�0,,�00'�
&RQWURO�5HJLVWHU� 
7KH�IROORZLQJ�LV�WKH�HQFRGHG�VSHHG� 
�
E�������0ESV 
�
E��������0ESV 
�
E���������0ESV 

�� 5: �[� 
[SFVBTVJPLL�BIXOOBGXSOH[ 
46*0,,�IXOO�GXSOH[� 
,W�VLJQDO�LQGLFDWHV�WKH�ZKHWKHU�46*0,,�VXSSRUWV�IXOO�GXSOH[�RU�
KDOIGXSOH[ 

�� 5: �[� [SFVBTVJPLL�BOLQNBVWV 
46*0,,�/LQN�6WDWXV 

�� 5: �[� 

[SFVBPLL�BFWUOBS� 
0,,�'DWD�:LGWK�&RQWURO�DORQJ�3RUW�� 
7KLV�VLJQDO�FRQWUROV�WKH�GDWD�ZLGWK�RI�WKH�0,,�LQWHUIDFH�ZKHQ�
RSHUDWLQJ�LQ���0ESV����0ESV�7KH�IROORZLQJ�LV�WKH�HQFRGHG�GDWD�
ZLGWK� 
�
E�����ELW�0,, 
�
E�����ELW�0,, 

����� 5: �[� 

[SFVBOLQN�BVSHHGBS� 
46*0,,�0$&�6SHHG�&RQWURO�DORQJ�3RUW�� 
,W�LQGLFDWHV�WKH�FXUUHQW�RSHUDWLQJ�VSHHG�RI�WKH�':&B[SFV�LQ�WKH�
46*0,,�PRGH��,W�LV�XVHG�IRU�VHOHFWLQJ�WKH�IUHTXHQF\�RI�WKH�
FONBPLLBW[BS�BL�DQG�FONBPLLBU[BS�BL�VLJQDOV��,W�LV�GHULYHG�IURP�
WKH�6SHHG�6HOHFW�ELWV��%LW����DQG�%LW����RI�WKH�65�0,,�00'�3��
&RQWURO�5HJLVWHU��7KH�IROORZLQJ�LV�WKH�HQFRGHG�VSHHG� 
�
E�������0ESV 
�
E��������0ESV 
�
E���������0ESV 

�� 5: �[� 
[SFVBVJPLL�BIXOOBGXSOH[ 
6*0,,�IXOO�GXSOH[� 
,W�LQGLFDWHV�WKH�ZKHWKHU�6*0,,�VXSSRUWV�IXOO�GXSOH[�RU�KDOIGXSOH[� 

�� 5: �[� [SFVBVJPLL�BOLQNBVWV 
6*0,,�/LQN�6WDWXV� 

� 5: �[� 

[SFVBPLL�BFWUO 
0,,�'DWD�:LGWK�&RQWURO� 
7KLV�VLJQDO�FRQWUROV�WKH�GDWD�ZLGWK�RI�WKH�0,,�LQWHUIDFH�7KLV�VLJQDO�
LV�DSSOLFDEOH�RQO\�LI�WKH�0$&�LV�ZRUNLQJ�DW����0ESV�RU����0ESV�
VSHHG��7KH�IROORZLQJ�LV�WKH�HQFRGHG�GDWD�ZLGWK� 
�
E�����ELW�0,, 
�
E�����ELW�0,, 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

[SFVBOLQN�BVSHHG 
6*0,,�0$&�6SHHG�&RQWURO� 
,W�LQGLFDWHV�WKH�FXUUHQW�RSHUDWLQJ�VSHHG�RI�WKH�':&B[SFV�LQ�WKH�
6*0,,�PRGH��7KLV�VLJQDO�LV�XVHG�IRU�VHOHFWLQJ�WKH�IUHTXHQF\�RI�WKH�
FONBPLLBW[BL�DQG�FONBPLLBU[BL�VLJQDOV��7KLV�VLJQDO�LV�GHULYHG�IURP�
WKH�6SHHG�6HOHFW�ELWV��%LW����DQG�%LW����RI�WKH�65�0,,�00'�
&RQWURO�5HJLVWHU� 
7KH�IROORZLQJ�LV�WKH�HQFRGHG�VSHHG� 
�
E�������0ESV 
�
E��������0ESV 
�
E���������0ESV 

� 5: �[� 
[SFVBORRSEDFNBHQBR 
(QDEOH�/RRSEDFN��7[�WR�5[��LQ�WKH�3+< 
7KLV�VLJQDO�LQGLFDWHV�WKDW�VRIWZDUH�ZDQWV�WR�HQDEOH�ORRSEDFN�
PRGH� 

� 5: �[� 
[SFVBSGRZQBR 
3RZHU�'RZQ�(QDEOH� 
,W�LQGLFDWHV�WKDW�WKH�KRVW�SURJUDPPHG�WKH�GHYLFH�IRU�WKH�SRZHU�
GRZQ�PRGH� 

� 5: �[� 
[SFVBTVJPLLBPRGH 
46*0,,�PRGH�FRQWURO�RXWSXW 
�
E���1RW�46*0,,�PRGH 
�
E���46*0,,�PRGH 

� 5: �[� 

[SFVB�SW�JBPRGH 
���*�*0,,�0RGH�&RQWURO� 
7KLV�VLJQDO�LV�XVHG�WR�VZLWFK�EHWZHHQ��*�DQG����*�*0,,�0RGHV��
:KHQ�WKLV�VLJQDO�LV�VHW��LW�LQGLFDWHV�WKDW�FXUUHQW�PRGH�RI�
RSHUDWLRQ�LV����*�7KLV�VLJQDO�FDQ�EH�XVHG�IRU�FORFN�PXOWLSOH[LQJ�WR�
HQDEOH�VZLWFKLQJ�EHWZHHQ��*�DQG����*�0RGHV� 

� 5: �[� 
[SFVBOLQNBVWDWXV 
3&6�5HFHLYH�/LQN�6WDWXV� 
7KLV�VLJQDO�LQGLFDWHV�ZKHWKHU�WKH�UHFHLYH�OLQN�RI�WKH�3&6�LV�XS�RU�
GRZQ� 

� 5: �[� [SFVBU[BHQ 
(QDEOH�5HFHLYH�'DWD 

� 5: �[� 

[SFVBW[BHQBR 
7UDQVPLW�/DQH�(QDEOH�RU�'LVDEOH�&RQWURO�6WDWXV� 
9DOXHV� 
�
E���&RUUHVSRQGLQJ�7UDQVPLW�ODQH�LV�GLVDEOHG� 
�
E���&RUUHVSRQGLQJ�7UDQVPLW�ODQH�LV�HQDEOHG��GHIDXOW�� 

 
3,3(B*5)B86%�27*�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

XVE�RWJ�BKRVWBX�BSRUWBGLVDEOH 
86%����3RUW�'LVDEOH�FRQWURO� 
�
E���3RUW�(QDEOHG 
�
E���3RUW�'LVDEOHG�:KHQ����WKLV�VLJQDO�VWRSV�UHSRUWLQJ�
FRQQHFW�GLVFRQQHFW�HYHQWV�WKH�SRUW�DQG�NHHSV�WKH�SRUW�LQ�GLVDEOHG�
VWDWH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

XVE�RWJ�BKRVWBSRUWBSRZHUBFRQWUROBSUHVHQW 
7KLV�LQGLFDWHV�ZKHWKHU�WKH�KRVW�FRQWUROOHU�LPSOHPHQWDWLRQ�
LQFOXGHV�SRUW�SRZHU�FRQWURO� 
�
E���,QGLFDWHV�WKDW�WKH�SRUW�GRHV�QRW�KDYH�SRUW�SRZHU�VZLWFKHV� 
�
E���,QGLFDWHV�WKDW�WKH�SRUW�KDV�SRUW�SRZHU�VZLWFKHV 

���� 5: �[�� XVE�RWJ�BIODGMB��PK]BUHJ 
XVE�RWJBIODGMB��PK]BUHJ�ELW�FRQWURO 

��� 5: �[� 

XVE�RWJ�BKXEBSRUWBSHUPBDWWDFK 
,QGLFDWHV�LI�WKH�GHYLFH�DWWDFKHG�WR�D�GRZQVWUHDP�SRUW�LV�
SHUPDQHQWO\�DWWDFKHG�RU�QRW� 
�
E���1RW�SHUPDQHQWO\�DWWDFKHG 
�
E���3HUPDQHQWO\�DWWDFKHG 
%LW��LV�IRU�86%����SRUW�DQG�ELW��DUH�IRU�86%�����66�SRUW 

��� 5: �[� 

XVE�RWJ�BKXEBSRUWBRYHUFXUUHQW 
7KLV�LV�WKH�SHU�SRUW�2YHUFXUUHQW�LQGLFDWLRQ�RI�WKH�URRW�KXE�SRUWV� 
�
E���1R�2YHUFXUUHQW 
�
E���2YHUFXUUHQW 
%LW��LV�IRU�86%�����SRUW�DQG�ELW��DUH�IRU�86%�����66�SRUW 

��� 5: �[� 

XVE�RWJ�BEXVBILOWHUBE\SDVV 
,W�LV�H[SHFWHG�WKDW�WKLV�VLJQDO�LV�VHW�RU�UHVHW�DW�SRZHU�RQ�UHVHW�
DQG�LV�QRW�FKDQJHG�GXULQJ�WKH�QRUPDO 
RSHUDWLRQ�RI�WKH�FRUH��7KH�IXQFWLRQ�RI�HDFK�ELW�LV� 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�XWPLRWJBLGGLJ 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHUV�IRU�XWPLVUSBEYDOLG�DQG�
XWPLVUSBVHVVHQG 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�SLSH�B3RZHU3UHVHQW�DOO�
8��SRUWV 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�XWPLRWJBYEXVYDOLG�DOO�
8��SRUWV 
,Q�QRQ�27*�+RVW�RQO\�PRGH��LQWHUQDO�EXV�ILOWHUV�DUH�QRW�QHHGHG� 
9DOXHV� 
�
E���%XV�ILOWHU�V��HQDEOHG 
�
E���%XV�ILOWHU�V��GLVDEOHG��E\SDVVHG� 

 
3,3(B*5)B86%�27*�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� XVE�RWJ�BKRVWBQXPBX�BSRUW 
[+&,�XVE��SRUW�QXPEHU��GHIDXOW�DV�� 

���� 5: �[� XVE�RWJ�BKRVWBQXPBX�BSRUW 
[+&,�KRVW�86%��3RUW�QXPEHU��GHIDXOW�DV�� 

� 5: �[� 
XVE�RWJ�BSLSHBFONBVHO 
XVE�RWJ�BSLSH�BU[BSFON�W[BSFON�LQSXW�VRXUFH�FON�VHOHFW 
�
E���VHOHFW�FONBXVE�RWJ�BSLSH�IRU�VRXUFH�FON 
�
E���VHOHFW�FONBXVE�RWJ�BXWPL�IRU�VRXUFH�FON 

� 52 �[� UHVHUYHG 

� 5: �[� 
XVE�RWJ�BKRVWBOHJDF\BVPLBEDU 
8VH�WKLV�UHJLVWHU�WR�VXSSRUW�60,�RQ�%$5�GHILQHG�LQ�[+&,�VSHF� 
6:�PXVW�VHW�WKLV�UHJLVWHU��WKHQ�FOHDU�WKLV�UHJLVWHU�WR�LQGLFDWH�%DVH�
$GGUHVV�5HJLVWHU�ZULWWHQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

XVE�RWJ�BKRVWBOHJDF\BVPLBSFLBFPG 
8VH�WKLV�UHJLVWHU�WR�VXSSRUW�60,�RQ�3&,�&RPPDQG�GHILQHG�LQ�[+&,�
VSHF� 
6:�PXVW�VHW�WKLV�UHJLVWHU��WKHQ�FOHDU�WKLV�UHJLVWHU�WR�LQGLFDWH�3&,�
FRPPDQG�UHJLVWHU�ZULWWHQ 

��� 5: �[� 

XVE�RWJ�BSLSHBUDWH 
�
E����8VH����*7�V�VLJQDOLQJ�UDWH 
�
E����1RW�DOORZHG 
�
E����1RW�DOORZHG 
�
E����1RW�DOORZHG 

� 5: �[� 
XVE�RWJ�BSPHBHQ 
(QDEOH�VLJQDO�IRU�WKH�SPHBJHQHUDWLRQ��(QDEOH�WKH�FRUH�WR�DVVHUW�
SPHBJHQHUDWLRQ 

� 5: �[� 
XVE�RWJ�BKRVWBX�BSRUWBGLVDEOH 
86%�����66�3RUW�'LVDEOH�FRQWURO� 
�
E���3RUW�(QDEOHG 
�
E���3RUW�'LVDEOHG 

 
3,3(B*5)B86%�27*�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
XVE�RWJ�BSPHBJHQHUDWLRQBLUTBHQ 
XVE�RWJ�BSPHBJHQHUDWLRQBLUTBHQ 
�
E���LUT�GLVDEOH 
�
E���LUTHQDEOHDEOH 

� 5: �[� 
XVE�RWJ�BKRVWBV\VBHUUBLUTBHQ 
XVE�RWJ�BKRVWBV\VBHUUBLUTBHQ 
�
E���LUT�GLVDEOH 
�
E���LUTHQDEOHDEOH 

 
3,3(B*5)B86%�27*�B67$786B/$7� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� XVE�RWJBORJLFBDQDO\]HUBWUDFH� XVE�RWJBORJLFBDQDO\]HUBWUDFH>����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786B/$7� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� XVE�RWJBORJLFBDQDO\]HUBWUDFH� XVE�RWJBORJLFBDQDO\]HUBWUDFH>�����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786B&% 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
���� 52 �[��� XVE�RWJBKRVWBFXUUHQWBEHOW>����@ 

XVE�RWJBKRVWBFXUUHQWBEHOW>����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� XVE�RWJ�BSPHBJHQHUDWLRQ 

8VHG�WR�JHQHUDWH�WKH�SPH� 
� 52 �[� XVE�RWJ�BKRVWBV\VBHUU 

XVE�RWJ��KRVW�V\VWHP�HUURU�VWDWXV 
 
3,3(B*5)B86%�27*�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

XVE�RWJ�BKRVWBX�BSRUWBGLVDEOH 
86%����3RUW�'LVDEOH�FRQWURO� 
�
E���3RUW�(QDEOHG 
�
E���3RUW�'LVDEOHG�:KHQ����WKLV�VLJQDO�VWRSV�UHSRUWLQJ�
FRQQHFW�GLVFRQQHFW�HYHQWV�WKH�SRUW�DQG�NHHSV�WKH�SRUW�LQ�GLVDEOHG�
VWDWH 

�� 5: �[� 

XVE�RWJ�BKRVWBSRUWBSRZHUBFRQWUROBSUHVHQW 
7KLV�LQGLFDWHV�ZKHWKHU�WKH�KRVW�FRQWUROOHU�LPSOHPHQWDWLRQ�
LQFOXGHV�SRUW�SRZHU�FRQWURO� 
�
E���,QGLFDWHV�WKDW�WKH�SRUW�GRHV�QRW�KDYH�SRUW�SRZHU�VZLWFKHV� 
�
E���,QGLFDWHV�WKDW�WKH�SRUW�KDV�SRUW�SRZHU�VZLWFKHV 

���� 5: �[�� XVE�RWJ�BIODGMB��PK]BUHJ 
XVE�RWJBIODGMB��PK]BUHJ�ELW�FRQWURO 

��� 5: �[� 

XVE�RWJ�BKXEBSRUWBSHUPBDWWDFK 
,QGLFDWHV�LI�WKH�GHYLFH�DWWDFKHG�WR�D�GRZQVWUHDP�SRUW�LV�
SHUPDQHQWO\�DWWDFKHG�RU�QRW� 
�
E���1RW�SHUPDQHQWO\�DWWDFKHG 
�
E���3HUPDQHQWO\�DWWDFKHG 
%LW��LV�IRU�86%����SRUW�DQG�ELW��DUH�IRU�86%�����66�SRUW 

��� 5: �[� 

XVE�RWJ�BKXEBSRUWBRYHUFXUUHQW 
7KLV�LV�WKH�SHU�SRUW�2YHUFXUUHQW�LQGLFDWLRQ�RI�WKH�URRW�KXE�SRUWV� 
�
E���1R�2YHUFXUUHQW 
�
E���2YHUFXUUHQW 
%LW��LV�IRU�86%�����SRUW�DQG�ELW��DUH�IRU�86%�����66�SRUW 

��� 5: �[� 

XVE�RWJ�BEXVBILOWHUBE\SDVV 
,W�LV�H[SHFWHG�WKDW�WKLV�VLJQDO�LV�VHW�RU�UHVHW�DW�SRZHU�RQ�UHVHW�
DQG�LV�QRW�FKDQJHG�GXULQJ�WKH�QRUPDO 
RSHUDWLRQ�RI�WKH�FRUH��7KH�IXQFWLRQ�RI�HDFK�ELW�LV� 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�XWPLRWJBLGGLJ 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHUV�IRU�XWPLVUSBEYDOLG�DQG�
XWPLVUSBVHVVHQG 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�SLSH�B3RZHU3UHVHQW�DOO�
8��SRUWV 
EXVBILOWHUBE\SDVV>�@��%\SDVV�WKH�ILOWHU�IRU�XWPLRWJBYEXVYDOLG�DOO�
8��SRUWV 
,Q�QRQ�27*�+RVW�RQO\�PRGH��LQWHUQDO�EXV�ILOWHUV�DUH�QRW�QHHGHG� 
9DOXHV� 
�
E���%XV�ILOWHU�V��HQDEOHG 
�
E���%XV�ILOWHU�V��GLVDEOHG��E\SDVVHG� 

 
3,3(B*5)B86%�27*�B&21� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� XVE�RWJ�BKRVWBQXPBX�BSRUW 
[+&,�XVE��SRUW�QXPEHU��GHIDXOW�DV�� 

���� 5: �[� XVE�RWJ�BKRVWBQXPBX�BSRUW 
[+&,�KRVW�86%��3RUW�QXPEHU��GHIDXOW�DV�� 

� 5: �[� 
XVE�RWJ�BSLSHBFONBVHO 
XVE�RWJ�BSLSH�BU[BSFON�W[BSFON�LQSXW�VRXUFH�FON�VHOHFW 
�
E���VHOHFW�FONBXVE�RWJ�BSLSH�IRU�VRXUFH�FON 
�
E���VHOHFW�FONBXVE�RWJ�BXWPL�IRU�VRXUFH�FON 

� 52 �[� UHVHUYHG 

� 5: �[� 
XVE�RWJ�BKRVWBOHJDF\BVPLBEDU 
8VH�WKLV�UHJLVWHU�WR�VXSSRUW�60,�RQ�%$5�GHILQHG�LQ�[+&,�VSHF� 
6:�PXVW�VHW�WKLV�UHJLVWHU��WKHQ�FOHDU�WKLV�UHJLVWHU�WR�LQGLFDWH�%DVH�
$GGUHVV�5HJLVWHU�ZULWWHQ 

� 5: �[� 

XVE�RWJ�BKRVWBOHJDF\BVPLBSFLBFPG 
8VH�WKLV�UHJLVWHU�WR�VXSSRUW�60,�RQ�3&,�&RPPDQG�GHILQHG�LQ�[+&,�
VSHF� 
6:�PXVW�VHW�WKLV�UHJLVWHU��WKHQ�FOHDU�WKLV�UHJLVWHU�WR�LQGLFDWH�3&,�
FRPPDQG�UHJLVWHU�ZULWWHQ 

��� 5: �[� 

XVE�RWJ�BSLSHBUDWH 
�
E����8VH����*7�V�VLJQDOLQJ�UDWH 
�
E����1RW�DOORZHG 
�
E����1RW�DOORZHG 
�
E����1RW�DOORZHG 

� 5: �[� 
XVE�RWJ�BSPHBHQ 
(QDEOH�VLJQDO�IRU�WKH�SPHBJHQHUDWLRQ��(QDEOH�WKH�FRUH�WR�DVVHUW�
SPHBJHQHUDWLRQ 

� 5: �[� 
XVE�RWJ�BKRVWBX�BSRUWBGLVDEOH 
86%�����66�3RUW�'LVDEOH�FRQWURO� 
�
E���3RUW�(QDEOHG 
�
E���3RUW�'LVDEOHG 

 
3,3(B*5)B86%�27*�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
XVE�RWJ�BSPHBJHQHUDWLRQBLUTBHQ 
XVE�RWJ�BSPHBJHQHUDWLRQBLUTBHQ 
�
E���LUT�GLVDEOH 
�
E���LUTHQDEOHDEOH 

� 5: �[� 
XVE�RWJ�BKRVWBV\VBHUUBLUTBHQ 
XVE�RWJ�BKRVWBV\VBHUUBLUTBHQ 
�
E���LUT�GLVDEOH 
�
E���LUTHQDEOHDEOH 

 
3,3(B*5)B86%�27*�B67$786B/$7� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� XVE�RWJBORJLFBDQDO\]HUBWUDFH� XVE�RWJBORJLFBDQDO\]HUBWUDFH>����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786B/$7� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� XVE�RWJBORJLFBDQDO\]HUBWUDFH� XVE�RWJBORJLFBDQDO\]HUBWUDFH>�����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786B&% 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
���� 52 �[��� XVE�RWJBKRVWBFXUUHQWBEHOW>����@ 

XVE�RWJBKRVWBFXUUHQWBEHOW>����@�ELW�VWDWXV 
 
3,3(B*5)B86%�27*�B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� XVE�RWJ�BSPHBJHQHUDWLRQ 

8VHG�WR�JHQHUDWH�WKH�SPH� 
� 52 �[� XVE�RWJ�BKRVWBV\VBHUU 

XVE�RWJ��KRVW�V\VWHP�HUURU�VWDWXV 
 

3.7 SYS_GRF Register Description  

3.7.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�$B,208;B/ �[���� : �[�������� *3,2�$�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B+ �[���� : �[�������� *3,2�$�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�%B,208;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�%B,208;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�&B,208;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�&B,208;B+ �[���� : �[�������� *3,2�&�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�'B,208;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�'B,208;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�$B,208;B/ �[���� : �[�������� *3,2�$�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B+ �[���� : �[�������� *3,2�$�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�%B,208;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�%B,208;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�&B,208;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�&B,208;B+ �[���� : �[�������� *3,2�&�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�'B,208;B/ �[���� : �[�������� *3,2�'�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�'B,208;B+ �[���& : �[�������� *3,2�'�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B/ �[���� : �[�������� *3,2�$�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B+ �[���� : �[�������� *3,2�$�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�%B,208;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�%B,208;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�&B,208;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�&B,208;B+ �[���� : �[�������� *3,2�&�,208;�FRQWURO�KLJK�ELWV 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�'B,208;B/ �[���� : �[�������� *3,2�'�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�'B,208;B+ �[���& : �[�������� *3,2�'�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B/ �[���� : �[�������� *3,2�$�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B,208;B+ �[���� : �[�������� *3,2�$�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�%B,208;B/ �[���� : �[�������� *3,2�%�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�%B,208;B+ �[���& : �[�������� *3,2�%�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�&B,208;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�&B,208;B+ �[���� : �[�������� *3,2�&�,208;�FRQWURO�KLJK�ELWV 
*5)B*3,2�'B,208;B/ �[���� : �[�������� *3,2�&�,208;�FRQWURO�ORZ�ELWV 
*5)B*3,2�$B3 �[���� : �[����$$$� *3,2�$�38�3'�FRQWURO 
*5)B*3,2�%B3 �[���� : �[������$$ *3,2�%�38�3'�FRQWURO 
*5)B*3,2�&B3 �[���� : �[����$��� *3,2�&�38�3'�FRQWURO 
*5)B*3,2�'B3 �[���& : �[�������� *3,2�'�38�3'�FRQWURO 
*5)B*3,2�$B3 �[���� : �[����$$�� *3,2�$�38�3'�FRQWURO 
*5)B*3,2�%B3 �[���� : �[�������$ *3,2�%�38�3'�FRQWURO 
*5)B*3,2�&B3 �[���� : �[����$$$$ *3,2�&�38�3'�FRQWURO 
*5)B*3,2�'B3 �[���& : �[����$$$$ *3,2�'�38�3'�FRQWURO 
*5)B*3,2�$B3 �[��$� : �[����$$$$ *3,2�$�38�3'�FRQWURO 
*5)B*3,2�%B3 �[��$� : �[����$$$$ *3,2�%�38�3'�FRQWURO 
*5)B*3,2�&B3 �[��$� : �[����$$$$ *3,2�&�38�3'�FRQWURO 
*5)B*3,2�'B3 �[��$& : �[����$$$$ *3,2�'�38�3'�FRQWURO 
*5)B*3,2�$B3 �[��%� : �[����$$$$ *3,2�$�38�3'�FRQWURO 
*5)B*3,2�%B3 �[��%� : �[����$$$$ *3,2�%�38�3'�FRQWURO 
*5)B*3,2�&B3 �[��%� : �[�����$$$ *3,2�&�38�3'�FRQWURO 
*5)B*3,2�'B3 �[��%& : �[�������� *3,2�&�38�3'�FRQWURO 
*5)B*3,2�$B,( �[��&� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�%B,( �[��&� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�&B,( �[��&� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�'B,( �[��&& : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�$B,( �[��'� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�%B,( �[��'� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�&B,( �[��'� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�'B,( �[��'& : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�$B,( �[��(� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�%B,( �[��(� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�&B,( �[��(� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�'B,( �[��(& : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�$B,( �[��)� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�%B,( �[��)� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�&B,( �[��)� : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�'B,( �[��)& : �[�������� *3,2�$�3$'�LQSXW�HQDEOH�FRQWURO 
*5)B*3,2�$B23' �[���� : �[�������� *3,2�$�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�%B23' �[���� : �[�������� *3,2�%�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�&B23' �[���� : �[�������� *3,2�&�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�'B23' �[���& : �[�������� *3,2�'�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�$B23' �[���� : �[�������� *3,2�$�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�%B23' �[���� : �[�������� *3,2�%�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�&B23' �[���� : �[�������� *3,2�&�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�'B23' �[���& : �[�������� *3,2�'�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�$B23' �[���� : �[�������� *3,2�$�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�%B23' �[���� : �[�������� *3,2�%�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�&B23' �[���� : �[�������� *3,2�&�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�'B23' �[���& : �[�������� *3,2�'�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�$B23' �[���� : �[�������� *3,2�$�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�%B23' �[���� : �[�������� *3,2�%�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�&B23' �[���� : �[�������� *3,2�&�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�'B23' �[���& : �[�������� *3,2�'�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
*5)B*3,2�$B686 �[���� : �[�������� *3,2�$�3$'� �ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�%B686 �[���� : �[�������� *3,2�%�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�&B686 �[���� : �[�������� *3,2�&�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�'B686 �[���& : �[�������� *3,2�'�3$'� �ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�$B686 �[���� : �[�������� *3,2�$�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�%B686 �[���� : �[�������� *3,2�%�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�&B686 �[���� : �[�������� *3,2�&�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�'B686 �[���& : �[�������� *3,2�'�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�$B686 �[���� : �[�������� *3,2�$�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�%B686 �[���� : �[�������� *3,2�%�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�&B686 �[���� : �[�������� *3,2�&�3$'� �ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�'B686 �[���& : �[�������� *3,2�'�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�$B686 �[���� : �[�������� *3,2�$�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�%B686 �[���� : �[�������� *3,2�%�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�&B686 �[���� : �[�������� *3,2�&�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�'B686 �[���& : �[�������� *3,2�'�3$'�ZHDN�3XOO�.HHSHU�HQDEOH 
*5)B*3,2�$B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�%B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�&B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�'B6/ �[���& : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�$B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�%B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�&B6/ �[���� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�'B6/ �[���& : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�$B6/ �[��$� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�%B6/ �[��$� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�&B6/ �[��$� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�'B6/ �[��$& : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�$B6/ �[��%� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�%B6/ �[��%� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�&B6/ �[��%� : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�'B6/ �[��%& : �[�������� 6OHZ�5DWH�&RQWURO�IRU�WKH�GULYHU�VHFWRQ�ZKLOH�GULYLQJ�3$'� 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���& : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�����)�) *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���& : �[�����)�) *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�����)�) *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�����)�) *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�����)�) *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���& : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������) *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������) *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������) *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���& : �[�������) *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�����)�) *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�����)�) *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�����)�) *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�$B'6B� �[���& : �[�����)�) *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������) *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�����)�� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�����)�) *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���& : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[���& : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[���& : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[���& : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[���& : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��$� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��$� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��$� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��$& : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��%� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��%� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��%� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��%& : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[��&� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[��&� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[��&� : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$B'6B� �[��&& : �[�������� *3,2�$�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[��'� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[��'� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[��'� : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%B'6B� �[��'& : �[�������� *3,2�%�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��(� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��(� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��(� : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�&B'6B� �[��(& : �[�������� *3,2�&�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��)� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��)� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��)� : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�'B'6B� �[��)& : �[�������� *3,2�'�GULYHU�VWUHQJWK�FRQWURO 
*5)B,2)81&B6(/� �[���� : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 
*5)B,2)81&B6(/� �[���� : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 
*5)B,2)81&B6(/� �[���� : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  242 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B,2)81&B6(/� �[���& : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 
*5)B,2)81&B6(/� �[���� : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 
*5)B,2)81&B6(/� �[���� : �[�������� PXWL�,208;�IXQFWLRQ�FRQWURO�UHJLVWHU� 
*5)B9,B&21� �[���� : �[�������� YLGHR�LQSXW�EORFN�UHJLVWHU� 
*5)B9,B&21� �[���� : �[�������� YLGHR�LQSXW�EORFN�UHJLVWHU� 
*5)B9,B67$786� �[���� : �[�������� YLGHR�LQSXW�EORFN�VWDWXV�UHJLVWHU 
*5)B92B&21� �[���� : �[�������� GLVSK\�FRQWURO�UHJLVWHU� 
*5)B92B&21� �[���� : �[�������� GLVSK\�FRQWURO�UHJLVWHU� 
*5)B92B&21� �[���� : �[�������� GLVSK\�FRQWURO�UHJLVWHU� 
*5)B0$&�B&21� �[���� : �[�������� *0$&�FRQWURO�UHJLVWHU� 
*5)B0$&�B&21� �[���� : �[�������� *0$&�FRQWURO�UHJLVWHU� 
*5)B0$&�B&21� �[���� : �[�������� *0$&�FRQWURO�UHJLVWHU� 
*5)B0$&�B&21� �[���& : �[�������� *0$&�FRQWURO�UHJLVWHU� 
*5)B%,8B&21� �[��$� : �[�������� 12&�FRQWURO�UHJLVWHU� 
*5)B%,8B&21� �[��$� : �[�������� 12&�FRQWURO�UHJLVWHU� 
*5)B%,8B&21� �[��$� : �[�������� 12&�FRQWURO�UHJLVWHU� 
*5)B*,&B&21� �[��&� : �[����)'�� *,&�FRQWURO�UHJLVWHU� 
*5)B*,&B&21� �[��&� : �[����)'�� *,&�FRQWURO�UHJLVWHU� 
*5)B*,&B&21� �[��&� : �[�������) *,&�FRQWURO�UHJLVWHU� 
*5)B*38B&21� �[��)� : �[�������� *0$&�FRQWURO�UHJLVWHU� 
*5)B*38B&21� �[��)� : �[)))))))) *0$&�FRQWURO�UHJLVWHU� 
*5)B&38B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
*5)B&38B67$786� �[���� : �[�������� 62&�VWDWXV�UHJLVWHU� 
*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
*5)B62&B&21� �[���� : �[�������� 62&�FRQWURO�UHJLVWHU� 
*5)B62&B&21� �[���& : �[�������� 62&�FRQWURO�UHJLVWHU� 
*5)B62&B&21� �[���� : �[�������� 5HJLVWHU�����'HVFULSWLRQ 
*5)B62&B&21� �[���� : �[����$��� 62&�FRQWURO�UHJLVWHU� 
*5)B62&B&21� �[���� : �[������)) 62&�FRQWURO�UHJLVWHU� 
*5)B62&B67$786� �[���� : �[�������� 62&�VWDWXV�UHJLVWHU� 
*5)B5$0B&21 �[��&� : �[�������� 65$0�FRQWURO�UHJLVWHU� 
*5)B&25(B5$0B&21 �[��&� : �[�������� &25(�65$0�FRQWURO�UHJLVWHU 
*5)B76$'&B&21 �[���� : �[�������� 76$'&�&RQWURO�5HJHVWHUV 
*5)B6$5$'&B&21 �[���� : �[�������� 6$5$'&�&RQWURQO� �5HJLVWHUV 
*5)B*383973//B&21� �[���� : �[�������� *38�3970�FRQWURO�UHJLVWHU� 
*5)B*383973//B&21� �[���� : �[�������� *38�3970�FRQWURO�UHJLVWHU� 
*5)B*383973//B&21� �[���� : �[�������� *38�3970�VWDWXV�UHJLVWHU� 
*5)B*383973//B&21� �[���& : �[�������� *38�3970�VWDWXV�UHJLVWHU� 
*5)B1383973//B&21� �[���� : �[�������� 138�3970�FRQWURO�UHJLVWHU� 
*5)B1383973//B&21� �[���� : �[�������� 138�3970�FRQWURO�UHJLVWHU� 
*5)B1383973//B&21� �[���� : �[�������� 138�3970�VWDWXV�UHJLVWHU� 
*5)B1383973//B&21� �[���& : �[�������� 138�3970�VWDWXV�UHJLVWHU� 
*5)B&+,3B,' �[���� : �[�������� &+,3�,' 
*5)B*3,2�&�B'6 �[���� : �[�������� *3,2�&��GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$�B'6 �[���� : �[�������� *3,2�$��GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�%�B'6 �[���� : �[�������� *3,2�%��GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$�B'6 �[���& : �[�������� *3,2�$��GULYHU�VWUHQJWK�FRQWURO 
*5)B*3,2�$�B'6 �[���� : �[�������� *3,2�$��GULYHU�VWUHQJWK�FRQWURO 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B*3,2�$�B'6 �[���� : �[�������� *3,2�$��GULYHU�VWUHQJWK�FRQWURO 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���& : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���& : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[����)))) GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���& : �[�������� GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���& : �[�������� GPD�FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD��FRQWURO�UHJLVWHU� 
*5)B'0$&�B&21� �[���� : �[�������� GPD��FRQWURO�UHJLVWHU� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.7.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*5)B*3,2�$B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B6&/.7;0� 
�
K���8$57�B&7610� 
�
K���6&5B,2 
�
K���3&,(��;�B:$.(10� 
�
K���$&2'(&B'$&&/. 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B0&/.0� 
�
K���8$57�B57610� 
�
K���6&5B&/. 
�
K���3&,(��;�B3(56710� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�&�B6&/0� 
�
K���8$57�B7;0� 
�
K���&$1�B7;0� 
�
K���$8',2SZP5287 
�
K���$&2'(&B$'&&/. 
�
K���$8',2SZP/2871 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�&�B6'$0� 
�
K���8$57�B5;0� 
�
K���&$1�B5;0� 
�
K���$8',2SZP/287 
�
K���$&2'(&B$'&'$7$ 
�
K���$8',2SZP/2873 

 
*5)B*3,2�$B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B6'2�0� 
�
K���8$57�B&7610� 
�
K���6&5B'(7 
�
K���$8',2SZP52871 
�
K���$&2'(&B'$&B'$7$/ 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B/5&.5;0� 
�
K���8$57�B7;0� 
�
K���3'0B&/.�0� 
�
K���$8',2SZP52873 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B/5&.7;0� 
�
K���8$57�B57610� 
�
K���6&5B567 
�
K���3&,(��;�B&/.5(410� 
�
K���$&2'(&B'$&6<1& 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,�6�B6&/.5;0� 
�
K���8$57�B5;0� 
�
K���3'0B&/.�0� 
�
K���63',)B7;0� 
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*5)B*3,2�%B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�6�B6',�0� 
�
K���3'0B6',�0� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�6�B6'2�0� 
�
K���,�6�B6',�0� 
�
K���3'0B6',�0� 
�
K���3&,(��B3(56710� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�6�B6'2�0� 
�
K���,�6�B6',�0� 
�
K���3'0B6',�0� 
�
K���3&,(��B:$.(10� 
�
K���$&2'(&B$'&B6<1& 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�6�B6'2�0� 
�
K���,�6�B6',�0� 
�
K���3'0B6',�0� 
�
K���3&,(��B&/.5(410� 
�
K���$&2'(&B'$&B'$7$5 
 

 
*5)B*3,2�%B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���(00&B'� 
�
K���)/$6+B'� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���(00&B'� 
�
K���)/$6+B'� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���(00&B'� 
�
K���)/$6+B'� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���(00&B'� 
�
K���)/$6+B'� 

 
*5)B*3,2�&B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B'� 
�
K���)/$6+B'� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[� 
JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B'� 
�
K���)/$6+B'� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B'� 
�
K���)/$6+B'� 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B'� 
�
K���)/$6+B'� 

 
*5)B*3,2�&B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B5671 
�
K���)63,B'� 
�
K���)/$6+B:31 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B'$7$6752%( 
�
K���)63,B&6�1 
�
K���)/$6+B&/( 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B&/.287 
�
K���)/$6+B'46 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���(00&B&0' 
�
K���)/$6+B:51 

 
*5)B*3,2�'B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���)63,B&6�1 
�
K���)/$6+B&6�1 

�� 52 �[� UHVHUYHG 

���� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���)63,B'� 
�
K���)/$6+B5'1 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���)63,B'� 
�
K���)/$6+B5'< 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���)63,B&/. 
�
K���)/$6+B$/( 

 
*5)B*3,2�'B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���6'00&�B'� 
�
K���-7$*B7&. 
�
K���8$57�B&7610� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���6'00&�B'� 
�
K���8$57�B5;0� 
�
K���8$57�B5;0� 
�
K���3:0�B0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���6'00&�B'� 
�
K���8$57�B7;0� 
�
K���8$57�B7;0� 
�
K���3:0�B0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���)63,B'� 
�
K���)/$6+B&6�1 

 
*5)B*3,2�$B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B'� 
�
K���*0$&�B5;'� 
�
K���8$57�B5;0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B&/. 
�
K���7(67B&/.287 
�
K���8$57�B7;0� 
�
K���&$1�B5;0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B&0' 
�
K���3:0��B0� 
�
K���8$57�B5;0� 
�
K���&$1�B7;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B'� 
�
K���-7$*B706 
�
K���8$57�B57610� 

 
*5)B*3,2�$B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B&0' 
�
K���*0$&�B7;'� 
�
K���8$57�B5;0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B'� 
�
K���*0$&�B7;'� 
�
K���8$57�B7;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���6'00&�B'� 
�
K���*0$&�B5;&/. 
�
K���8$57�B5;0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
 
�
K���*3,2�B$� 
�
K���6'00&�B'� 
�
K���*0$&�B5;'� 
�
K���8$57�B7;0� 

 
*5)B*3,2�%B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���*0$&�B7;'� 
�
K���8$57�B5;0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���6'00&�B'(7 
�
K���,�&�B6&/0� 
�
K���8$57�B&7610� 
�
K���&$1�B7;0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���6'00&�B3:5(1 
�
K���,�&�B6'$0� 
�
K���8$57�B57610� 
�
K���&$1�B5;0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���6'00&�B&/. 
�
K���*0$&�B7;&/. 
�
K���8$57�B7;0� 

 
*5)B*3,2�%B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�6�B6&/.5;0� 
�
K���*0$&�B5;'� 
�
K���8$57�B57610� 
�
K���63,�B026,0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���*0$&�B5;'� 
�
K���8$57�B&7610� 
�
K���63,�B0,620� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���*0$&�B7;(1 
�
K���8$57�B57610� 
�
K���63,�B&/.0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���*0$&�B7;'� 
�
K���8$57�B7;0� 

 
*5)B*3,2�&B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B/5&.7;0� 
�
K���*0$&�B0'& 
�
K���8$57�B57610� 
�
K���63,�B026,0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B6&/.7;0� 
�
K���*0$&�B0&/.,1287 
�
K���8$57�B&7610� 
�
K���63,�B0,620� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B0&/.0� 
�
K���(7+�B5()&/.2��0 
�
K���8$57�B57610� 
�
K���63,�B&/.0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B/5&.5;0� 
�
K���*0$&�B5;'9&56 
�
K���8$57�B&7610� 
�
K���63,�B&6�0� 
 

 
*5)B*3,2�&B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���&/.��.B287� 
�
K���8$57�B5;0� 
�
K���63,�B&6�0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B6',0� 
�
K���*0$&�B5;(5 
�
K���8$57�B7;0� 
�
K���63,�B&6�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���,�6�B6'20� 
�
K���*0$&�B0',2 
�
K���8$57�B&7610� 
�
K���63,�B&6�0� 

 
*5)B*3,2�'B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B&/.0� 
�
K���3&,(��;�B:$.(10� 
�
K���,�6�B6',�0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B&6�0� 
�
K���3&,(��;�B&/.5(410� 
�
K���,�6�B/5&.7;0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B026,0� 
�
K���3&,(��B:$.(10� 
�
K���,�6�B6&/.7;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B0,620� 
�
K���3&,(��B&/.5(410� 
�
K���,�6�B0&/.0��  
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*5)B*3,2�'B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B0,620� 
�
K���8$57�B7;0� 
�
K���,�6�B6'2�0��  

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B026,0� 
�
K���3&,(��;�B3(56710� 
�
K���,�6�B6',�0��  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B&6�0� 
�
K���3&,(��;�B:$.(10� 
�
K���,�6�B6',�0��  
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���/&'&B'� 
�
K���%7���B'�0� 
�
K���63,�B&6�0� 
�
K���3&,(��;�B&/.5(410� 
�
K���,�6�B6',�0� 

 
*5)B*3,2�$B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B7;'�0� 
�
K���,�6�B6&/.0� 
�
K���6'00&�B'�0� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'� 
�
K���%7����B'� 
�
K���*0$&�B7;'�0� 
�
K���,�6�B0&/.0� 
�
K���6'00&�B'�0��  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'� 
�
K���%7����B'� 
�
K���63,�B&6�0� 
�
K���3&,(��;�B3(56710� 
�
K���6'00&�B'�0��  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B&/. 
�
K���%7���B&/.0� 
�
K���63,�B&/.0� 
�
K���8$57�B5;0� 
�
K���,�6�B6'2�0��  

 
*5)B*3,2�$B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;&/.0� 
�
K���6'00&�B'(70� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'�� 
�
K���%7����B&/. 
�
K���*0$&�B7;&/.0� 
�
K���,�6�B6',0� 
�
K���6'00&�B&/.0� 
 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;'�0� 
�
K���,�6�B6'20� 
�
K���6'00&�B&0'0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;'�0� 
�
K���,�6�B/5&.0� 
�
K���6'00&�B'�0� 

 
*5)B*3,2�%B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;'9&560� 
�
K���,�&�B6&/0� 
�
K���3'0B6',�0� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;'�0� 
�
K���8$57�B7;0� 
�
K���3:0�B0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���*0$&�B5;'�0� 
�
K���8$57�B5;0� 
�
K���3:0�B0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'� 
�
K���(7+�B5()&/.2��00� 
�
K���6'00&�B3:5(10� 

 
*5)B*3,2�%B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���3:0��B0� 
�
K���*0$&�B7;(10� 
�
K���8$57�B7;0� 
�
K���3'0B6',�0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'�� 
�
K���*0$&�B7;'�0� 
�
K���,�&�B6'$0� 
�
K���3:0��B0��  
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'�� 
�
K���*0$&�B7;'�0� 
�
K���,�&�B6&/0� 
�
K���3:0��B0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���/&'&B'�� 
�
K���%7����B'�� 
�
K���*0$&�B5;(50� 
�
K���,�&�B6'$0� 
�
K���3'0B6',�0� 
 

 
*5)B*3,2�&B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���/&'&B'(1 
�
K���%7����B'�� 
�
K���63,�B&/.0� 
�
K���8$57�B5;0� 
�
K���,�6�B6&/.5;0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���/&'&B96<1& 
�
K���%7����B'�� 
�
K���63,�B0,620� 
�
K���8$57�B7;0� 
�
K���,�6�B6'2�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���/&'&B+6<1& 
�
K���%7����B'�� 
�
K���63,�B026,0� 
�
K���3&,(��B3(56710� 
�
K���,�6�B6'2�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���/&'&B'�� 
�
K���3:0��B0� 
�
K���*0$&�B0&/.,12870� 
�
K���8$57�B5;0� 
�
K���3'0B6',�0� 

 
*5)B*3,2�&B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B'�0� 
�
K���,�6�B6&/.7;0� 
�
K���%7���B'�0� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

JSLR�F�BVHO 
 
�
K���*3,2�B&� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B'�0� 
�
K���,�6�B0&/.0� 
�
K���%7���B'�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���63',)B7;0� 
�
K���*0$&�B0',20� 
�
K���8$57�B5;0� 
�
K���,�6�B/5&.5;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���923B3:00� 
�
K���*0$&�B0'&0� 
�
K���8$57�B7;0� 
�
K���3'0B&/.�0� 
 
 

 
*5)B*3,2�'B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B&/.0� 
�
K���,�6�B6',�0� 
�
K���%7���B'�0� 
 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B&0'0� 
�
K���,�6�B6',�0� 
�
K���%7���B'�0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B'�0� 
�
K���,�6�B6'2�0� 
�
K���%7���B'�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B'�0� 
�
K���,�6�B/5&.7;0� 
�
K���%7���B'�0� 

 
*5)B*3,2�'B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���*0$&�B7;'�0� 
�
K���8$57�B5;0� 
�
K���3'0B6',�0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���*0$&�B7;'�0� 
�
K���8$57�B7;0� 
�
K���3'0B&/.�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B3:5(10� 
�
K���,�6�B6',�0� 
�
K���%7���B'�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���&,)B'� 
�
K���(%&B6''2� 
�
K���6'00&�B'(70� 
�
K���,�6�B6',�0� 
�
K���%7���B'�0� 
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*5)B*3,2�$B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B5;&/.0� 
�
K���8$57�B5;0� 
�
K���3'0B6',�0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B5;'�0� 
�
K���8$57�B7;0� 
�
K���3'0B6',�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B5;'�0� 
�
K���3'0B6',�0�� � �  
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B7;&/.0� 
�
K���3'0B&/.�0�� �  

 
*5)B*3,2�$B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&$0B&/.287� 
�
K���(%&B6'&(� 
�
K���*0$&�B5;'�0� 
�
K���63,�B&6�0� 
�
K���,�6�B/5&.5;0� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���,63B)/$6+75,*287 
�
K���(%&B6'&(� 
�
K���*0$&�B7;(10� 
�
K���63,�B&6�0� 
�
K���,�6�B6&/.5;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B7;'�0� 
�
K���8$57�B5;0� 
�
K���,�6�B/5&.5;0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�D�BVHO 
�
K���*3,2�B$� 
�
K���&,)B'�� 
�
K���(%&B6''2�� 
�
K���*0$&�B7;'�0� 
�
K���8$57�B7;0� 
�
K���,�6�B/5&.7;0� 

 
*5)B*3,2�%B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6&/0� 
�
K���(%&B*'2( 
�
K���(7+�B5()&/.2��00� 
�
K���63,�B&/.0� 
�
K���,�6�B6'20� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6'$0� 
�
K���(%&B9&20 
�
K���*0$&�B5;(50� 
�
K���63,�B026,0� 
�
K���,�6�B6',0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,63B35(/,*+775,* 
�
K���(%&B6'&(� 
�
K���*0$&�B5;'9&560� 
�
K���,�6�B6'2�0��  

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���&$0B&/.287� 
�
K���(%&B6'&(� 
�
K���*0$&�B5;'�0� 
�
K���63,�B0,620� 
�
K���,�6�B6'2�0� 

 
*5)B*3,2�%B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���&,)B96<1& 
�
K���(%&B6'2( 
�
K���*0$&�B0',20� 
�
K���,�6�B6&/.7;0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���&,)B+5() 
�
K���(%&B6'/( 
�
K���*0$&�B0'&0� 
�
K���8$57�B57610� 
�
K���,�6�B0&/.0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6&/0� 
�
K���(%&B6'6+5 
�
K���&$1�B7;0� 
�
K���,�6�B6'2�0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�E�BVHO 
�
K���*3,2�B%� 
�
K���,�&�B6'$0� 
�
K���(%&B*'63 
�
K���&$1�B5;0� 
�
K���,63B)/$6+75,*,1 
�
K���%7���B&/.0� 

 
*5)B*3,2�&B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���63,�B026,0� 
�
K���&$1�B7;0� 
�
K���3&,(��;�B:$.(10� 
�
K���,�6�B6&/.0� 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���63,�B&/.0� 
�
K���&$1�B5;0� 
�
K���3&,(��;�B&/.5(410� 
�
K���,�6�B0&/.0� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���&,)B&/.,1 
�
K���(%&B6'&/. 
�
K���*0$&�B0&/.,12870� 
�
K���8$57�B&7610� 
�
K���,�6�B6&/.5;0� 
 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���&,)B&/.287 
�
K���(%&B*'&/. 
�
K���3:0��B0� 

 
*5)B*3,2�&B,208;B+ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���+'0,7;B6&/ 
�
K���,�&�B6&/0��  
 

�� 52 �[� UHVHUYHG 

���� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���63,�B&6�0� 
�
K���6$7$�B$&7/(' 
�
K���8$57�B5;0� 
�
K���,�6�B6',0� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���3:0��B0� 
�
K���63,�B0,620� 
�
K���6$7$�B$&7/(' 
�
K���8$57�B7;0� 
�
K���,�6�B6'20� 

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�F�BVHO 
�
K���*3,2�B&� 
�
K���('3'3B+3',10� 
�
K���63',)B7;0� 
�
K���6$7$�B$&7/(' 
�
K���3&,(��;�B3(56710� 
�
K���,�6�B/5&.0� 

 
*5)B*3,2�'B,208;B/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
���� 5: �[� JSLR�G�BVHO 

�
K���*3,2�B'� 
� 52 �[� UHVHUYHG 

��� 5: �[� 
JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���+'0,7;B&(&0� 
�
K���63,�B&6�0�� �  

� 52 �[� UHVHUYHG 

��� 5: �[� 

JSLR�G�BVHO 
�
K���*3,2�B'� 
�
K���+'0,7;B6'$ 
�
K���,�&�B6'$0��  
 

 
*5)B*3,2�$B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�%B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�&B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�'B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�$B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�%B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�&B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�'B3 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�$B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�%B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�&B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�'B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�G�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�$B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�D�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�%B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�E�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�&B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�'B3 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

����� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BS 
�
E����=�1RUPDO�RSHUDWLRQ�� 
�
E����:HDN���SXOO�XS�� 
�
E����:HDN���SXOO�GRZQ�� 
�
E����5HVHUYHG� 

 
*5)B*3,2�$B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  280 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�%B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�&B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�'B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�$B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�%B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�&B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�'B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�$B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�%B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�&B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�'B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�G�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�$B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�%B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�E�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�&B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�F�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�'B,( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

����� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

��� 5: �[� 

JSLR�D�BLH 
*3,2�3$'�LQSXW�HQDEOH 
�
E����'LVDEOH 
�
E����1RQ�6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����6FKPLWW�WULJJHU�LQSXW�HQDEOH 
�
E����5HVHUYHG 

 
*5)B*3,2�$B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�%B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�&B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�'B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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*5)B*3,2�$B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�%B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�&B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�'B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�$B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�D�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�%B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�E�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�&B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�F�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�'B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 

� 5: �[� 

JSLR�G�BRSG 
*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�$B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
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�
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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ZULWHBHQDEOH 
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�
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JSLR�F�BRSG 
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*3,2�3$'�RSHQ�GUDLQ�IXQFWLRQDOLW\�HQDEOH 
�
E���'LVDEOH�  
�
E���(QDEOH 
 

 
*5)B*3,2�'B23' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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ZULWHBHQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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E���'LVDEOH�  
�
E���(QDEOH 
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*5)B*3,2�%B686 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�E�BVO 
�
E����VORZHVW 
�� 
�� 
�
E����IDVHW 
$OZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
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*5)B*3,2�&B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�F�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
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*5)B*3,2�'B6/ 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

����� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 

��� 5: �[� 

JSLR�G�BVO 
*3,2�VOHZ�UDWH�FRQWURO��DOZD\V�VHW�WR��
E���LQ�QRUPDO�RSHUDWLRQ� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
�
E����/HYHO�� 
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*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
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*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  343 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  344 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  345 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  346 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  347 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
&RSZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  348 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  349 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  350 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�I 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  351 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  352 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  353 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  354 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  355 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  356 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  357 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  358 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  359 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�%B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
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*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
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*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�'B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�G�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
 
 

 
*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
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$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
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�
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�
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*5)B*3,2�$B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

JSLR�D�BGV 
*3,2�3$'�'ULYH�6WUHQJWK�FRQWURO� 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 
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��� 5: �[�� 

JSLR�D�BGV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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*5)B*3,2�%B'6B� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�F�BGV 
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�
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*5)B*3,2�&B'6B� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��(�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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*5)B*3,2�&B'6B� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
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�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
JPDF�BLRPX[BVHO 
*0$&��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
HGSBKSGBLRPX[BVHO 
('3B+3'�,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FDQ�BLRPX[BVHO 
&$1��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
FDQ�BLRPX[BVHO 
&$1��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
FDQ�BLRPX[BVHO 
&$1��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

 
*5)B,2)81&B6(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
SZP�BLRPX[BVHO 
3:0��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
L�F�BLRPX[BVHO 
,�&��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
L�F�BLRPX[BVHO 
,�&��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
L�F�BLRPX[BVHO 
,�&��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

 
*5)B,2)81&B6(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
VGPPF�BLRPX[BVHO 
6'00&��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

�� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
SZP��BLRPX[BVHO 
3:0���,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
SZP�BLRPX[BVHO 
3:0��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

 
*5)B,2)81&B6(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����86%�B27*�XDUW�PX[ 
�
E����86%�B+RVW�XDUW�PX[ 

� 52 �[� UHVHUYHG 

� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
VSL�BLRPX[BVHO 
63,��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
VSL�BLRPX[BVHO 
63,��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
VSL�BLRPX[BVHO 
63,��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
VSL�BLRPX[BVHO 
63,��,2�PX[�VHOHFWLRQ 

E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

 
*5)B,2)81&B6(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
L�V�BLRPX[BVHO 
,�6��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
L�V�BLRPX[BVHO 
,�6��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

����� 5: �[� 

L�V�BLRPX[BVHO 
,�6��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

� 52 �[� UHVHUYHG 

� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

��� 5: �[� 

XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

� 52 �[� UHVHUYHG 

� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

� 52 �[� UHVHUYHG 

� 5: �[� 
XDUW�BLRPX[BVHO 
8$57��,2�PX[�VHOHFWLRQ 
�
E��0��PX[�VROXWLRQ 
�
E��0��PX[�VROXWLRQ 

 
*5)B,2)81&B6(/� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
VDWD�BFSBGHOBVHO 
VDWD�BFSBGHW�VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV�IURP�,2 

�� 5: �[� 
VDWD�BFSBGHOBVHO 
VDWD�BFSBGHW�VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV�IURP�,2 

�� 5: �[� 
VDWD�BFSBGHOBVHO 
VDWD�BFSBGHW�VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BFSBGHW�LV�IURP�,2 

�� 5: �[� 
VDWD�BPSBVZLWFKBVHO 
VDWD�BPSBVZLWFK� �VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV�IURP�,2 

�� 5: �[� 
VDWD�BPSBVZLWFKBVHO 
VDWD�BPSBVZLWFK� �VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV�IURP�,2 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VDWD�BPSBVZLWFKBVHO 
VDWD�BPSBVZLWFK� �VHOHFW 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV��
E� 
�
E���WKH�YDOXH�RI�VDWD�BPSBVZLWFK�LV�IURP�,2 

��� 5: �[� 

VDWDBFSBSRGBVHO 
VDWDBFSBSRG�VRXUFH�VHOHFW 
�
E����)URP�VDWD� 
�
E����)URP�VDWD� 
�
E����)URP�VDWD� 
�
E����5HVHUYHG 

��� 5: �[� 

SFLH��[�BLRPX[BVHO 
3&,H��;��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

��� 5: �[� 

SFLH��[�BLRPX[BVHO 
3&,H��;��,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

��� 5: �[� 

SFLH��BLRPX[BVHO 
3&,H���,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

��� 5: �[� 

SGPBLRPX[BVHO 
3'0�,2�PX[�VHOHFWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E���0��PX[�VROXWLRQ 
�
E����5HVHUYHG 

 
*5)B9,B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
GYSBFONBLQYBVHO 
�
E���&ORFN�LV�LQYHUWHG�IRU�GYS�FORFN 
�
E���&ORFN�LV�QRW�LQYHUWHG�IRU�GYS�FORFN 

�� 5: �[� 
FVLSK\BFON�BLQYBVHOHFWLRQ 
�
E���'LVDEOH�FORFN�LQYHUWHU�IRU�FORFN�ODQH� 
�
E���(QDEOH�FORFN�LQYHUWHU�IRU�FORFN�ODQH� 

�� 5: �[� 
FVLSK\BFONODQH�BHQ 
�
E���'LVDEOH�FORFN��ODQH 
�
E���(QDEOH�FORFN��ODQH 

� 5: �[� 
FVLSK\BFON�BLQYBVHOHFWLRQ 
�
E���'LVDEOH�FORFN�LQYHUWHU�IRU�FORFN�ODQH��  
�
E���(QDEOH�FORFN�LQYHUWHU�IRU�FORFN�ODQH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FVLSK\BFONODQH�BHQ 
�
E���'LVDEOH�FORFN��ODQH 
�
E���(QDEOH�FORFN��ODQH 

� 5: �[� 
FVLSK\BGDWDODQHBHQB� 
�
E���(QDEOH�FVLSK\�ODQH� 
�
E���'LVDEOH�FVLSK\BODQH� 

� 5: �[� 
FVLSK\BGDWDODQHBHQB� 
�
E���(QDEOH�FVLSK\�ODQH� 
�
E���'LVDEOH�FVLSK\BODQH� 

� 5: �[� 
FVLSK\BGDWDODQHBHQB� 
�
E���(QDEOH�FVLSK\�ODQH� 
�
E���'LVDEOH�FVLSK\BODQH� 

� 5: �[� 
FVLSK\BGDWDODQHBHQB� 
�
E���(QDEOH�FVLSK\�ODQH� 
�
E���'LVDEOH�FVLSK\BODQH� 

� 5: �[� 
FVLSK\BIRUFHU[PRGHB� 
�
E���)RUFH�WR�U[�PRGH�RI�ODQH�� 
�
E���'LVDEOH�IRUFH�FRQWURO 

� 5: �[� 
FVLSK\BIRUFHU[PRGHB� 
�
E���)RUFH�WR�U[�PRGH�RI�ODQH�� 
�
E���'LVDEOH�IRUFH�FRQWURO 

� 5: �[� 
FVLSK\BIRUFHU[PRGHB� 
�
E���)RUFH�WR�U[�PRGH�RI�ODQH�� 
�
E���'LVDEOH�IRUFH�FRQWURO 

� 5: �[� 
FVLSK\BIRUFHU[PRGHB� 
�
E���)RUFH�WR�U[�PRGH�RG�ODQH�� 
�
E���'LVDEOH�IRUFH�FRQWURO 

 
*5)B9,B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� LVSBZLGWK 
,63�LQWHUIDFH�LVSBZLGWK�FRQWURO 

�� 5: �[� LVSBVKXWWHUBWULJ 
,63�LQWHUIDFH�VKXWWHUBWULJ�FRQWURO 

�� 5: �[� 
LVSBFVLSK\BVHO 
LVS�GDWD�ODQH�VHOHFW�ZKHQ�GSK\�VSOLW�PRGH 
�
E���ODQH��ODQH� 
�
E���ODQH��ODQH� 

�� 5: �[� 
YLFDSBFVLSK\BVHO 
YLFDS�GDWD�ODQH�VHOHFW�ZKHQ�GSK\�VSOLW�PRGH 
�
E���ODQH��ODQH� 
�
E���ODQH��ODQH� 

�� 52 �[� UHVHUYHG 

� 5: �[� 

FLIBGDWDSDWK 
SL[HO�LQSXW�GDWD�SDWK�VHOHFWLRQ�IRU�FLI�FRQWUROOHU� 
�
E���6LQJOH�HGJH�VDPSOLQJ�IRU�'93�VLJQDOV 
�
E���'XDO�HGJH�VDPSOLQJ�IRU�'93�VLJQDOV� 
 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FVLSK\BPRGHBVHO 
�
E���)XOO�PRGH�RQH�GSK\�ZLWK���ODQHV��� 
�
E���6SOLW�PRGH�WZR�GSK\�HDFK�ZLWK���ODQHV��� 
 

��� 5: �[�� 
FLIBFONBGHOD\QXP 
7KH�GHOD\�YDOXH�RI�GYS�SDWK�FORFN�7KLV�UHJLVWHU�LV�YDOLG�RQO\�ZKHQ�
FLIBGDWDSDWK�6<6B*5)B9,B&21�>�@��LV�VHW�WR�KLJK 

 
*5)B9,B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 
�� 5: �[� FVLSK\BHUUFRQWHQWLRQOS�B� 

/3��&RQWHQWLRQ�HUURU�VWDWXV 
� 5: �[� FVLSK\BHUUFRQWHQWLRQOS�B� 

/3��&RQWHQWLRQ�HUURU�VWDWXV 
� 5: �[� FVLSK\BU[VNHZFDOKVB� 

/DQH��KLJK�VSHHG�UHFHLYH�VNHZ�FDOLEUDWLRQ�VWDWXV 
� 5: �[� FVLSK\BU[VNHZFDOKVB� 

/DQH��KLJK�VSHHG�UHFHLYH�VNHZ�FDOLEUDWLRQ�VWDWXV 
� 5: �[� FVLSK\BU[VNHZFDOKVB� 

/DQH��KLJK�VSHHG�UHFHLYH�VNHZ�FDOLEUDWLRQ�VWDWXV 
� 5: �[� FVLSK\BU[VNHZFDOKVB� 

/DQH��KLJK�VSHHG�UHFHLYH�VNHZ�FDOLEUDWLRQ�VWDWXV 

� 5: �[� 
FVLSK\BGLUHFWLRQ 
7UDQVPLW�5HFHLYH�GLUHFWLRQ� 
�
E���WUDQVPLW�PRGH 
�
E���UHFHLYH�PRGH 

� 5: �[� 
FVLSK\BXOSVDFWLYHQRWB� 
/DQH��8/3�DFWLYH�VWDWXV 
7KLV�DFWLYH�ORZ�VLJQDO�LV�DVVHUWHG�WR�LQGLFDWH�WKDW�WKH�/DQH�LV�LQ�
8/3�VWDWH 

� 5: �[� 
FVLSK\BXOSVDFWLYHQRWB� 
/DQH��8/3�DFWLYH�VWDWXV 
7KLV�DFWLYH�ORZ�VLJQDO�LV�DVVHUWHG�WR�LQGLFDWH�WKDW�WKH�/DQH�LV�LQ�
8/3�VWDWH 

� 5: �[� 
FVLSK\BXOSVDFWLYHQRWB� 
/DQH��8/3�DFWLYH�VWDWXV 
7KLV�DFWLYH�ORZ�VLJQDO�LV�DVVHUWHG�WR�LQGLFDWH�WKDW�WKH�/DQH�LV�LQ�
8/3�VWDWH 

� 5: �[� 
FVLSK\BXOSVDFWLYHQRWB� 
/DQH��8/3�DFWLYH�VWDWXV 
7KLV�DFWLYH�ORZ�VLJQDO�LV�DVVHUWHG�WR�LQGLFDWH�WKDW�WKH�/DQH�LV�LQ�
8/3�VWDWH 

 
*5)B92B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
KGPLSK\BL�FBMWDJ] 
KGPLSK\�FRQILJXUDWLRQ�SRUW�VHOHFW 
�
E���-7$* 
�
E���,�& 

����� 52 �[� UHVHUYHG 
�� 5: �[� GVL�BGSLXSGDWHFIJ 

'6,��FRQWUROOHU�GSLXSGDWHFIJ� �FRQWURO 

� 5: �[� 
GVL�BGSLFRORUP 
'6,��FRQWUROOHU�GSLFRORUP�FRQILJXUDWLRQ 
�
E���QRUPDO�FRORU�PRGOH 
�
E���UHGXFHG�FRORU�PRGH 

� 5: �[� 
GVL�BGSLVKXWGQ 
'6,��&RQWUROOHU�GSLVKXWGQ�FRQILJXUDWLRQ 
�
E���HQDEOH�GLVSOD\�  
�
E���VKXWGRZQ�WKH�GLVDSOD\ 

��� 52 �[� UHVHUYHG 

��� 5: �[� 

OYGVIRUPDWBOYGV�BVHOHFW 
�
E����9(6$���ELW 
�
E����-(,'$���ELW 
�
E����-(,'$���ELW 
�
E����9(6$���ELW 
 

� 5: �[� 
OYGVIRUPDWBOYGV�BPVEVHO 
�
E���/6% 
�
E��06%�  

� 5: �[� GVL�BGSLXSGDWHFIJ 
'6,��FRQWUROOHU�GSLXSGDWHFIJ� �FRQWURO 

� 5: �[� 
GVL�BGSLFRORUP 
'6,��&RQWUROOHU�GSLFRORUP�FRQILJXUDWLRQ 
�
E���QRUPDO�FRORU�PRGOH 
�
E���UHGXFHG�FRORU�PRGH 

� 5: �[� 
GVL�BGSLVKXWGQ 
'6,��&RQWUROOHU�GSLVKXWGQ�FRQILJXUDWLRQ 
�
E���HQDEOH�GLVSOD\�  
�
E���VKXWGRZQ�WKH�GLVDSOD\ 

 
*5)B92B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
KGPLBVGDLQBPVN 
+'0,�VGDLQ�PDVN�FRQWURO 
�
E���6LJQDO�IXQFWLRQ�HQDEOH 
�
E���6LJQDO�IXQFWLRQ�GLVDEOH 

�� 5: �[� 
KGPLBVFOLQBPVN 
+'0,�VFOLQ�PDVN�FRQWURO 
�
E���6LJQDO�IXQFWLRQ�HQDEOH 
�
E���6LJQDO�IXQFWLRQ�GLVDEOH 

�� 5: �[� 
KGPLBFHFLQBPVN 
+'0,�FHFLQ�PDVN�FRQWURO 
�
E���6LJQDO�IXQFWLRQ�GLVDEOH�  
�
E���6LJQDO�IXQFWLRQ�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�� UHVHUYHG 

� 5: �[� 
UJEBE\SDVV 
�
E���%\SDVV�GDWD�V\QF 
�
E���8VH�GDWD�V\QF 

� 5: �[� 
EW����BE\SDVV 
�
E���8VH�GDWD�V\QF 
�
E���%\SDVV�GDWD�V\QF 

� 5: �[� 
EW���BE\SDVV 
�
E���8VH�GDWD�V\QF 
�
E���%\SDVV�GDWD�V\QF 

� 5: �[� 
5*%BGFONBLQYBVHO 
�
E���1RUPDO�FORFN� 
�
E���UEJBGFON�LV�LQYHUWHG 

� 5: �[� 
EW����BFONBLQYBVHO 
�
E���1RUPDO�FORFN� 
�
E���EW�����&ORFN�LV�LQYHUWHG 

� 5: �[� 
EW���BFONBLQYBVHO 
�
E���1RUPDO�FORFN� 
�
E���EW����&ORFN�LV�LQYHUWHG 

� 5: �[� 
HEFBFONBLQYBVHO 
�
E���1RUPDO�FORFN� 
�
E���HEF�FORFN�LV�LQYHUWHG 

 
*5)B92B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
GVLSK\�BW[VNHZFDOKVB� 
5HTXHVW�WR�WUDQVPLW�VNHZ�FDOLEUDWLRQ�RQ�ODQH�� 
�
E���5HTXHVW� 
�
E���,GOH 

�� 5: �[� 
GVLSK\�BW[VNHZFDOKVB� 
5HTXHVW�WR�WUDQVPLW�VNHZ�FDOLEUDWLRQ�RQ�ODQH�� 
�
E���5HTXHVW� 
�
E���,GOH 

�� 5: �[� 
GVLSK\�BW[VNHZFDOKVB� 
5HTXHVW�WR�WUDQVPLW�VNHZ�FDOLEUDWLRQ�RQ�ODQH�� 
�
E���5HTXHVW� 
�
E���,GOH 

�� 5: �[� 
GVLSK\�BW[VNHZFDOKVB� 
5HTXHVW�WR�WUDQVPLW�VNHZ�FDOLEUDWLRQ�RQ�ODQH�� 
�
E���5HTXHVW� 
�
E���,GOH 

�� 5: �[� 
GVLSK\�BW[VNHZFDOKVBFN 
5HTXHVW�WR�WUDQVPLW�VNHZ�FDOLEUDWLRQ�RQ�FORFN�ODQH� 
�
E���5HTXHVW� 
�
E���,GOH 

�� 52 �[� UHVHUYHG 

� 5: �[� 
OYGV�BGFONBLQYBVHO 
�
E���1RUPDO�FORFN 
�
E���,QYHUWHG�FORFN 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
OYGV�BGFONBGLY�BVHO 
OYGVGFON�GLYLGHG�E\���VHOHFWLRQ 
�
E���FORFN�E\SDVV 
�
E���FORFN�GLYLGHG�E\�� 

� 5: �[� 

GVLSK\�BODQH�BIUFW[VWSP 
)RUFH�'6,�7;�3+<�ODQH��LQWR�WUDQVPLW�PRGH�DQG�JHQHUDWH�VWRS�
VWDWH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

GVLSK\�BODQH�BIUFW[VWSP 
)RUFH�'6,�7;�3+<�ODQH��LQWR�WUDQVPLW�PRGH�DQG�JHQHUDWH�VWRS�
VWDWH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

GVLSK\�BODQH�BIUFW[VWSP 
)RUFH�'6,�7;�3+<�ODQH��LQWR�WUDQVPLW�PRGH�DQG�JHQHUDWH�VWRS�
VWDWH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

GVLSK\�BODQH�BIUFW[VWSP 
)RUFH�'6,�7;�3+<�ODQH��LQWR�WUDQVPLW�PRGH�DQG�JHQHUDWH�VWRS�
VWDWH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
GVLSK\�BODQH�BWXUQGLVDEOH 
'LVDEOH�7XUQ�DURXQG��7KLV�VLJQDO�LV�XVHG�WR�SUHYHQW�/DQH�IURP�
JRLQJ�LQWR�WUDQVPLW�PRGH��HYHQ�LI�LW�REVHUYHV�D�WXUQ�DURXQG�
UHTXHVW�RQ�WKH�/DQH�LQWHUFRQQHFW 

� 5: �[� 
GVLSK\�BOYGVBPRGH 
'6,�/9'6�FRPER�3+<��PRGH�FRQWURO 
�
E���GVL�PRGH 
�
E���OYGV�PRGH 

� 5: �[� 

GVLSK\�BIRUFHU[PRGH 
)RUFH�'6,�7;�3+<��ODQH�PRGXOH�LQWR�5HFHLYH�PRGH��ZDLW�IRU�VWRS�
VWDWH 
�
E���'LVDEOH 
�
E���(QDEOH 

 
*5)B0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� JPDF�BFONBU[BGOBFIJ 
JPDF�BFONBU[�FORFN�GHOD\�OLQH�FRQWURO 

��� 5: �[�� JPDF�BFONBW[BGOBFIJ 
JPDF�BFONBW[�FORFN�GHOD\�OLQH�FRQWURO 

 
*5)B0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JPDF�BTVJPLLBPRGH 
JPDF�BTVJPLLBPRGH 
�
E���50,,�DQG�5*0,,�PRGH�VHOHFW 
�
E���6*0,,�DQG�46*0,,�PRGH�VHOHFW 

��� 5: �[� 

JPDF�BSK\BLQWIBVHO 
3+<�LQWHUIDFH�VHOHFW 
�
E�����5*0,, 
�
E�����50,, 
�$OO�RWKHUV��5HVHUYHG 

� 5: �[� 

JPDF�BIORZFWUO 
*0$&��WUDQVPLW�IORZ�FRQWURO 
�:KHQ�VHW�KLJK��LQVWUXFWV�WKH�*0$&�WR�WUDQVPLW�3$86(�&RQWURO�
IUDPH�LQ 
� )XOO�GXSOH[�PRGH��,Q�+DOI�GXSOH[�PRGH��WKH�*0$&�HQDEOHV�WKH�
%DFN�SUHVVXUH 
IXQFWLRQ�XQWLO�WKLV�VLJQDO�LV�PDGH�ORZ�DJDLQ 

� 5: �[� 
JPDF�BPDFBVSHHG 
0$&�VSHHG 
�
E������0ESV 
�
E�����0ESV 

� 5: �[� 
JPDF�BU[FONBGO\BHQD 
5*0,,�5;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
JPDF�BW[FONBGO\BHQD 
5*0,,�7;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

 
*5)B0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� 
JPDF�BFONBU[BGOBFIJ 
5*0,,�5;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

��� 5: �[�� 
JPDF�BFONBW[BGOBFIJ 
5*0,,�7;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

 
*5)B0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
JPDF�BTVJPLLBPRGH 
JPDF�BTVJPLLBPRGH 
�
E���50,,�DQG�5*0,,�PRGH�VHOHFW 
�
E���6*0,,�DQG�46*0,,�PRGH�VHOHFW 

��� 5: �[� 

JPDF�BSK\BLQWIBVHO 
3+<�LQWHUIDFH�VHOHFW 
�
E�����5*0,, 
�
E�����50,, 
�$OO�RWKHUV��5HVHUYHG 

� 5: �[� 

JPDF�BIORZFWUO 
*0$&��WUDQVPLW�IORZ�FRQWURO 
�:KHQ�VHW�KLJK��LQVWUXFWV�WKH�*0$&�WR�WUDQVPLW�3$86(�&RQWURO�
IUDPH�LQ 
� )XOO�GXSOH[�PRGH��,Q�+DOI�GXSOH[�PRGH��WKH�*0$&�HQDEOHV�WKH�
%DFN�SUHVVXUH 
IXQFWLRQ�XQWLO�WKLV�VLJQDO�LV�PDGH�ORZ�DJDLQ 

� 5: �[� 
JPDF�BPDFBVSHHG 
0$&�VSHHG 
�
E������0ESV 
�
E�����0ESV 

� 5: �[� 
JPDF�BU[FONBGO\BHQD 
5*0,,�5;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
JPDF�BW[FONBGO\BHQD 
5*0,,�7;�FORFN�GHOD\OLQH�HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

 
*5)B%,8B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
WRSBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBGGUFBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
VIBUHTBSHULBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
UJDBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
SLSHBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
SKSBUHTBSHULBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
SHULBIZGBVIBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
SHULBIZGBSKSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
SHULBUHTBJDBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
SHULBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
QSXBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
JSXBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
JLFBIZGBSHULBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
FSXBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
FSXBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
EXVBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

 
*5)B%,8B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
WRSBIZGBSLSHBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBSHULBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBQSXBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBEXVBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBYHQFBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

�� 5: �[� 
WRSBIZGBYGHFBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBJSXBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBYRBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBYLBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBXVEBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSDOBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSDKYRBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
WRSDKSXBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBYSXBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBUJDBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
WRSBIZGBSPXBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

 
*5)B%,8B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
YSXBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
YRBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
YLBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
YHQFBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
YGHFBIZGBWRSBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
YGHFBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

� 5: �[� 
XVEBIZGBPVFKBVWDOO 
5HVSRQVH�W\SH�ZKHQ�EXV�LV�IRUFH�WR�LGOH�VWDWH 
�
E���EXV�UHWXUQ�HUURU�UHVSRQVH 
�
E���EXV�UHWXUQ�RN�UHVSRQVH�DQG�KROG�WKH�EXV 

 
*5)B*,&B&21� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[IG�� JLFGBSDJHBRIIVHW 
JLFG�SDJH�RIIVHW�DGGUHVV�FRQWURO 

 
*5)B*,&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[IG�� 
LWVBWUDQVUBSDJHBRIIVHW 
XVHG�WR�VHW�WKH�SDJH�DGGUHVV�RI�WKH�*,76B75$16/$7(5�UHJLVWHU�
RI�*,& 

 
*5)B*,&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 
� 5: �[� JLF�FRUHBSZUTBSHUPLWBGHQ\BVDU 

*,&�JLF�FRUHBSZUTBSHUPLWBGHQ\BVDU� �ELW�FRQWURO�  

� 5: �[� 
VDPSOHBUHT 
7KLV���SKDVH�KDQGVKDNH�SURYLGHV�D�KDUGZDUH�PHFKDQLVP�WR�
VQDSVKRW�WKH�308�FRXQWHUV�DQG�KDV�WKH�VDPH�HIIHFW�DV�ZULWLQJ�WR�
WKH�*,&3B&$35�UHJLVWHU 

��� 5: �[I FSXBDFWLYH 
FSXBDFWLYH�SRUW�FRQWURO�RI�*,& 

 
*5)B*38B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 

VWULSSLQJBJUDQXOH 
&RQWUROV�PHPRU\�VWULSLQJ�LQ�OHYHO�WZR�FDFKH� 
0HPRU\�DFFHVVHV�DUH�VWULSHG�DFURVV�WKH�FDFKH�VOLFHV��)RU�HDFK�
PHPRU\�WUDQVDFWLRQ��LWV�3K\VLFDO�$GGUHVV�3$��LV�XVHG�WR�VHOHFW�WKH�
/HYHO���&DFKH��/�&��VOLFH�DQG�WKH�H[WHUQDO�$&(�SRUW 
�
E������.% 
�
E��������.% 
�
E��������.% 
�
E��������.% 
�
E������.% 
�
E������.% 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  392 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
QLGHQ 
JSXQLGHQ�SRUW�FRQWURO 
�
E���1RQLQYDVLYH�GHEXJ�GLVDEOH 
�
E���1RQLQYDVLYH�GHEXJ�HQDEOH 

� 5: �[� 
GEJHQ 
JSXGEJHQ�SRUW�FRQWURO 
�
E���'HEXJ�GLVDEOH 
�
E���'HEXJ�HQDEOH 

 
*5)B*38B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[IIIIIIII JSXBWH[IPWHQDEOH 

&RPSUHVVHG�WH[WXUH�IRUPDW�VXSSRUW�FRQWURO 
 
*5)B&38B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
DGE���BSZUTBSHUPLWBGHQ\ 
7KLV�LQSXW�GHWHUPLQHV�ZKHWKHU�WKH�$'%�����FDQ�HQWHU�WKH�
4B'(1,('�VWDWH�LQVDWH�RI�4B67233('�VDWH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

HYHQFWLUHT 
(YHQW�LQSXW�IRU�SURFHVVRU�ZDNH�XS�IURP�:)(�VWDWH��7KLV�SLQ�PXVW�
EH�DVVHUWHG�IRU�DW�OHDVW�RQH�&/.,1�FORFN�F\FOHV��:KHQ�WKLV�VLJQDO�
LV�DVVHUWHG��LW�DFWV�DV�:)(�ZDNH�XS�HYHQW�WR�DOO�WKH�FRUHV�LQ�WKH�
FOXVWHU 

�� 5: �[� HYHQWRDFN 
6HW�WKLV�ELW�WR�FOHDU�WKH�HYHQWR�ULVLQJ�HGJH�VWDWH 

� 5: �[� 
GEJFRQQHFWHG 
$�GHEXJJHU�LV�FRQQHFWHG�DQG�VR�WKH�'HEXJ%ORFN�FDQ�EH�DFFHVVHG�
RQ�ERRW 

� 5: �[� 
SPXVQDSVKRWUHT 
5HTXHVW�IRU�D�VQDSVKRW�RI�WKH�308�FRXQWHUV��2QFH�DVVHUWHG��WKLV�
VLJQDO�PXVW�UHPDLQ�+,*+�XQWLO�30861$36+27$&.�LV�DVVHUWHG��,W�
PXVW�QRW�EH�UHDVVHUWHG�XQWLO�30861$36+27$&.�LV�GHDVVHUWHG 

��� 5: �[� 

FIJWH 
(QDEOH�7���H[FHSWLRQ��,W�VHWV�WKH�LQLWLDO�YDOXH�RI�WKH�7(�ELW�LQ�WKH�
6&7/5�DQG�+6&7/5�UHJLVWHU��(DFK�ELW�LV�GHILQHG�EHORZ� 
�
E���7(�ELW�LV�ORZ 
�
E���7(�ELW�LV�KLJK 
7KHVH�ELWV�DUH�VDPSOHG�RQO\�GXULQJ�UHVHW�RI�WKH�FRUH��7LH�ORZ�IRU�
WKH�$50�LQVWUXFWLRQ�VHW�IRU�H[FHSWLRQ�KDQGOLQJ��7LH�KLJK�IRU�WKH�
7KXPE�LQVWUXFWLRQ�VHW�IRU�H[FHSWLRQ�KDQGOLQJ� 
2QO\�FKDQJH�LW�ZKHQ�WKH�FRUH�LV�LQ�WKH�UHVHW�VWDWH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

FIJHQG 
(QGLDQQHVV�FRQILJXUDWLRQ�DW�UHVHW��,W�VHWV�WKH�LQLWLDO�YDOXH�RI�WKH�
((�ELWV�LQ�WKH�6&7/5��+6&7/5��6&7/5B(/���6&7/5B(/���DQG�
6&7/5B(/��UHJLVWHUV��(DFK�ELW�LV�GHILQHG�EHORZ� 
�
E���((�ELW�LV�ORZ 
�
E���((�ELW�LV�KLJK 
7KHVH�ELWV�DUH�VDPSOHG�RQO\�GXULQJ�UHVHW�RI�WKH�FRUH��7LH�KLJK�IRU�
ELJ�HQGLDQ�GDWD�GXULQJ�H[FHSWLRQ�KDQGOLQJ��7LH�LW�ORZ�IRU�OLWWOH�
HQGLDQ�GDWD�GXULQJ�H[FHSWLRQ�KDQGOLQJ� 
2QO\�FKDQJH�LW�ZKHQ�WKH�FRUHV�DUH�LQ�WKH�VWDWH 

 
*5)B&38B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

�� 5: �[� 
GRUPDQWVWDWH 
$FWLYH�+,*+�VWDWXV�WR�LQGLFDWH�WKDW�QRQH�RI�WKH�SURWRFRO�HQJLQHV�
DUH 
VHOHFWHG�DQG�WKDW�WKH�'3�LV�LQ�GRUPDQW�VWDWH 

����� 5: �[� MWDJVWDWH 
-7$*�6WDWH��6KRZV�WKH�FXUUHQW�-7$*�7$3�VWDWH�PDFKLQH�VWDWH 

����� 5: �[� MWDJLU 
-7$*�,QVWUXFWLRQ�5HJLVWH 

�� 5: �[� 
MWDJDFWLYH 
-7$*�$FWLYH��2XWSXW�LV�GULYHQ�+,*+�ZKHQ�WKH�'HEXJ�3RUW�LV�
RSHUDWLQJ�XVLQJ�WKH�-7$*�SURWRFRO 

�� 5: �[� 
VZDFWLYH 
6HULDO�:LUH�$FWLYH��2XWSXW�LV�GULYHQ�+,*+�ZKHQ�WKH�'HEXJ�3RUW�LV�
RSHUDWLQJ�XVLQJ�WKH�6HULDO�:LUH�SURWRFRO 

�� 5: �[� HYHQWRUHT 
(YHQW�RXWSXW�UHTXHVW�IRU�ZDNH�XS��WULJJHUHG�E\�6(9�LQVWUXFWLRQ 

�� 5: �[� HYHQWLDFN 
(YHQW�LQSXW�UHTXHVW�DFNQRZOHGJH 

� 52 �[� UHVHUYHG 
� 5: �[� SPXVQDSVKRWDFN 

$FNQRZOHGJH�D�VQDSVKRW�UHTXHVW 
��� 5: �[� FRUHLQVWUUHW 

,QGLFDWHV�WKDW�D�FRUH�KDV�UHWLUHG�DW�OHDVW�RQH�LQVWUXFWLRQ�UHFHQWO\ 

��� 5: �[� 
FRUHLQVWUXQ 
,QGLFDWHV�WKDW�D�FRUH�LV�LQ�D�UXQQLQJ�VWDWH��SRZHUHG�XS�DQG�QRW�LQ�
:),�RU�:)(�ORZ�SRZHU�VWDWHV� 

 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

�� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

�� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

�� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

�� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
�� 5: �[� RSWFQVBORFN 

RWSF�QRQ�VHFXUH�ORFN�VLJQDO 
�� 5: �[� RWSFVBORFN 

RWSF�VHFXUH�ORFN�VLJQDO 

�� 5: �[� 
VGPPF�BEXIIHUBHQ 
VGPPF�BEXIIHU�HQDEOH 
�
E���VHOHFW�VGPPF��DV�VGPPF��LR 
�
E���VHOHFW�VGPPF�BEXIIHU�DV�VGPPF��LR 

�� 5: �[� 
VGPPF�BEXIIHUBHQ 
VGPPF�BEXIIHU�HQDEOH 
�
E���VHOHFW�VGPPF��DV�VGPPF��LR 
�
E���VHOHFW�VGPPF�BEXIIHU�DV�VGPPF��LR 

� 5: �[� 
VGPPF�BEXIIHUBHQ 
VGPPF�BEXIIHU�HQDEOH 
�
E���VHOHFW�VGPPF��DV�VGPPF��LR 
�
E���VHOHFW�VGPPF�BEXIIHU�DV�VGPPF��LR 

� 5: �[� 
SFLHBDGGUBH[WHQG 
SFLH�VODYH�DGGUHVV�H[WHQG�FRQWURO 
�
E���DGGUHVV�RI��[)�������a�[)&�������LV�FRQILJ�DGGUHVV�  
�
E���DGGUHVV�RI��[)�������a�[)&�������LV�''5�DGGUHVV 

� 5: �[� 
L�V�BVFONBVHO 
L�V��VFON�WR�*3,2�VRXUFH�VOHFWLRQ 
�
E���L�V�BVFONBU[ 
�
E���L�V�BVFONBW[ 

� 5: �[� 
L�V�BOUFNBVHO 
L�V��OUFN�WR�*3,2�VRXUFH�VOHFWLRQ 
�
E���L�V�BOUFNBU[ 
�
E���L�V�BOUFNBW[ 

� 5: �[� 
L�V�BPFONBVHO 
L�V��PFON�WR�*3,2�VRXUFH�VOHFWLRQ 
�
E���L�V�BPFONBU[ 
�
E���L�V�BPFONBW[ 

� 5: �[� ZGWBQVBSDXVHBHQ 
1RQ�6HFXUH�ZGW�SDXVH�HQDEOH 

� 5: �[� HPPFBFONVWDEOH 
(00&�FONVWDEOH�ELW�FRQWURO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
HPPFBFONE\SDVV 
(00&�FONE\SDVV�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
XDUW�BUWVBLQY 
XDUW�BUWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

� 5: �[� 
XDUW�BFWVBLQY 
XDUW�BFWV�SRODULW\�VHOHFWLRQ 
�
E���/RZ�DVVHUWHG 
�
E���+LJK�DVVHUWHG 

 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
L�V�BPFONBVHO 
L�V��PFON�VRXUFH�VHOHFWLRQ 
�
E���L�V�BPFONRXWBU[ 
�
E���L�V�BPFONRXWBW[ 

�� 5: �[� DFGFGLJBL�FBWUDQBUHT 
DFGFGLJ�XVLQJ�L�F�UHTXHVW 

�� 5: �[� 
DFGFGLJBL�VBDFWLYH 
L�V��XVDJH�VHOHFWLRQ 
�
E���8VHG�DV�,2�ZLWK�H[WHUQDO�,�6�EXV�GHYLFH 
�
E���8VHG�WR�FRPXQXFDWLHG�ZLWK�DFGFGLJ�,3 

�� 52 �[� UHVHUYHG 
�� 5: �[� EXVBSZUBLGOHBUHT 

EXV�ELX�LGOH�UHTXHVW 
�� 5: �[� SPXBSZUBLGOHBUHT 

SPXELX�LGOH�UHTXHVW 
��� 52 �[� UHVHUYHG 

� 5: �[� 
VFUBGHWBLQYBVHO 
6PDUW�FDUG�GHWHFW�SRUW�LQYHUW�HQDEOH 
�
E���1RW�LQYHUWHG 
�
E���,QYHUWHG 

� 5: �[� 
ZGWQVBJOEBUHVHWBHQ 
QRQ�VHFXUH�ZDWFK�GRJ�UHVHW�HQDEOH 
�
E���'LVDEOH�UHVHW�V\VWHP 
�
E���(QDEOH�UHVHW�V\VWHP 

� 5: �[� 
L�V�BPFONBRH 
L�V��PFON�VRXUFH�VHOHFWLRQ 
�
E���IURP�H[WHUQDO�FKLS 
�
E���IURP�FUX 

� 5: �[� 
L�V�BPFONBRH 
L�V��PFON�VRXUFH�VHOHFWLRQ 
�
E���IURP�H[WHUQDO�FKLS 
�
E���IURP�FUX 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
L�V�BPFONBW[BRH 
L�V��PFONBW[�VRXUFH�VHOHFWLRQ 
�
E���IURP�H[WHUQDO�FKLS 
�
E���IURP�FUX 

� 5: �[� 
L�V�BPFONBU[BRH 
L�V��PFONBU[�VRXUFH�VHOHFWLRQ 
�
E���IURP�H[WHUQDO�FKLS 
�
E���IURP�FUX 

 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
:ULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� PFXBDKE�D[LBGBEXIBIOXVK 
0&8�DKE�D[L�GBEXI�IOXVK�FRQWURO 

�� 5: �[� PFXBDKE�D[LBLBEXIBIOXVK 
0&8�DKE�D[L�LBEXI�IOXVK�FRQWURO 

�� 5: �[� 

PFXBVHOBD[L 
%RWK�$+%�DQG�$;,�EXV�DUH�SURYLGHG�IRU�0&8�WR�DFFHVV� � V\VWHP�
UHJLVWHU�DQG�PHPRU\ 
�
E���0&8�XVH�$+%�EXV 
�
E���0&8�XVH�$;,�EXV 

�� 5: �[� PFXBVRIWBLUT 
0&8�VRIW�LQWHUUXSW�UHTXHVW 

���� 52 �[� UHVHUYHG 

� 5: �[� 
KGFSBXDUWBHQ 
KGFSXDUW�LQWHUIDFH�HQDEOH�  
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPFBEXIBFONBLQYBVHO 
VGPPFBEXIIHU�FORFN�LQY�VHOHFW 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VGPPFBEXIIHUBHQ 
VGPPFBEXIIHU�HQDEOH�  
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

��� 5: �[�� 

VGPPFBEXIIHUBZUBWKUHVK 
6'00&B%8))(5�EORFN�ZULWH�GDWD�WKUHVKKROG�FRQWURO��ZKHQ�WKH�
YDOLGH�GDWD�HQWU\�LV�PRUH�WKDQ�WKLV�YDOXH��6'00&B%8))(5�ZLOO�
VHQG�GDWD�WR�*3,2� 
 

 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
:ULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[���� PFXBERRWBDGGU 

0&8�ERRW�DGGUHVV 
 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[����D��� VGFDUGBGHFWQBGO\ 

'HOD\�FRXQWHU�VHWWLQJ�DIWHU�VGFDUG�SOXJ�RXW��&RXQW�E\���0�FORFN 
 
*5)B62&B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
:ULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
JPDF�BW[FONP�BLQYBHQ 
*0$&��W[BFONBP��LQYHWHU�VHOHFW 
�
E���:LWKRXW�FORFN�LQYHUWHU 
�
E���:LWK�FORFN�LQYHUWHU 

�� 5: �[� 
JPDF�BW[FONP�BLQYBHQ 
*0$&��W[BFONBP��LQYHWHU�VHOHFW 
�
E���:LWKRXW�FORFN�LQYHUWHU 
�
E���:LWK�FORFN�LQYHUWHU 

�� 5: �[� 
JPDF�BW[FONBLQYBHQ 
*0$&��W[BFONLQYHWHU�VHOHFW 
�
E���:LWKRXW�FORFN�LQYHUWHU 
�
E���:LWK�FORFN�LQYHUWHU 

�� 5: �[� 
SSOOBFONBVHO 
33//�FORFN�PX[�VHOHFW 
�
E���ZLWK�OHYHO�VKLIWHU 
�
E���ZLWKRXW�OHYHO�VKLIWHU 

�� 5: �[� 
KSOOBFONBVHO 
+3//�FORFN�PX[�VHOHFW 
�
E���ZLWK�OHYHO�VKLIWHU 
�
E���ZLWKRXW�OHYHO�VKLIWHU 

�� 5: �[� 
SFLH��SK\BSUEBLRBHQ 
SFLH���SK\�SUREH�LR�HQDEOH�UHJLVWHU 
�
E�� �DFGFGLJBG�DB'DFBGDWD�WR�*3,2�$��DQG�*3,2�%� 
�
E���SFLH��SK\BGWEBRXW�WR�*3,2�$��DQG�*3,2�%� 

� 5: �[� DKE�D[LBGBUGBFOHDQ 
DKE�D[L�'�EXV�UHDG� �FOHDQ�FRQWURO�UHJLVWHU 

� 5: �[� DKE�D[LBLBUGBFOHDQ 
DKE�D[L�,�EXV�UHDG� �FOHDQ�FRQWURO�UHJLVWHU 

��� 5: �[II 
DKE�D[LBGBWLPHRXW 
DKE�D[L�'�%XV�ZULWH�WLPH�RXW�FRQWURO�UHJLVWHU��ZKHQ�WLPH�RXW��WKH�
GDWD�LQ�ZULWH�EXIIHU�ZLOO�EH�IOXVKHG� 

 
*5)B62&B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
�� 5: �[� ZILBKDOWHG 

ZILBKDOWHG�VWDWXV�IURP�0&8 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� RWSBVBXVHUBEXV\ 

RWSF�VHFXXUH�86(5�EXV\ 
�� 5: �[� RWSBVBVESLBEXV\ 

RWSF�VHFXXUH�6%3,�EXV\ 
�� 5: �[� RWSFQVBXVHUBEXV\ 

RWSF�QRQ�VHFXXUH�86(5�EXV\ 
�� 5: �[� RWSFQVBVESLBEXV\ 

RWSF�QRQ�VHFXXUH�6%3,�EXV\ 
�� 5: �[� SPXBSZUBLGOHBDFN 

308�1,8�LGOH�DFNQRZOHGJH�VWDWXV 
�� 5: �[� SPXBSZUBLGOH 

308�1,8�LGOH�VWDWXV 
�� 5: �[� EXIBIOXVKBDFNBG 

EXIBIOXVKBDFNBL 
�� 5: �[� EXIBIOXVKBDFNBL 

EXIBIOXVKBDFNBL 
�� 5: �[� VFUDPEOHBVKLIWBUHDG\ 

GGUBVFUDPEOH�VHHG�VKLIW�UHDG\�VWDWXV 
�� 5: �[� YRSBGPDBILQLVK 

YRSUDZEBGPDBILQLVK�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� WLPHUBHQBVWDWXV� 

WLPHU�BHQ�VWDWXV 
�� 5: �[� GGUBFPGBSOOBORFN 

''5�&0'3//�ORFN�VWDWXV 
� 5: �[� DFGFGLJBL�FBWUDQBDFN 

DFNQRZOHGJH�VWDWXV�VLJQDO�WR�DFGFGLJ�,3�XVH�L�F�UHTXHVW�  
� 5: �[� PSOOBORFN 

03//�ORFN�VWDWXV 
� 5: �[� KSOOBORFN 

+3//�ORFN�VWDWXV 
� 5: �[� YSOOBORFN 

93//�ORFN�VWDWXV 
� 5: �[� QSOOBORFN 

13//�ORFN�VWDWXV 
� 5: �[� SSOOBORFN 

33//�ORFN�VWDWXV 
� 5: �[� JSOOBORFN 

*3//�ORFN�VWDWXV 
� 5: �[� FSOOBORFN 

&3//�ORFN�VWDWXV 
� 5: �[� GSOOBORFN 

'3//�ORFN�VWDWXV 
� 5: �[� DSOOBORFN 

$3//�ORFN�VWDWXV 
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*5)B5$0B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 5: �[� URPBWUE 
520�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 

����� 5: �[� URPBUWVHO 
520�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 

����� 5: �[� URPBSWVHO 
520�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 

��� 5: �[� 

GSUDBZWVHO 
'35$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 
�
E���5HFRPPHQGHG�VHWWLQJ�ZLWK�WKH�RSWLPL]HG�ZULWH�PDUJLQ 
�
E���5HOD[HG�ZULWH�PDUJLQ�VHWWLQJ��XVHG�IRU�GHEXJJLQJ�SXUSRVH� 
�
E���0RUH�UHOD[HG�ZULWH�PDUJLQ�VHWWLQJ��XVHG�IRU�GHEXJJLQJ�
SXUSRVH� 
�
E���0RVW�UHOD[HG�ZULWH�PDUJLQ�VHWWLQJ��XVHG�IRU�GHEXJJLQJ�
SXUSRVH� 

��� 5: �[� 

GSUDBUWVHO 
'35$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 
�
E����5HFRPPHQGHG�VHWWLQJ�ZLWK�WKH�RSWLPL]HG�UHDG�PDUJLQ 
   
�
E����5HOD[HG�UHDG�PDUJLQ�VHWWLQJ��XVHG�IRU�GHEXJJLQJ�SXUSRVH�
   �
E����0RUH�UHOD[HG�UHDG�PDUJLQ�VHWWLQJ��XVHG�IRU�
GHEXJJLQJ�SXUSRVH�  
�
E����0RVW�UHOD[HG�UHDG�PDUJLQ�VHWWLQJ��XVHG�IRU�GHEXJJLQJ�
SXUSRVH� 

��� 5: �[� 

GSUDBSWVHO 
'35$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 
�
E����5HFRPPHQGHG�VHWWLQJ�IRU�LQWHUQDO�FORFN�VNHZ�RI�SRUW�$�%�
ZLWK�WKH�RSWLPL]HG�GHVLJQ�PDUJLQ�DQG�WLPLQJ 
�
E����5HOD[HG�VHWWLQJ�IRU�LQWHUQDO�FORFN�VNHZ�RI�SRUW�$�%�XVHG�IRU�
GHEXJJLQJ�SXUSRVH 
�
E����0RUH�UHOD[HG�VHWWLQJ�IRU�LQWHUQDO�FORFN�VNHZ�RI�SRUW�$�%�
XVHG�IRU�GHEXJJLQJ�SXUSRVH 
�
E����0RVW�UHOD[HG�VHWWLQJ�IRU�LQWHUQDO�FORFN�VNHZ�RI�SRUW�$�%�
XVHG�IRU�GHEXJJLQJ�SXUSRVH 

��� 5: �[� VSUDBZWVHO 
635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH  

��� 5: �[� 
VSUDBUWVHO 
635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH 
   

 
*5)B&25(B5$0B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
VSUDBVOS 
635$�PHPRU\�VOHHS�FRQWURO 
�
E���VOHHS�GLVDEOH 
�
E���VOHHS�HQDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 
UWVHOBFSXBGVX 
&38�'68�635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�
SXUSRVH  

��� 5: �[� 
ZWVHOBFSXBGVX 
&38�'68�635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�
SXUSRVH  

��� 5: �[� 
UWVHOBFSX 
&38�635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH
  

��� 5: �[� 
ZWVHOBFSX 
&38�635$�PHPRU\�WLPLQJ�DGMXVWPHQW�VHWWLQJ�IRU�GHEXJ�SXUSRVH
  

 
*5)B76$'&B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
� 5: �[� WVDGFBWVHQ 

[
E[[[�ELWV�������[
K[[[[�ELWV�! ��� 
� 52 �[� UHVHUYHG 

� 5: �[� 
WVDGFBDQDBUHJ� 
([WHUQDO�YROWDJH�EXIIHU�FRQWURO 
���GLVDEOH�YROWDJH�EXIIHU 
���HQDEOH�YROWDJH�EXIIHU 

� 5: �[� 
WVDGFBDQDBUHJ� 
7HPSHUDWXUH�UHODWHG�YROWDJH�ILOWHU�E\SDVV�FRQWURO 
���VHOHFW�ILOWHU 
���E\SDVV�ILOWHU 

� 5: �[� 
WVDGFBDQDBUHJ� 
7HPSHUDWXUH�UHODWHG�YROWDJH�EXIIHU�FRQWURO 
���GLVDEOH�YROWDJH�EXIIHU 
���HQDEOH�YROWDJH�EXIIHU 

� 5: �[� 
WVDGFBDQDBUHJ� 
7HPSHUDWXUH�UHODWHG�YROWDJH�FRQWURO 
���VHOHFW�YROWDJH�� 
���VHOHFW�YROWDJH�� 

� 5: �[� 
WVDGFBDQDBUHJ� 
%DQGJDS�YROWDJH�ILOWHU�E\SDVV�FRQWURO 
���VHOHFW�ILOWHU 
���E\SDVV�ILOWHU 

� 5: �[� 
WVDGFBDQDBUHJ� 
%DQGJDS�YROWDJH�EXIIHU�FRQWURO 
���GLVDEOH�YROWDJH�EXIIHU�DQG�VHOHFW�$9''�DV�UHIHUHQFH 
���HQDEOH�YROWDJH�EXIIHU�DQG�VHOHFW�EDQGJDS�YROWDJH�DV�UHIHUHQFH 

� 5: �[� 
WVDGFBDQDBUHJ� 
%DQGJDS�FKRSSHU�HQDEOH�FRQWURO 
���GLVDEOH�FKRSSHU 
���HQDEOH�FKRSSHU 

 
*5)B6$5$'&B&21 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
���� 5: �[���� VDUDGFBDQDBUHJ 

5HVHUYHG 
 
*5)B*383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
����� 5: �[� JSXBSYWSOOBFONBGLYBFQW 

JSXSYWSOO�FORFN�RXW�GLYLGHG�QXEHU 

���� 5: �[� 

JSXBSYWSOOBRVFBVHO 
RVFBULQJ�VHOHFWLRQ� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 

��� 5: �[�� 

JSXBSYWSOOBULQJBOHQJWKBVHO 
JSXSYWSOO�GHOD\�FHOO�HOHPHQW�QXPEHU�FRQWURO 
�
E��������  
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 

� 5: �[� JSXSYWSOOBRXWBSRODU 
3973//�RXWSXW�SRODULW\ 

� 5: �[� JSXSYWSOOBRVFBHQ 
6HW�KLJK�WR�HQDEOH�WKH�RVFBULQJ�LQ�WKH�3973// 

� 5: �[� JSXSYWSOOBVWDUW 
6HW�KLJK�WR�VWDUW�3973// 

 
*5)B*383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SYWSOOBFDOBFQW SYWSOO�FDOFXODWLRQ�FRXQWHU 
 
*5)B*383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� JSXBSYWSOOBWKUHVKROG 7KUHVKROG�FRQWURO�IRU�YROWDJH�DGMXVWPHQW 
 
*5)B*383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� JSXBSYWSOOBUHIBFQW SYWSOO�UHIHUHQFH�FRXQWHU�  
 
*5)B1383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
����� 5: �[� JSXBSYWSOOBFONBGLYBFQW 

JSXSYWSOO�FORFN�RXW�GLYLGHG�QXEHU 

���� 5: �[� 

JSXBSYWSOOBRVFBVHO 
RVFBULQJ�VHOHFWLRQ� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 
�
E�����RVFBULQJ�� 

��� 5: �[�� 

JSXBSYWSOOBULQJBOHQJWKBVHO 
JSXSYWSOO�GHOD\�FHOO�HOHPHQW�QXPEHU�FRQWURO 
�
E��������  
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 
�
E������� 

� 5: �[� JSXSYWSOOBRXWBSRODU 
3973//�RXWSXW�SRODULW\ 

� 5: �[� JSXSYWSOOBRVFBHQ 
6HW�KLJK�WR�HQDEOH�WKH�RVFBULQJ�LQ�WKH�3973// 

� 5: �[� JSXSYWSOOBVWDUW 
6HW�KLJK�WR�VWDUW�3973// 

 
*5)B1383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SYWSOOBFDOBFQW SYWSOO�FDOFXODWLRQ�FRXQWHU 
 
*5)B1383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� JSXBSYWSOOBWKUHVKROG WKUHVKROG�FRQWURO�IRU�YROWDJH�DGMXVWPHQW 
 
*5)B1383973//B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� JSXBSYWSOOBUHIBFQW UHIHUHQFH�FRXQWHU�  
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*5)B&+,3B,' 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FKLSBLG ��
K���� 
 
*5)B*3,2�&�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

JSLR�F�BGV 
*3,2�&��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B*3,2�$�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�$��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B*3,2�%�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

JSLR�E�BGV 
*3,2�%��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B*3,2�$�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�$��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B*3,2�$�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�$��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B*3,2�$�B'6 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

JSLR�D�BGV 
*3,2�$��GRXEOH�ERQGLQJ�3$'�6WUHQJWK�FRQWURO�'6>����@ 
�
E��������'LVDEOH 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
�
E��������/HYHO�� 
$OO�RWKHU�VHWWLQJ�DUH�UHVHUYHG 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BLUTBERRWBQRQVHF 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BSHULBFKBQRQVHFB��B� 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BSHULBFKBQRQVHFB��B�� 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
GPD�BPDQDJHUBERRWBQRQVHF 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

����� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

����� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 5: �[� JUIBW\SHBXDUWB�BW[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 
 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBVSL�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��U[�VLJQDOV 

����� 5: �[� JUIBW\SHBVSL�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBVSL�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBVSL�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBXDUWB�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBSZP�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�3:0��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBSZP�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�3:0��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBSZP�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�3:0��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBSZP�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�3:0��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBVSL�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBVSL�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBVSL�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBVSL�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 
JUIBGPD�BUHTBPRGLI\BGLV 
GPD��SHUL�FKDQQHO�UHTXHVW�PRGH��ELW�����FRUUHVSRQG�WR�FK���� 
�
E����5HTXHVW�YDOLG�RQO\�ZKHQ�ODVW�DFN�LV�ILQLVK 
�
E����5HTXHVW�GLUHFWO\�IURP�SHUL�GHYLFH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 
JUIBGPD�BUHTBPRGLI\BGLV 
GPD��SHUL�FKDQQHO�UHTXHVW�PRGH��ELW�����FRUUHVSRQG�WR�FK����� 
�
E����5HTXHVW�YDOLG�RQO\�ZKHQ�ODVW�DFN�LV�ILQLVK 
�
E����5HTXHVW�GLUHFWO\�IURP�SHUL�GHYLFH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BLUTBERRWBQRQVHF 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BSHULBFKBQRQVHFB��B� 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[IIII 
GPD�BSHULBFKBQRQVHFB��B�� 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
GPD�BPDQDJHUBERRWBQRQVHF 
�
E����6HFXUH 
�
E����1RQ�VHUFXUH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBL�V�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��W[�VLJQDOV 

����� 5: �[� JUIBW\SHBL�V�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��U[�VLJQDOV 

����� 5: �[� JUIBW\SHBL�V�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��W[�VLJQDOV 

��� 5: �[� JUIBW\SHBL�V�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��U[�VLJQDOV 

��� 5: �[� JUIBW\SHBL�V�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��W[�VLJQDOV 

��� 5: �[� 
JUIBW\SHBL�V�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�6'00&B%8))(5�
VLJQDOV 

��� 5: �[� JUIBW\SHBVSGLI 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�3'0�VLJQDOV 

��� 5: �[� JUIBW\SHBL�V�BU[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�$83:1�VLJQDOV 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 
��� 5: �[� JUIBW\SHBFDQ�BU[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�&$1��U[�VLJQDOV 
 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

����� 5: �[� JUIBW\SHBFDQ�BW[ 
'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��U[�VLJQDOV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 5: �[� JUIBW\SHBFDQ�BU[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��W[�VLJQDOV 
����� 5: �[� JUIBW\SHBFDQ�BW[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��U[�VLJQDOV 
��� 5: �[� JUIBW\SHBFDQ�BU[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�63,��W[�VLJQDOV 
��� 5: �[� JUIBW\SHBFDQ�BW[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 
��� 5: �[� JUIBW\SHBVGPPFBEXIIHU 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 
��� 5: �[� JUIBW\SHBSGP 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��U[�VLJQDOV 
��� 5: �[� JUIBW\SHBDXGSZP 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 
 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 
��� 5: �[� JUIBW\SHBFDQ�BU[ 

'0$&�W\SH�RI�DFNQRZOHGJHPHQW�RU�UHTXHVW�IRU�8$57B��W[�VLJQDOV 
 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 
JUIBGPD�BUHTBPRGLI\BGLV 
GPD��SHUL�FKDQQHO�UHTXHVW�PRGH��ELW�����FRUUHVSRQG�WR�FK���� 
�
E����5HTXHVW�YDOLG�RQO\�ZKHQ�ODVW�DFN�LV�ILQLVK 
�
E����5HTXHVW�GLUHFWO\�IURP�SHUL�GHYLFH 

 
*5)B'0$&�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E����:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 
JUIBGPD�BUHTBPRGLI\BGLV 
GPD��SHUL�FKDQQHO�UHTXHVW�PRGH��ELW�����FRUUHVSRQG�WR�FK����� 
�
E����5HTXHVW�YDOLG�RQO\�ZKHQ�ODVW�DFN�LV�ILQLVK 
�
E����5HTXHVW�GLUHFWO\�IURP�SHUL�GHYLFH 
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3.8 PIPE_PHY Register Description  
3.8.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

3,3(B3+<B*5)B3,3(B&21
� �[���� : �[�������� 3&,HB86%��3+<�FRQILJXUDWLRQ�UHJLVWHU� 
3,3(B3+<B*5)B3,3(B&21
� �[���� : �[�������� 3&,HB86%��3+<�FRQILJXUDWLRQ�UHJLVWHU� 
3,3(B3+<B*5)B3,3(B&21
� �[���� : �[�������� 3&,HB86%��3+<�FRQILJXUDWLRQ�UHJLVWHU� 
3,3(B3+<B*5)B3,3(B&21
� �[���& : �[�������� 3&,HB86%��3+<�FRQILJXUDWLRQ�UHJLVWHU� 
3,3(B3+<B*5)B3,3(B67$
786� �[���� : �[�������� 3&,HB86%��3+<�VWDWXV�UHJLVWHU� 
3,3(B3+<B*5)B/)36B'(7
B&21 �[���� : �[��������  
3,3(B3+<B*5)B3+<B,17B
(1 �[��$� : �[��������  
3,3(B3+<B*5)B3+<B,17B
67$786 �[��$� : �[��������  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.8.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3,3(B3+<B*5)B3,3(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

SLSHBU[VWDQGE\ 
6$7$�0RGH� 
&RQWUROV�ZKHWKHU�WKH�3+<�5;�LV�DFWLYH�ZKHQ�WKH�3+<�LV�LQ�DQ\�
SRZHU�VWDWH�ZLWK�3&/.�RQ��5;B67$1'%<�LV�LJQRUHG�ZKHQ�WKH�3+<�
LV�LQ�DQ\�SRZHU�VWDWH�ZKHUH�WKH�KLJK�VSHHG�UHFHLYHU�LV�DOZD\V�RII� 
����$FWLYH 
����6WDQGE\ 
3&,(�0RGH� 
&RQWUROV�ZKHWKHU�WKH�3+<�5;�LV�DFWLYH�ZKHQ�WKH�3+<�LV�LQ�3��RU�
3�V��5;B67$1'%<�LV�LJQRUHG�ZKHQ�WKH�3+<�LV�LQ�3��RU�3� 
����$FWLYH 
����6WDQGE\ 
2QO\�XVHG�LQ�6$7$�DQG�3&,(�PRGH��86%����PRGH�VKRXOG�EH�WLHG�
WR��
E� 

�� 5: �[� 

SLSHBU[HOHFLGOHBGLVDEOH 
,QGLFDWHV�UHFHLYHU�GHWHFWLRQ�RI�DQ�HOHFWULFDO�LGOH� 
:KHQ�GHDVVHUWHG�ZLWK�WKH�3+<�LQ�3���3&,(�0RGH���LQGLFDWHV�D�
GHWHFWLRQ�RI�EHDFRQ��ZKLOH�LQGLFDWH�H[LW�IURP�HOHFWULFDO�LGOH�LQ�
RWKHU�SRZHU�VWDWHV�LQ�3&,(�PRGH 
,Q�86%����PRGH��LW�LQGLFDWHV�WKH�GHWHFWLRQ�RI�/)36� 
,Q�6$7$�PRGH��LW�LQGLFDWHV�LI�WKHUH�LV�QR�GDWD�22%�UHFHLYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

SLSHBU[WHUP 
&RQWURO�SUHVHQFH�RI�UHFHLYHU�WHUPLQDWLRQV� 
����7HUPLQDWLRQ�UHPRYHG 
����7HUPLQDWLRQ�SUHVHQW 
2QO\�XVHG�LQ�86%����PRGH���3&,(�DQG�86%�PRGH�VKRXOG�EH�WLHG�
WR��
E� 

�� 5: �[� 

SLSHBE\SDVVBFRGHF 
3&,(�0RGH��86%�0RGH��DQG�6$7$�0RGH� 
&RQWUROV�ZKHWKHU�WKH�3+<�SHUIRUPV��E���E�HQFRGH�DQG�GHFRGH� 
�����E���E�HQFRGH�GHFRGH�SHUIRUPHG�QRUPDOO\�E\�WKH�3+<� 
�����E���E�HQFRGH�GHFRGH�E\SDVVHG����ELW 
�E���E�HQFRGH�GHFRGH�E\SDVV�PRGH�ZRUNV�RQO\�ZKHQ�
%86B:,'7+ �
E�� 
,W�VKRXOG�EH�WLH�WR��
E��LQ�46*0,,�PRGH 
 

�� 5: �[� 

SLSHBHEXIIPRGH 
5;�(ODVWLFLW\�%XIIHU�RSHUDWLQJ�PRGH�VHOHFWLRQ 
�
E���1RPLQDO�KDOI�IXOO�EXIIHU�PRGH 
�
E���1RPLQDO�HPSW\�EXIIHU�PRGH 
,Q�6$7$�DQG�86%����PRGH��ZKHQ�5;�HODVWLF�EXIIHU�LV�RSHUDWLQJ�DW�
QRPLQDO�HPSW\�EXIIHU 
PRGH��5;B'$7$B9$/,'�LV�GH�DVVHUWHG�ZKHQ�HODVWLF�EXIIHU�LV�
HPSW\�DQG�QR�GDWD�LVDYDLODEOH� 
,Q�3&,(�PRGH��RQO\�QRPLQDO�KDOI�IXOO�(%8)�PRGH�LV�VXSSRUWHG 

� 5: �[� 

SLSHBO�VXEBHQWUHT 
3&,(�0RGH� 
/��VXE�VWDWH�HQWU\�UHTXHVW�VLJQDO�LQ�3&,(�PRGH� 
:KHQ�VHW�WR�KLJK��LW�LQVWUXFWV�3+<�WR�GR�SRZHU�WUDQVLWLRQ�WR�/��
VXE�VWDWH 
6$7$�0RGH� 
:KHQ�VHW�WR�KLJK��LW�ZLOO�EH�SRZHU�GRZQ�3//� 
7KLV�VLJQDO�FRXOG�FRQQHFWHG�WR�WKH�/��VXE�VWDWH�HQDEOH�UHTXHVW�
VLJQDO�IURP�FRQWUROOHU 
2QO\�XVHG�LQ�3&,(�DQG�6$7$�PRGH��86%�PRGH�VKRXOG�EH�WLHG�WR�
�
E� 

� 5: �[� 

SLSHBPDFBSFONUHTBQ 
3&,(�FRPPRQ�FORFN�UHTXHVW�VLJQDO�LQ�3&,(�PRGH� 
7KH�VLJQDO�VKDOO�EH�KLJK�DQG�&.5()B65&>���@�LV�VHW�WR��
E���
ZKHQ�&.5()3�1�DQG�3&,B���0B&/.�RXWSXW�IURP�3+<�LV�XVHG�IRU�
3&,(�V\VWHP�ZLWK�FRPPRQ�FORFN 
1RWH��'HWDLOV�UHIHU�WR�&.5()3�1�DQG�3&,B���0B&/.� 
2QO\�XVHG�LQ�3&,(�0RGH���86%�DQG�6$7$�0RGH�VKRXOG�EH�WLHG�WR�
�
E� 

��� 5: �[� SLSHBSRZHUGRZQ 
3RZHU�XS�RU�SRZHU�GRZQ�VWDWXV�FRQWURO�RI�7UDQVFHLYHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SLSHBUDWH 
SK\�ELW�UDWH� 
3&,H�0RGH 
�
E�������*ESV 
�
E�������*ESV 
�
E����5HVHUYHG 
�
E����5HVHUYHG 
 
86%����0RGH 
�
E�����*ESV 
�
E�����
E�����
E����5HVHUYHG 
 
6$7$�0RGH 
�
E�������*ESV 
�
E�������*ESV 
�
E�������*ESV 
 
46*0,,�6*0,,�0RGH 
�
E��������*ESV 
�
E����5HVHUYHG 
�
E�������*ESV 
�
E����5HVHUYHG 

��� 5: �[� 

SLSHBSK\PRGH 
SK\�PRGH� 
�
E����3&,H�PRGH 
�
E����86%��PRGH 
�
E����6$7$�PRGH 
�
E����46*0,,�6*0,,�PRGH 

��� 5: �[� 

SLSHBGDWDEXVZLGWK 
SK\�SLSH�GDWD�EXV�ZLGWK� 
�
E�������ELW��3&,H�DQG�86%��RQO\�VXSSRUW����ELW� 
�
E�������ELW��6$7$�RQO\�VXSSRUW����ELW 
�
E����5HVHUYHG 
�
E���5HVHUYHG 

 
3,3(B3+<B*5)B3,3(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 

SK\BFONBVHO 
3+<�UHIHUHQFH�FORFN�IUHTXHQF\�VHOHFWLRQ 
�
E������0 
�
E������0 
�
E�������0 
�
E����5HVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

SLSHBW[SDWWHUQBVDWD 
8VHG�LQ�6$7$�PRGH�RQO\ 
&RQWUROV�ZKLFK�SDWWHUQ�WKH�3+<�VHQGV�DW�WKH�*HQ���UDWH�ZKHQ�
VHQGLQJ�22%�RU 
LQLWLDOL]DWLRQ�VLJQDOLQJ��7KH�3+<�WUDQVPLWV�WKLV�SDWWHUQ�DW�WKH�*HQ�
��UDWH�UHJDUGOHVV�RI 
ZKDW�UDWH�WKH�3+<�LV�FRQILJXUHG�DW� 
�
E���&�$/,*1 
�
E���&�'���� 
�
E���&�'���� 
�
E���&�5HVHUYHG 

���� 5: �[� 

SLSHBW[PDUJLQ 
7UDQVPLW�PDUJLQ�FRQWURO 
�
E�����1RUPDO�RSHUDWLRQ�UDQJH 
�
E�������������P9�IRU�IXOO�VZLQJ�RU��������P9�IRU�KDOI�VZLQJ 
�
E������������P9�IRU�IXOO�VZLQJ�RU��������P9�IRU�KDOI�VZLQJ 
2KWHU��5HVHUYHG 

��� 5: �[� 

SLSHBW[GHHPSK 
'H�HPSKDVLV�FRQWURO 
�
E������G% 
�
E��������G% 
�
E����1R�GH�HPSKDVLV 
�
E����5HVHUYHG 

� 5: �[� 
SLSHBW[VZLQJ 
FRQWUROV�WUDQVPLWWHU�YROWDJH�VZLQJ�OHYHO��IRU�ODQH���  
�
E���)XOO�VZLQJ 
�
E���/RZ�VZLQJ 

� 5: �[� SLSHBW[FRPSOLDQFH 
SLSHBW[FRPSOLDQFHBL 

� 5: �[� 
SLSHBW[FRPPRQPRGHBGLVDEOH 
SLSHBW[FRPPRQPRGHBGLVDEOH 
1RWH��1HHG�VHW���ZKHQ�86%��PRGH 

� 5: �[� 
SLSHBO�BW[RQHV]HURV 
SLSHBO�BW[RQHV]HURV 
1RWH��1HHG�VHW���ZKHQ�3&,H�PRGH 

� 5: �[� SLSHBW[HOHFLGOH 
SLSHBW[HOHFLGOH 

� 5: �[� SLSHBW[GHFWU[BORRSEDFN 
SLSHBO�BW[GHFWU[BORRSEDFN 

 
3,3(B3+<B*5)B3,3(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
VHOBSLSHBW[FRPSOLDQFHBL 
SLSHBW[FRPSOLDQFHBLBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

�� 5: �[� 
VHOBSLSHBW[FRPPRQPRGHBGLVDEOH 
SLSHBW[FRPPRQPRGHBGLVDEOHBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VHOBSLSHBW[RQHV]HURV 
SLSHBO�BW[RQHV]HURV�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 
QRWH��3&,H�GRHV�QRW�XVH�WKLV�SLSH�VLJQDO��RXWSXW����VDPH�WR�ODQH� 

�� 5: �[� 
VHOBSLSHBW[HOHFLGOH 
SLSHBO�BW[HOHFLGOH�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

�� 5: �[� 
VHOBSLSHBW[GHFWU[BORRSEDFN 
SLSHBO�BW[GHFWU[BORRSEDFN�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

�� 5: �[� 
VHOBSLSHBU[VWDQGE\ 
VHOBSLSHBU[VWDQGE\BVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBU[HOHFLGOHBGLVDEOH 
SLSHBU[HOHFLGOHBGLVDEOHBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBU[WHUP 
SLSHBU[WHUPBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBE\SDVVBFRGHF 
SLSHBE\SDVVBFRGHFBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBHEXI 
SLSHBHEXIPRGHBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBO�VXEBHQWUHTBL 
SLSHBW[FRPSOLDQFHBVHOHFWLRQ� 
�
E���)URP�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBSRZHUGRZQ 
SLSHBO�BSRZHUGRZQ�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBPDFBSFONUHTBQ 
SLSHBPDFBSFONUHTBQ�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBUDWH 
SLSHBUDWH�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

� 5: �[� 
VHOBSLSHBSK\PRGH 
SLSHBSK\PRGH�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VHOBSLSHBGDWDEXVZLGWK 
SLSHBGDWDEXVZLGWK�VHOHFWLRQ� 
�
E���)URP�3&,H��86%��RU�6$7$�FRQWUROOHU 
�
E���)URP�JUI 

 
3,3(B3+<B*5)B3,3(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
TVJPBPRGH 
TVJPLL�PRGH�HQDEH 
�
E���RWKHU�PRGH 
�
E���TVJPLL�VJPLL�PRGH 

����� 5: �[� 

SLSHBVHO 
 
)RU�SLSHSK\� 
�
E����FRQQHFW�WR�86%��&RQWUROOHU� 
�
E����FRQQHFW�WR�6$7$�SRUW�� 
 
)RU�SLSHSK\� 
�
E����FRQQHFW�WR�86%��&RQWUROOHU�� 
�
E����FRQQHFW�WR�6$7$�SRUW�� 
�
E����FRQQHFW�WR�46*0,,�&RQWUROOHU 
 
)RU�SLSHSK\� 
�
E����FRQQHFW�WR�3&,H����&RQWUROOHU 
�
E����FRQQHFW�WR�6$7$�SRUW�� 
�
E����FRQQHFW�WR�46*0,,�&RQWUROOHU 

�� 52 �[� UHVHUYHG 

�� 5: �[� 
IURPBSFLHBLR 
SFLHBFONUHT�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���)URP�SFLH�,2�  

�� 5: �[� 
U[HOHFLGOHBVHO 
U[HOHFLGOHBR�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���IL[HG�E
E� 

��� 5: �[� 

SK\BFONBUHIBVUFBL 
3+<�5HIHUHQFH�FORFN�VRXUFH�VHOHFWLRQ 
�
E����8VH�3//B&.5()B,11(5�DV�UHIHUHQFH�FORFN�VRXUFH��
&.5()3�1�LV�QRW�DFWLYH��WKH�3$'�FDQ�EH�IORDWLQJ 
�
E����8VH�&.5()3�1�DV�LQSXW�UHIHUHQFH�FORFN�VRXUFH 
�
E����8VH�3//B&.5()B,11(5�DV�UHIHUHQFH�FORFN�VRXUFH��8VH�
&.5()3�1�DV�RXWSXW�FORFN�WR�SURYLGH�D�GLIIHUHQWLDO����0�
UHIHUHQFH�FORFN�LQ 
3&,(�PRGH�ZKLOH�&/.5(4 �� 
�
E����1RW�DOORZHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 
VHOBSLSHBW[SDWWHUQBVDWDBL 
3+<�FRQWURO�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���)URP�3,3(B&21��UHJLVWHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VHOBSLSHBW[PDUJLQBL 
3+<�FRQWURO�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���)URP�3,3(B&21��UHJLVWHU 

� 5: �[� 
VHOBSLSHBW[GHHPSKBL 
3+<�FRQWURO�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���)URP�3,3(B&21��UHJLVWHU 

� 5: �[� 
VHOBSLSHBW[VZLQJBL 
3+<�FRQWURO�VRXUFH�VHOHFWLRQ 
�
E���)URP�&RQWUROOHU 
�
E���)URP�3,3(B&21��UHJLVWHU 

 
3,3(B3+<B*5)B3,3(B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

� 5: �[� 
SLSHBFONUHTBQ 
,QGLFDWHV�WKDW�WKH�3+<�LV�LQ�FRUUHVSRQGLQJ�VWDWH�WR�/��VXE�VWDWH�LQ�
3&,(�PRGH��GXULQJ�ZKLFK�3+<�UHIHUHQFH�FORFN�FRXOG�EH�WXUQHG�RII� 

� 5: �[� 

SLSHBSRZHUBSUHVHWQ 
3,3(�3RZHU�3UHVHQW�7KLV�3,3(�RXWSXW�LQGLFDWHV�WKH�SUHVHQFH�RI�
9%86��,I�9�%86�LV�FRQQHFWHG�WR�WKH�3+<��WKLV�3,3(�LQWHUIDFH�VLJQDO�
LV�JHQHUDWHG�E\�DQ�LQWHUQDO�9%86�FRPSDUDWRU��7KLV�LV�DQ�
DV\QFKURQRXV�VLJQDO 

� 5: �[� 

SLSHBU[HOHFLGOHBR 
3,3(�5HFHLYHU�(OHFWULFDO�,GOH��,QGLFDWHV�UHFHLYHU�GHWHFWLRQ�RI�DQ�
HOHFWULFDO�LGOH��6LJQDO�GHVHUWLRQ�ZKLOH�WKH�3+<�LV�LQ�D�3���3���3���RU�
3��VWDWH�LQGLFDWHV�WKH�GHWHFWLRQ�RI�/RZ�)UHTXHQF\�3HULRGLF�
6LJQDOLQJ��/)36� 

� 5: �[� 

SLSHBSK\VWDWXVBR 
3,3(�3+<�6WDWXV��&RPPXQLFDWHV�FRPSOHWLRQ�RI�VHYHUDO�3+<�
IXQFWLRQV�LQFOXGLQJ�SRZHU�PDQDJHPHQW�VWDWH�WUDQVLWLRQV��UDWH�
FKDQJH�� �DQG�UHFHLYHU�GHWHFWLRQ��:KHQ�WKLV�VLJQDO�WUDQVLWLRQV�
GXULQJ�HQWU\�DQG�H[LW�IURP�3��VWDWHV�DQG�3&/.�LV�QRW�UXQQLQJ��WKH�
VLJQDOLQJ�LV�DV\QFKURQRXV��,Q�HUURU�VLWXDWLRQV��ZKHUH�WKH�3+<�IDLOV�
WR�DVVHUW�3K\6WDWXV���WKH�0$&�FDQ�WDNH�0$&�VSHFLILF�HUURU�
UHFRYHU\�DFWLRQV 

��� 5: �[� 

SLSHBU[VWDWXVBR 
3,3(�5HFHLYHU�6WDWXV��/DQH���(QFRGHV�UHFHLYHU�VWDWXV�DQG�HUURU�
FRGHV�IRU�WKH�UHFHLYHG�GDWD�VWUHDP�ZKHQ�UHFHLYLQJ�GDWD��  
�
E�����UHFHLYHG�GDWD�2.�  
�
E�����RQH�6.3�2UGHUHG�VHW�DGGHG�  
�
E�����RQH�6.3�2UGHUHG�VHW�UHPRYHG�  
�
E�����UHFHLYHU�GHWHFWLRQ�  
�
E������%���%�GHFRGH�HUURU�  
�
E�����HODVWLF�EXIIHU�RYHUIORZ�  
�
E�����HODVWLF�EXIIHU�XQGHUIORZ�  
�
E�����UHFHLYH�GLVSDULW\�HUURU��RYHUZULWWHQ�E\�GHFRGH�HUURU 

��� 52 �[� UHVHUYHG 
 
3,3(B3+<B*5)B/)36B'(7B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 5: �[�� OISVBGHWHFWBFRQ 

OISVBGHWHFWBFRQ 
 
3,3(B3+<B*5)B3+<B,17B(1 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
U[HOHFLGOHBO�BIDOOBLUTBHQ 
U[HOHFLGOHBO�BIDOO�LUT�HQDEOH 
�
E���LUT�GLVDEOH 
�
E���LUT�HQDEOH 

��� 5: �[� 
U[HOHFLGOHBO�BIDOOBLUTBHQ 
U[HOHFLGOHBO�BIDOO�LUT�HQDEOH 
�
E���LUT�GLVDEOH 
�
E���LUT�HQDEOH 

 
3,3(B3+<B*5)B3+<B,17B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� U[HOHFLGOHBO�BIDOOBLUTBVW 

U[HOHFLGOHBO�BIDOO�LUT�VWDWXV 
� 5: �[� U[HOHFLGOHBO�BIDOOBLUTBVW 

U[HOHFLGOHBO�BIDOO�LUT�VWDWXV 
 

3.9 USBPHY_U3_GRF_Register Description  

3.9.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

86%3+<B8�B*5)B&21� �[���� : �[�����&�� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���� : �[������'� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���� : �[�������� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���& : �[�������� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���� : �[�������� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B/6B&2
1 �[���� : �[�������� 86%�3+<�OLQHVWDWH�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B',6B&
21 �[���� : �[�������� 86%�3+<�GLVFRQQHFW�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B%9$/,'
B&21 �[���� : �[�������� 86%�3+<�EYDOLG�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B,'B&2
1 �[���& : �[�������� 86%�3+<�LG�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B,17B0$
6. �[���� : �[�������� 86%�3+<�LQWHUUXSW�PDVN�UHJLVWHU 
86%3+<B8�B*5)B,17B67
$786 �[���� : �[�������� 86%�3+<�LQWHUUXSW�VWDWXV�UHJLVWHU 
86%3+<B8�B*5)B,17B67
$786B&/5 �[���� : �[�������� 86%�3+<�LQWHUUXSW�VWDWXV�FOHDU�UHJLVWHU 
86%3+<B8�B*5)B67$786 �[��&� : �[�������� 86%�3+<�VWDWXV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.9.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
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86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
�� 5: �[� XVERWJBXWPLBGLVFKUJYEXV 

XVERWJBXWPLBGLVFKUJYEXV 
�� 5: �[� XVERWJBXWPLBFKUJYEXV 

XVERWJBXWPLBFKUJYEXV 
�� 5: �[� XVERWJBXWPLBLGSXOOXS 

XVERWJBXWPLBLGSXOOXS 
�� 5: �[� XVERWJBXWPLBLGGLJ 

*5)�86%�27*�3OXJ�LGGLJ�,QGLFDWRU 

� 5: �[� 
XVERWJBXWPLBLGGLJBVHO 
86%�27*�SOXJ�LQGLFDWRU�RXWSXW�VHOHFWLRQ 
�
E��6HOHFW�SK\LGGLJ�VWDWXV�WR�FRQWUROOHU 
�
E��6HOHFW�*5)�SOXJ�LGGLJ�LQGLFDWRU�WR�FRQWUROOHU 

� 5: �[� XVERWJBXWPLBGPSXOOGRZQ 
*5)�27*�'0�SXOOGRZQ�UHVLVWRU 

� 5: �[� XVERWJBXWPLBGSSXOOGRZQ 
*5)�27*�'3�SXOOGRZQ�UHVLVWRU 

� 5: �[� XVERWJBXWPLBWHUPVHOHFW 
*5)�27*�WHUPLQDWLRQ�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 

��� 5: �[� XVERWJBXWPLB[FYUVHOHFW 
*5)�27*�WUDQVFHLYHU�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 

��� 5: �[� XVERWJBXWPLBRSPRGH 
*5)�27*�RSHUDWLRQDO�PRGH�VHOHFWLRQ 

� 5: �[� 
XVERWJBXWPLBVXVSHQGBQ 
*5)�27*�VXVSHQG�PRGH 
�
E��6XVSHQG 
�
E��1RUPDO 

� 5: �[� 
XVERWJBXWPLBVHO 
�
E��6HOHFW�27*�FRQWUROOHU�XWPL�LQWHUIDFH�WR�SK\ 
�
E��6HOHFW�*5)�XWPL�LQWHUIDFH�WR�SK\ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 
� 5: �[� XVEKRVWBXWPLBGPSXOOGRZQ 

*5)�+267�'0�SXOOGRZQ�UHVLVWRU 
� 5: �[� XVEKRVWBXWPLBGSSXOOGRZQ 

*5)�+267�'3�SXOOGRZQ�UHVLVWRU 
� 5: �[� XVEKRVWBXWPLBWHUPVHOHFW 

*5)�+267�WHUPLQDWLRQ�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 
��� 5: �[� XVEKRVWBXWPLB[FYUVHOHFW 

*5)�+267�WUDQVFHLYHU�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 
��� 5: �[� XVEKRVWBXWPLBRSPRGH 

*5)�+267�RSHUDWLRQDO�PRGH�VHOHFWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
XVEKRVWBXWPLBVXVSHQGBQ 
*5)�+267�VXVSHQG�PRGH 
�
E��6XVSHQG 
�
E��1RUPDO 

� 5: �[� 
XVEKRVWBXWPLBVHO 
�
E��6HOHFW�+267�FRQWUROOHU�XWPL�LQWHUIDFH�WR�SK\ 
�
E��6HOHFW�*5)�XWPL�LQWHUIDFH�WR�SK\ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

EYDOLGBYEXVYDOLGBVHO 
�¶E���6HOHFW�EYDOLG�DQG�YEXVYDOLG�RI�XVESK\�DV�EYDOLG�DQG�
YEXVYDOLG�RI�XVE�FRQWUROOHU 
�¶E���6HOHFW�YDOXH�RI�EYDOLGBYEXVYDOLGBJUI��ELW����DV�EYDOLG�DQG�
YEXVYDOLG�RI�XVE�FRQWUROOHU 

�� 5: �[� EYDOLGBYEXVYDOLGBJUI 
EYDOLGBYEXVYDOLG�YDOXH�WR�XVE�FRQWUROOHU 

����� 52 �[� UHVHUYHG 

�� 5: �[� YGPBVUFBHQBXVERWJ 
RSHQ�GP�YROWDJH�VRXUFH 

�� 5: �[� YGSBVUFBHQBXVERWJ 
RSHQ�GS�YROWDJH�VRXUFH 

�� 5: �[� UGPBSGZQBHQBXVERWJ 
RSHQ�GP�SXOO�GRZQ�UHVLVWRU 

� 5: �[� LGSBVUFBHQBXVERWJ 
RSHQ�GP�VRXUFH�FXUUHQW 

� 5: �[� LGPBVLQNBHQBXVERWJ 
RSHQ�GP�VLQN�FXUUHQW 

� 5: �[� LGSBVLQNBHQBXVERWJ 
RSHQ�GS�VLQN�FXUUHQW 

��� 52 �[� UHVHUYHG 

� 5: �[� 

XVESK\BFRPPRQRQQ 
FRQILJXUH�3//�FORFN�RXWSXW�LQ�VXVSHQG�PRGH 
�
E�����0+]�FORFN�DOZD\V�RQ 
�
E�����0+]�FORFN�ZLOO�WXUQ�RII�ZKHQ�ERWK�SRUWV�VXVSHQG�
DVVHUWHG��,I�WKH�VXSVHQG�RI�DQ\�SRUW�GHDVVHUW��LW�ZLOO�ZDLW��PV�WR�
PDNH����0+]�FORFN�VWDEOH 

� 5: �[� E\SDVVVHOBXVERWJ 
E\SDVV�VHOHFW 

� 5: �[� E\SDVVGPHQBXVERWJ 
E\SDVV�GP�HQDEOH 

� 5: �[� XVERWJBGLVDEOHB� 
E\SDVV�27*�IXQFWLRQ 

� 5: �[� XVERWJBGLVDEOHB� 
E\SDVV�27*�IXQFWLRQ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
XVESK\BKRVWSRUWBZDNHXSBLUTBHQ 
�
E��'LVDEOH�ZDNHXS�LUT 
�
E��(QDEOH�ZDNHXS�LUT 

�� 52 �[� UHVHUYHG 
�� 5: �[� XVERWJBXWPLBFKUJYEXV 

86%�27*�*5)�FKDUJH�YEXV 
�� 52 �[� UHVHUYHG 
�� 5: �[� XVERWJBXWPLBGUYYEXV 

86%�27*�*5)�XWPLBGUYYEXV 

�� 5: �[� 
XVERWJBXWPLBGUYYEXVBVHO 
86%�27*�XWPLBGUYYEXVBVHO�ELW�FRQWURO 
�
E��6HOHFW�27*�FRQWUROOHU�GUYYEXV�WR�SK\ 
�
E��6HOHFW�27*�*5)�XWPLGUYYEXV�WR�SK\ 

� 5: �[� XVERWJBXWPLBIVBVH� 
86%�27*�XWPLBIVBVH��ELW�FRQWURO 

� 5: �[� XVERWJBXWPLBIVBGDWD 
86%�27*�XWPLBIVBGDWD�ELW�FRQWURO 

� 5: �[� XVERWJBXWPLBIVBRH 
86%�27*�XWPLBIVBRH�ELW�FRQWURO 

� 5: �[� XVERWJBXWPLBIVB[YHUBRZQ 
86%�27*�XWPLBIVB[YHUBRZQ�ELW�FRQWURO 

� 5: �[� XVEKRVWBXWPLBLGSXOOXS 
86%�+267�XWPLBLGSXOOXS�ELW�FRQWURO 

� 5: �[� XVEKRVWBXWPLBGPSXOOGRZQ 
(QDEOH�'0,186�3XOO�'RZQ�UHVLVWRU 

� 5: �[� XVEKRVWBXWPLBGSSXOOGRZQ 
(QDEOH�'3/86�3XOO�'RZQ�UHVLVWRU 

� 5: �[� XVEKRVWBXWPLBGLVFKUJYEXV 
86%�+267�XWPLBGLVFKUJYEXV�ELW�FRQWURO 

� 5: �[� XVEKRVWBXWPLBFKUJYEXV 
86%�+267�XWPLBFKUJYEXV�ELW�FRQWURO 

� 5: �[� XVEKRVWBXWPLBGUYYEXV 
86%�+267�XWPLBGUYYEXV�ELW�FRQWURO 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
� 5: �[� XVERWJBXWPLBVXVSHQGBQ 

XVERWJBXWPLBVXVSHQGBQ�*5)�YDOXH 

� 5: �[� 
XVERWJBXWPLBVXVSHQGBVHO� 
�
E��JUIBXVESK\BFRQ�>�@ 
�
E��8VERWJBXWPLBVXVSHQGBQ�	�XVERWJBXWPLBO�BVXVSHQGBQ 

� 5: �[� 

XVERWJBXWPLBVXVSHQGBVHO� 
�
E��aXVERWJBXWPLBVXVSHQGBFRPBQ	�
aXVERWJBXWPLBO�BVXVSHQGBFRPBQ 
�
E��JUIBXVESK\BFRQ�>�@"�XVERWJBXWPLBVXVSHQGBQ	�
VERWJBXWPLBO�BVXVSHQGBQ�� � � �JUIBXVESK\BFRQ�>�@� 

��� 52 �[� UHVHUYHG 
 
86%3+<B8�B*5)B/6B&21 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
OLQHVWDWHBILOWHUBFRQ 
KRVW�RWJ�SRUW�OLQHVWDWH�ILOWHU�WLPH�FRQWURO�UHJLVWHU��8QLW�3FON�XS�WR�
���0+]� 

 
86%3+<B8�B*5)B',6B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
GLVFRQQHFWBILOWHUBFRQ 
KRVW�RWJ�SRUW�KRVWGLVFRQQHFW�ILOWHU�WLPH�FRQWURO�UHJLVWHU��
8QLW�3FON�XS�WR����0+]� 

 
86%3+<B8�B*5)B%9$/,'B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
EYDOLGBILOWHUBFRQ 
RWJ�SRUW�EYDOLG�ILOWHU�WLPH�FRQWURO�UHJLVWHU��8QLW�3FON�XS�WR�
���0+]� 

 
86%3+<B8�B*5)B,'B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 
���� 5: �[������� LGBILOWHUBFRQ 

RWJ�,'�SRUW�ILOWHU�WLPH�FRQWURO�UHJLVWHU��8QLW�3FON�XS�WR����0+]� 
 
86%3+<B8�B*5)B,17B0$6. 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

��� 5: �[� 
KRVW�BGLVFRQQHFWBLUTBHQ 
KRVW�BGLVFRQQHFWBLUT�HGJH�VWDWXV�HQDEOH 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

��� 5: �[� 
RWJ�BGLVFRQQHFWBLUTBHQ 
RWJ�BGLVFRQQHFWBLUT�HGJH�VWDWXV�HQDEOH 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

��� 5: �[� 
RWJ�BLGBLUTBHQ 
RWJ�BLG�HGJH�VWDWXV�HQDEOH 
�
E[��,G�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[�,G�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

��� 5: �[� 
RWJ�BEYDOLGBLUTBHQ 
RWJ�BEYDOLG�HGJH�VWDWXV�LUT�HQDEOH 
�
E[��%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[�%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

� 5: �[� KRVW�BOLQHVWDWHBLUTBHQ 
KRVW�BOLQHVWDWH�FKDQJH�VWDWXV�LUT�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 5: �[� RWJ�BOLQHVWDWHBLUTBHQ 

RWJ�BOLQHVWDWH�FKDQJH�VWDWXV�LUT�HQDEOH 
 
86%3+<B8�B*5)B,17B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 
KRVW�BGLVFRQQHFWBLUT 
KRVW�BGLVFRQQHFW�HGJH�LUT�VWDWXV 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 52 �[� 
RWJ�BGLVFRQQHFWBLUT 
RWJ�BGLVFRQQHFW�HGJH�LUT�VWDWXV 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 5: �[� 
RWJ�BLGBLUT 
RWJ�BLG�HGJH�LUT�VWDWXV 
�
E[��,G�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[�,G�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 52 �[� 
RWJ�BEYDOLGBLUT 
RWJ�BEYDOLG�HGJH�LUT�VWDWXV 
�
E[��%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[�%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV 

� 52 �[� KRVW�BOLQHVWDWHBLUT 
KRVW�BOLQHVWDWH�FKDQJH�LUT�VWDWXV 

� 52 �[� RWJ�BOLQHVWDWHBLUT 
RWJ�BOLQHVWDWH�FKDQJH�LUT�VWDWXV 

 
86%3+<B8�B*5)B,17B67$786B&/5 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 
KRVW�BGLVFRQQHFWBLUTBFOU 
KRVW�BGLVFRQQHFWBLUTBFOULUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� :2 �[� 
RWJ�BGLVFRQQHFWBLUTBFOU 
RWJ�BGLVFRQQHFWBLUTBFOULUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� :2 �[� 
RWJ�BLGBLUTBFOU 
RWJ�BLG�HGJH�LUT�VWDWXV�FOHDU 
�
E���,G�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E���,G�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� :2 �[� 
RWJ�BEYDOLGBLUTBFOU 
RWJ�BEYDOLG�HGJH�LUT�VWDWXV�FOHDU 
�
E���%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E���%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

� :2 �[� KRVW�BOLQHVWDWHBLUTBFOU 
KRVW�BOLQHVWDWH�FKDQJH�LUT�VWDWXV�FOHDU��ZULWH���WR�FOHDU�LUT�VWDWXV 

� :2 �[� RWJ�BOLQHVWDWHBLUTBFOU 
RWJ�BOLQHVWDWH�FKDQJH�LUT�VWDWXV�FOHDU��ZULWH���WR�FOHDU�LUT�VWDWXV 

 
86%3+<B8�B*5)B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 52 �[� XVESK\BGSBGHWHFWHG 

XVESK\BGSBGHWHFWHG�ELW�VWDWXV 
�� 52 �[� XVESK\BFSBGHWHFWHG 

XVESK\BFSBGHWHFWHG�ELW�VWDWXV 
�� 5: �[� XVESK\BGFSBGHWHFWHG 

XVESK\BGFSBGHWHFWHG�ELW�VWDWXV 
�� 52 �[� XVEKRVWBSK\BOVBIVBUFY 

KRVWBSK\BOVBIVBUFY�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBDYDOLG 

KRVWBXWPLBDYDOLG�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBEYDOLG 

KRVWBXWPLBEYDOLG�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBKRVWGLVFRQQHFW 

KRVWBXWPLBKRVWGLVFRQQHFW�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBLGGLJBR 

KRVWBXWPLBLGGLJ�VWDWXV 
����� 52 �[� XVEKRVWBXWPLBOLQHVWDWH 

KRVWBXWPLBOLQHVWDWH�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBVHVVHQG 

KRVWBXWPLBVHVVHQG�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBYEXVYDOLG 

KRVWBXWPLBYEXVYDOLG�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBYPL 

KRVWBXWPLBYPL�VWDWXV 
�� 52 �[� XVEKRVWBXWPLBYSL 

KRVWBXWPLBYSL�VWDWXV 
�� 52 �[� XVERWJBSK\BOVBIVBUFY 

XWPLBSK\BOVBIVBUFYBRXW�VWDWXV 
�� 52 �[� XVERWJBXWPLBDYDOLG 

RWJBXWPLDYDOLG�ELW�VWDWXV 
� 52 �[� XVERWJBXWPLBEYDOLG 

RWJBXWPLEYDOLG�ELW�VWDWXV 
� 52 �[� XVERWJBXWPLBIVB[YHUBRZQ 

27*�XWPLBIVB[YHUBRZQ�VWDWXV 
� 52 �[� XVERWJBXWPLBKRVWGLVFRQQHFW 

RWJBXWPLBKRVWGLVFRQQHFW�VWDWXV 
� 52 �[� XVERWJBXWPLBLGGLJ 

XVERWJBXWPLBLGGLJ�VWDWXV 
��� 52 �[� XVERWJBXWPLBOLQHVWDWH 

RWJBXWPLBOLQHVWDWH�VWDWXV 
� 52 �[� XVERWJBXWPLBVHVVHQG 

RWJBXWPLBVHVVHQG�ELW�VWDWXV 
� 52 �[� XVERWJBXWPLBYEXVYDOLG 

RWJBXWPLBYEXVYDOLG�ELW�VWDWXV 
� 52 �[� XVERWJBXWPLBYPL 

RWJBXWPLBYPL�ELW�VWDWXV 
� 52 �[� XVERWJBXWPLBYSL 

RWJBXWPLBYSL�ELW�VWDWXV 
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3.10 USB2PHY_U2_GRF_Register Description  

3.10.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

86%3+<B8�B*5)B&21� �[���� : �[�����&�� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���� : �[������'� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���� : �[�������� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B&21� �[���& : �[�������� 86%�3+<�FRQWURO�UHJLVWHU� 
86%3+<B8�B*5)B/6B&2
1 �[���� : �[�������� 86%�3+<�OLQHVWDWH�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B',6B&
21 �[���� : �[�������� 86%�3+<�GLVFRQQHFW�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B%9$/,'
B&21 �[���� : �[�������� 86%�3+<�EYDOLG�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B,'B&2
1 �[���& : �[�������� 86%�3+<�LG�FRQWURO�UHJLVWHU 
86%3+<B8�B*5)B,17B0$
6. �[���� : �[�������� 86%�3+<�LQWHUUXSW�PDVN�UHJLVWHU 
86%3+<B8�B*5)B,17B67
$786 �[���� : �[�������� 86%�3+<�LQWHUUXSW�VWDWXV�UHJLVWHU 
86%3+<B8�B*5)B,17B67
$786B&/5 �[���� : �[�������� 86%�3+<�LQWHUUXSW�VWDWXV�FOHDU�UHJLVWHU 
86%3+<B8�B*5)B67$786 �[��&� : �[�������� 86%�3+<�VWDWXV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.10.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
�� 5: �[� XVE�KRVW�BXWPLBLGSXOOXS 

*5)�+267��,'�SXOOXS�UHVLVWRU 

�� 5: �[� XVE�KRVW�BXWPLBLGGLJ 
*5)�+267��3OXJ�,QGLFDWRU 

� 5: �[� 
XVE�KRVW�BXWPLBLGGLJBVHO 
�
E���86%�3OXJ�,QGLFDWRU�IURP�XVE�SK\ 
�
E���86%�3OXJ�,QGLFDWRU�IURP�JUI�ELW��� 

� 5: �[� XVE�KRVW�BXWPLBGPSXOOGRZQ 
*5)�+267��'0�SXOOGRZQ�UHVLVWRU 

� 5: �[� XVE�KR�BXWPLBGSSXOOGRZQ 
*5)�+267�VW��'3�SXOOGRZQ�UHVLVWRU 

� 5: �[� XVE�KRVW�BXWPLBWHUPVHOHFW 
*5)�+267��WHUPLQDWLRQ�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 

��� 5: �[� XVE�KRVW�BXWPLB[FYUVHOHFW 
*5)�+267��WUDQVFHLYHU�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 

��� 5: �[� XVE�KRVW�BXWPLBRSPRGH 
*5)�+267��RSHUDWLRQDO�PRGH�VHOHFWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
XVE�KRVW�BXWPLBVXVSHQGBQ 
*5)�+267��VXVSHQG�PRGH 
�
E��6XVSHQG 
�
E��1RUPDO 

� 5: �[� 
XVE�KRVW�BXWPLBVHO 
�
E��6HOHFW�+267��FRQWUROOHU�XWPL�LQWHUIDFH�WR�SK\ 
�
E��6HOHFW�*5)�XWPL�LQWHUIDFH�WR�SK\ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 
� 5: �[� XVE�KRVW�BXWPLBGPSXOOGRZQ 

*5)�+267��'0�SXOOGRZQ�UHVLVWRU 
� 5: �[� XVE�KRVW�BXWPLBGSSXOOGRZQ 

*5)�+267��'3�SXOOGRZQ�UHVLVWRU 
� 5: �[� XVE�KRVW�BXWPLBWHUPVHOHFW 

*5)�+267��WHUPLQDWLRQ�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 
��� 5: �[� XVE�KRVW�BXWPLB[FYUVHOHFW 

*5)�+267��WUDQVFHLYHU�VHOHFW�EHWZHHQ�)6�/6�+6�VSHHG 
��� 5: �[� XVE�KRVW�BXWPLBRSPRGH 

*5)�+267��RSHUDWLRQDO�PRGH�VHOHFWLRQ 

� 5: �[� 
XVE�KRVW�BXWPLBVXVSHQGBQ 
*5)�+267��VXVSHQG�PRGH 
�
E��6XVSHQG 
�
E��1RUPDO 

� 5: �[� 
XVE�KRVW�BXWPLBVHO 
�
E��6HOHFW�+267��FRQWUROOHU�XWPL�LQWHUIDFH�WR�SK\ 
�
E��6HOHFW�*5)�XWPL�LQWHUIDFH�WR�SK\ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
�� 5: �[� YGPBVUFBHQBXVE�KRVW� 

RSHQ�GP�YROWDJH�VRXUFH 
�� 5: �[� YGSBVUFBHQBXVE�KRVW� 

RSHQ�GS�YROWDJH�VRXUFH 
�� 5: �[� UGPBSGZQBHQBXVE�KRVW� 

RSHQ�GP�SXOO�GRZQ�UHVLVWRU 
� 5: �[� LGSBVUFBHQBXVE�KRVW� 

RSHQ�GP�VRXUFH�FXUUHQW 
� 5: �[� LGPBVLQNBHQBXVE�KRVW� 

RSHQ�GP�VLQN�FXUUHQW 
� 5: �[� LGSBVLQNBHQBXVE�KRVW� 

RSHQ�GS�VLQN�FXUUHQW 
��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

XVESK\BFRPPRQRQQ 
FRQILJXUH�3//�FORFN�RXWSXW�LQ�VXVSHQG�PRGH 
�
E�����0+]�FORFN�DOZD\V�RQ 
�
E�����0+]�FORFN�ZLOO�WXUQ�RII�ZKHQ�ERWK�SRUWV�VXVSHQG�
DVVHUWHG��,I�WKH�VXSVHQG�RI�DQ\�SRUW�GHDVVHUW��LW�ZLOO�ZDLW��PV�WR�
PDNH����0+]�FORFN�VWDEOH 

� 5: �[� E\SDVVVHOBXVE�KRVW� 
E\SDVV�VHOHFW 

� 5: �[� E\SDVVGPHQBXVE�KRVW� 
E\SDVV�GP�HQDEOH 

� 5: �[� XVE�KRVW�BGLVDEOHB� 
E\SDVV�+267��IXQFWLRQ 

� 5: �[� XVE�KRVW�BGLVDEOHB� 
E\SDVV�+267��IXQFWLRQ 

 
86%3+<B8�B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
XVESK\BKRVWSRUWBZDNHXSBLUTBHQ 
�
E��'LVDEOH�ZDNHXS�LUT 
�
E��(QDEOH�ZDNHXS�LUT 

�� 52 �[� UHVHUYHG 
�� 5: �[� XVE�KRVW�BXWPLBFKUJYEXV 

86%�+267��*5)�FKDUJH�YEXV 
�� 52 �[� UHVHUYHG 
�� 5: �[� XVE�KRVW�BXWPLBGUYYEXV 

86%�+267��*5)�XWPLBGUYYEXV 

�� 5: �[� 
XVE�KRVW�BXWPLBGUYYEXVBVHO 
86%�+267��XWPLBGUYYEXVBVHO�ELW�FRQWURO 
�
E��6HOHFW�+267��FRQWUROOHU�GUYYEXV�WR�SK\ 
�
E��6HOHFW�+267��*5)�XWPLGUYYEXV�WR�SK\ 

� 5: �[� XVE�KRVW�BXWPLBIVBVH� 
86%�+267��XWPLBIVBVH��ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBIVBGDWD 
86%�+267��XWPLBIVBGDWD�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBIVBRH 
86%�+267��XWPLBIVBRH�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBIVB[YHUBRZQ 
86%�+267��XWPLBIVB[YHUBRZQ�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBLGSXOOXS 
86%�+267��XWPLBLGSXOOXS�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBGPSXOOGRZQ 
(QDEOH�'0,186�3XOO�'RZQ�UHVLVWRU 

� 5: �[� XVE�KRVW�BXWPLBGSSXOOGRZQ 
(QDEOH�'3/86�3XOO�'RZQ�UHVLVWRU 

� 5: �[� XVE�KRVW�BXWPLBGLVFKUJYEXV 
86%�+267��XWPLBGLVFKUJYEXV�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBFKUJYEXV 
86%�+267��XWPLBFKUJYEXV�ELW�FRQWURO 

� 5: �[� XVE�KRVW�BXWPLBGUYYEXV 
86%�+267��XWPLBGUYYEXV�ELW�FRQWURO 
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86%3+<B8�B*5)B/6B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
OLQHVWDWHBILOWHUBFRQ 
+267��+267��SRUW�OLQHVWDWH�ILOWHU�WLPH�FRQWURO�UHJLVWHU��
8QLW�3FON�XS�WR����0+]� 

 
86%3+<B8�B*5)B',6B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
GLVFRQQHFWBILOWHUBFRQ 
+267��+267��SRUW�+267�GLVFRQQHFW�ILOWHU�WLPH�FRQWURO�UHJLVWHU��
8QLW�3FON�XS�WR����0+]� 

 
86%3+<B8�B*5)B%9$/,'B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����� 
EYDOLGBILOWHUBFRQ 
+267��SRUW�EYDOLG�ILOWHU�WLPH�FRQWURO�UHJLVWHU��8QLW�3FON�XS�WR�
���0+]� 

 
86%3+<B8�B*5)B,'B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[������� 
LGBILOWHUBFRQ 
+267��,'�SRUW�ILOWHU�WLPH�FRQWURO�UHJLVWHU��8QLW�3FON�XS�WR�
���0+]� 

 
86%3+<B8�B*5)B,17B0$6. 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUTBHQ 
XVE�+267��BGLVFRQQHFWBLUT�HGJH�VWDWXV�HQDEOH 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUTBHQ 
XVE�+267��BGLVFRQQHFWBLUT�HGJH�VWDWXV�HQDEOH 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

��� 5: �[� 
XVE�KRVW�BLGBLUTBHQ 
XVE�+267��BLG�HGJH�VWDWXV�HQDEOH 
�
E[��,G�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[�,G�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
XVE�KRVW�BEYDOLGBLUTBHQ 
XVE�+267��BEYDOLG�HGJH�VWDWXV�LUT�HQDEOH 
�
E[��%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV�HQDEOH 
�
E�[�%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV�HQDEOH 

� 5: �[� XVE�KRVW�BOLQHVWDWHBLUTBHQ 
XVE�+267��BOLQHVWDWH�FKDQJH�VWDWXV�LUT�HQDEOH 

� 5: �[� XVE�KRVW�BOLQHVWDWHBLUTBHQ 
XVE�+267��BOLQHVWDWH�FKDQJH�VWDWXV�LUT�HQDEOH 

 
86%3+<B8�B*5)B,17B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUT 
XVE�+267��BGLVFRQQHFW�HGJH�LUT�VWDWXV 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUT 
XVE�+267��BGLVFRQQHFW�HGJH�LUT�VWDWXV 
�
E[���'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[��'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 5: �[� 
XVE�KRVW�BLGBLUT 
XVE�+267��BLG�HGJH�LUT�VWDWXV 
�
E[��,G�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[�,G�IDOOLQJ�HGJH�LUT�VWDWXV 

��� 5: �[� 
XVE�KRVW�BEYDOLGBLUT 
XVE�+267��BEYDOLG�HGJH�LUT�VWDWXV 
�
E[��%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV 
�
E�[�%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV 

� 5: �[� XVE�KRVW�BOLQHVWDWHBLUT 
XVE�+267��BOLQHVWDWH�FKDQJH�LUT�VWDWXV 

� 5: �[� XVE�KRVW�BOLQHVWDWHBLUT 
XVE�+267��BOLQHVWDWH�FKDQJH�LUT�VWDWXV 

 
86%3+<B8�B*5)B,17B67$786B&/5 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUTBFOU 
XVE�+267��BGLVFRQQHFWBLUTBFOU�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� 5: �[� 
XVE�KRVW�BGLVFRQQHFWBLUTBFOU 
XVE�+267��BGLVFRQQHFWBLUTBFOU�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E����'LVFRQQHFW�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� 5: �[� 
XVE�KRVW�BLGBLUTBFOU 
XVE�+267��BLG�HGJH�LUT�VWDWXV�FOHDU 
�
E���,G�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E���,G�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 

��� 5: �[� 
XVE�KRVW�BEYDOLGBLUTBFOU 
XVE�+267��BEYDOLG�HGJH�LUT�VWDWXV�FOHDU 
�
E���%YDOLG�ULVLQJ�HGJH�LUT�VWDWXV�FOHDU 
�
E���%YDOLG�IDOOLQJ�HGJH�LUT�VWDWXV�FOHDU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
XVE�KRVW�BOLQHVWDWHBLUTBFOU 
XVE�+267��BOLQHVWDWH�FKDQJH�LUT�VWDWXV�FOHDU��ZULWH���WR�FOHDU�LUT�
VWDWXV 

� 5: �[� 
XVE�KRVW�BOLQHVWDWHBLUTBFOU 
XVE�+267��BOLQHVWDWH�FKDQJH�LUT�VWDWXV�FOHDU��ZULWH���WR�FOHDU�LUT�
VWDWXV 

 
86%3+<B8�B*5)B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 5: �[� XVESK\BGSBGHWHFWHG 

XVESK\BGSBGHWHFWHG�ELW�VWDWXV 
�� 5: �[� XVESK\BFSBGHWHFWHG 

XVESK\BFSBGHWHFWHG�ELW�VWDWXV 
�� 5: �[� XVESK\BGFSBGHWHFWHG 

XVESK\BGFSBGHWHFWHG�ELW�VWDWXV 
�� 5: �[� XVE�KRVW�BSK\BOVBIVBUFY 

+267�BSK\BOVBIVBUFY�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBDYDOLG 

+267�BXWPLBDYDOLG�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBEYDOLG 

+267�BXWPLBEYDOLG�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBKRVWGLVFRQQHFW 

+267�BXWPLB+267�GLVFRQQHFW�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBLGGLJBR 

+267�BXWPLBLGGLJ�VWDWXV 
����� 5: �[� XVE�KRVW�BXWPLBOLQHVWDWH 

+267�BXWPLBOLQHVWDWH�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBVHVVHQG 

+267�BXWPLBVHVVHQG�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBYEXVYDOLG 

+267�BXWPLBYEXVYDOLG�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBYPL 

+267�BXWPLBYPL�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBYSL 

+267�BXWPLBYSL�VWDWXV 
�� 5: �[� XVE�KRVW�BSK\BOVBIVBUFY 

XWPLBSK\BOVBIVBUFYBRXW�VWDWXV 
�� 5: �[� XVE�KRVW�BXWPLBDYDOLG 

+267�BXWPL�DYDOLG�ELW�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBEYDOLG 

+267�BXWPL�EYDOLG�ELW�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBIVB[YHUBRZQ 

+267��XWPLBIVB[YHUBRZQ�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBKRVWGLVFRQQHFW 

+267�BXWPLB+267�GLVFRQQHFW�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBLGGLJ 

XVE�+267��BXWPLBLGGLJ�VWDWXV 
��� 5: �[� XVE�KRVW�BXWPLBOLQHVWDWH 

+267�BXWPLBOLQHVWDWH�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBVHVVHQG 

+267�BXWPLBVHVVHQG�ELW�VWDWXV 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  432 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 5: �[� XVE�KRVW�BXWPLBYEXVYDOLG 

+267�BXWPLBYEXVYDOLG�ELW�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBYPL 

+267�BXWPLBYPL�ELW�VWDWXV 
� 5: �[� XVE�KRVW�BXWPLBYSL 

+267�BXWPLBYSL�ELW�VWDWXV 
 
 

3.11 EDP_PHY Register Description  
3.11.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���& : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[����$��' ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���& : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU� 
('3B3+<B*5)B&21�� �[���� : �[�������� ('3�3+<�FRQWURO�UHJLVWHU�� 
('3B3+<B*5)B&21�� �[���& : �[�������� ('3�3+<�FRQWURO�UHJLVWHU�� 
('3B3+<B*5)B67$786� �[���� : �[�������� ('3�3+<�VWDWXV�UHJLVWHU� 
('3B3+<B*5)B67$786� �[���� : �[�������� ('3�3+<�VWDWXV�UHJLVWHU� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.11.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� HGSBYLGHRBELVWBHQ 
HGSBYLGHRBELVWBHQ 

�� 5: �[� HGSBPHPBFWUOBVHO 
HGSBPHPBFWUOBVHO 

�� 5: �[� HGSBVWPRGH 
HGSBVWPRGH 

�� 5: �[� HGSBKGFSBSURWHFW 
KGFS�SURWHFW�HQDEOH 

���� 5: �[� 

HGSBSK\BW[BLGOH 
)RUFH�WKH�KLJK�VSHHG�GLIIHUHQWLDO�VLJQDO�WR�FRPPRQ�PRGH��IRU�
LQLWLDOL]DWLRQ�RI�WKH�VHUGHV�RU�VSHFLDO�VLJQDOLQJ 
�
E���IRUFH�7;31��7;01�WR�FRPPRQ�PRGH 
�
E���QRUPDO�RSHUDWLRQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
HGSBSK\BW[BSG 
3RZHU�GRZQ�FRQWURO�VLJQDO�RI�FKDQQHO�1��1� ��a�� 
�
E���SRZHU�GRZQ�FKDQQHO 
�
E���QRUPDO�RSHUDWLRQ 

��� 52 �[� UHVHUYHG 

� 5: �[� 
HGSBSK\BLGGTBHQ 
,''4�WHVW�HQDEOH 
�
E���QRUPDO�RSHUDWLRQ 
�
E���GR�,''4�7(67 

� 5: �[� 
HGSBSK\BSGBSOO 
6KDUHG�3//�EORFN�SRZHU�GRZQ 
�
E���QRUPDO�RSHUDWLRQ 
�
E���SRZHU�GRZQ�VKDUHG�3//��DOO�WKH�FKDQQHOV�DUH�QRW�ZRUNLQJ 

 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

���� 5: �[���� 
HGSBSK\BSOOBGLY 
7KH�LQLWLDO�GLYLGHU�FRQWURO�IRU�3//� 
�
E��������������������GHIDXOW� 

 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
���� 5: �[� HGSBSK\BW[BUWHUP 

7;�WHUPLQDWLRQ�UHVLVWDQFH�DGMXVWPHQW 
��� 52 �[� UHVHUYHG 
��� 5: �[� HGSBSK\BUDWH 

5DWH�FRQWURO�IRU�7; 
��� 5: �[� HGSBSK\BUHIBGLY 

5HIHUHQFH�FORFN�GLYLGHU�FRQWURO� 
 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 5: �[� HGSBSK\BW[�BHPS 
7KH�DGMXVWPHQW�IRU�WKH�HPSKDVLV�OHYHO�RI�WKH�GULYHU 

���� 5: �[� HGSBSK\BW[�BHPS 
7KH�DGMXVWPHQW�IRU�WKH�HPSKDVLV�OHYHO�RI�WKH�GULYHU 

��� 5: �[� HGSBSK\BW[�BHPS 
7KH�DGMXVWPHQW�IRU�WKH�HPSKDVLV�OHYHO�RI�WKH�GULYHU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 5: �[� HGSBSK\BW[�BHPS 

7KH�DGMXVWPHQW�IRU�WKH�HPSKDVLV�OHYHO�RI�WKH�GULYHU 
 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
HGSBSK\BW[�BDPS 
7KH�DGMXVWPHQW�IRU�WKH�DPSOLWXGH�OHYHO��VLJQDO�HQG�DPSOLWXGH��RI�
WKH�GULYHU 

�� 52 �[� UHVHUYHG 

���� 5: �[� 
HGSBSK\BW[�BDPS 
7KH�DGMXVWPHQW�IRU�WKH�DPSOLWXGH�OHYHO��VLJQDO�HQG�DPSOLWXGH��RI�
WKH�GULYHU 

� 52 �[� UHVHUYHG 

��� 5: �[� 
HGSBSK\BW[�BDPS 
7KH�DGMXVWPHQW�IRU�WKH�DPSOLWXGH�OHYHO��VLJQDO�HQG�DPSOLWXGH��RI�
WKH�GULYHU 

� 52 �[� UHVHUYHG 

��� 5: �[� 
HGSBSK\BW[�BDPS 
7KH�DGMXVWPHQW�IRU�WKH�DPSOLWXGH�OHYHO��VLJQDO�HQG�DPSOLWXGH��RI�
WKH�GULYHU 

 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

��� 5: �[� 

HGSBSK\BW[BPRGH 
&RQWURO�WKH�7;�GULYHU�PRGH� 
�
E����PRGH���WKH�WHUPLQDWLRQ�UHVLVWRU�FRQQHFWV�WR�$9'+� 
�
E����PRGH���WKH�WHUPLQDWLRQ�UHVLVWRU�FRQQHFWV�WR�$9'/� 
�
E����PRGH���FRPPRQ�PRGH�YROWDJH�VHWV�WR�PHHW�/9'6� 
�
E����PRGH���RSHQ�GUDLQ�PRGH� 

��� 5: �[� 

HGSBSK\BW[�BDPSBVFDOH 
7KH�DPSOLWXGH�VFDOH�IDFWRU�FRQWURO 
�
E����VFDOH�GRZQ�WKH�RXWSXW�DPSOLWXGH�WR����� 
�
E�������NHHS�WKH�RXWSXW�DPSOLWXGH 
�
E����VFDOH�XS�WKH�RXWSXW�DPSOLWXGH�WR����� 

��� 5: �[� 

HGSBSK\BW[�BDPSBVFDOH 
7KH�DPSOLWXGH�VFDOH�IDFWRU�FRQWURO 
�
E����VFDOH�GRZQ�WKH�RXWSXW�DPSOLWXGH�WR����� 
�
E�������NHHS�WKH�RXWSXW�DPSOLWXGH 
�
E����VFDOH�XS�WKH�RXWSXW�DPSOLWXGH�WR����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

HGSBSK\BW[�BDPSBVFDOH 
7KH�DPSOLWXGH�VFDOH�IDFWRU�FRQWURO 
�
E����VFDOH�GRZQ�WKH�RXWSXW�DPSOLWXGH�WR����� 
�
E�������NHHS�WKH�RXWSXW�DPSOLWXGH 
�
E����VFDOH�XS�WKH�RXWSXW�DPSOLWXGH�WR����� 

��� 5: �[� 

HGSBSK\BW[�BDPSBVFDOH 
7KH�DPSOLWXGH�VFDOH�IDFWRU�FRQWURO 
�
E����VFDOH�GRZQ�WKH�RXWSXW�DPSOLWXGH�WR����� 
�
E�������NHHS�WKH�RXWSXW�DPSOLWXGH 
�
E����VFDOH�XS�WKH�RXWSXW�DPSOLWXGH�WR����� 

 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 5: �[D HGSBSK\BVVFBGHSWK 
66&�GHSWK�FRQWURO�VLJQDO 

�� 5: �[� 
HGSBSK\BVVFBHQ 
66&�IXQFWLRQ�HQDEOH�VLJQDO 
�
E���66&�IXQFWLRQ�LV�GLVDEOH 
�
E���66&�IXQFWLRQ�LV�HQDEOH 

�� 52 �[� UHVHUYHG 
��� 5: �[��G HGSBSK\BVVFBFQW 

66&�IUHTXHQF\�FRQWURO 
 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 
 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

HGSBSK\BSOOBFWOBK 
SOOBFWO>�����@�5HJLVWHU�6LJQDO�IRU�3// 
SOOBFWO>�����@���
E���FHQWHU�VSUHDG�VVF�FRQWURO 
SOOBFWO>�����@���
E���GRZQ�VSUHDG�VVF�FRQWURO 
SOOBFWO>�����@���
E�[�XS�VSUHDG�VVF�FRQWURO 
SOOBFWO>��@��WKH�IUHTXHQF\�FRQWURO�VLJQDO�IRU�FONBSK\ 
�
E��������RI�WKH�GDWD�UDWH 
�
E��������RI�WKH�GDWD�UDWH 

 
('3B3+<B*5)B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

HGSBSK\BW[BFWO 
5HVHUYHG�5HJLVWHU�6LJQDO�IRU�7;� 
W[BFWO>���@��ZKHQ�GULYHU�LV�VHW�WR�/9'6�PRGH��W[BFWO>���@�LV�XVHG�
IRU�FRPPRQ�PRGH�YROWDJH�FRQWURO� 
W[BFWO>�@�UHVHUYHG 
W[BFWO>���@���
E����W[1BGDWD>����@�LV�FORFN�LQ�E\�ULVLQJ�HGJH�RI�
W[1BUSFN 
W[BFWO>���@���
E����W[1BGDWD>����@�LV�FORFN�LQ�E\�ULVLQJ�HGJH�RI�
FONBSK\ 
W[BFWO>���@��
E����IRUELGGHQ� 
W[BFWO>���@��
E����W[1BGDWD>����@�LV�FORFN�LQ�E\�ULVLQJ�HGJH�
RIW[1BSFN� 
W[BFWO>�@��ELW�HUURU�FRQWURO�VLQJDO�����SUEV��SDWWHUQ�����SUEV��
SDWWHUQ�ZLWK�ELW�HUURU� 
W[BFWO>�@�UHVHUYHG 
W[BFWO>���@���
E����������7;31�DQG�7;01�ZLOO�EH�SXOO�WR����ZKHQ�
W[BSG>1@ �� 
W[BFWO>���@���
E����7;31�DQG�7;01�ZLOO�EH�VWD\�LQ�+]�VWDWXV��
ZKHQ�W[BSG>1@ � 
W[BFWO>��@��ZKHQ�W[BFWO>���@�LV�VHW�WR��
E�� 
�
E���XVH�SRVLWLYH�WHUPLQDO�RI�KLJK�VSHHG�FORFN�WR�VDPSOH�ORZ�
VSHHG�FORFN 
�
E���ZKLFK�WHUPLQDO�RI�KLJK�VSHHG�WR�XVH�GHFLGH�E\�WKH�SKDVH�
UHODWLRQ�EHWZHHQ�KLJK�VSHHG�FORFN�DQG�ORZ�VSHHG�FORFN� 
7[BFWO>��@��ZKHQ�W[BFWO>���@�LV�VHW�WR��
E�� 
�
E���WKH�LQWHUQDO�VDPSOHU�FORFN�RI�SDUDOOHO�GDWD�RULJLQDWHV�IURP�
SOO� 
�
E���WKH�LQWHUQDO�VDPSOHU�FORFN�RI�SDUDOOHO�GDWD�RULJLQDWHV�IURP�
W[1BUSFN� 
W[BFWO>��@��EXV�ZLGWK 
�
E�����ELW�PRGH��W[1BGDWD>���@�LV�XVHG 
�
E�����ELW�PRGH��W[1BGDWD>����@�LV�XVHG 
W[BFWO>�����@�UHVHUYHG 
 

 
('3B3+<B*5)B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
HGSBSK\BDX[BUFYBSGBVHO 
$8;�FKDQQHO�UHFHLYHU�VHOHFW 
�
E���HGSBDX[>�@ 
�
E���HGSBSK\BDX[BUFYBSG 

� 5: �[� 
HGSBSK\BDX[BGUYBSGBVHO 
$8;�FKDQQHO�GULYHU�VHOHFW 
�
E���aHGSBDX[>�@ 
�
E���HGSBSK\BDX[BGUYBSG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

� 5: �[� 
HGSBSK\BDX[BLGOH 
)RUFH�WKH�$8;�FKDQQHO�GLIIHUHQWLDO�VLJQDO�WR�FRPPRQ�PRGH 
�
E���IRUFH�$8;3��$8;1�WR�FRPPRQ�PRGH 
�
E���QRUPDO�RSHUDWLRQ 

� 5: �[� 
HGSBSK\BDX[BUFYBSG 
$8;�FKDQQHO�UHFHLYHU�HQDEOH�FRQWURO 
�
E���HQDEOH 
�
E���GLVDEOH 

� 5: �[� 
HGSBSK\BDX[BGUYBSG 
$8;�FKDQQHO�GULYHU�HQDEOH�FRQWURO 
�
E���HQDEOH 
�
E���GLVDEOH 

 
('3B3+<B*5)B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[� 
HGSBSK\BDX[BUFYBYFP 
FRPPRQ�PRGH�YROWDJH�FRQWURO��ZKHQ�$8;�FKDQQHO�RSHUDWHV�DV�
UHFHLYHU 

����� 5: �[� 

HGSBSK\BDX[BPRGH 
&RQWURO�WKH�7;�GULYHU�PRGH� 
�
E����PRGH���WKH�WHUPLQDWLRQ�UHVLVWRU�FRQQHFWV�WR�$9'+� 
�
E����PRGH���WKH�WHUPLQDWLRQ�UHVLVWRU�FRQQHFWV�WR�
$9'/��GHIDXOW� 
�
E����PRGH���FRPPRQ�PRGH�YROWDJH�VHWV�WR�PHHW�/9'6� 
�
E����PRGH���RSHQ�GUDLQ�PRGH� 

��� 5: �[� HGSBSK\BDX[BDPSBVFDOH 
� 52 �[� UHVHUYHG 

��� 5: �[� 

HGSBSK\BDX[BDPS 
7KH�DGMXVWPHQW�IRU�WKH�DPSOLWXGH�OHYHO��VLJQDO�HQG�DPSOLWXGH��RI�
WKH�GULYHU 
�
E�������P9 
�
E�������P9 
�
E�������P9 
�
E�������P9 
2WKHU��UHVHUYHG 

� 52 �[� UHVHUYHG 

��� 5: �[� 
HGSBSK\BDX[BUWHUP 
7;�WHUPLQDWLRQ�UHVLVWDQFH�DGMXVWPHQW 
VHWS�����RKP 

 
('3B3+<B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

HGSBSK\BSOOBFWOBR 
5HVHUYHG�5HJLVWHU�6LJQDO��RXWSXW��IRU�3// 
ELW���SOOBUG\ 
ELW���SRU�RXWSXW�WHVW�VLJQDO 
ELW���UHIHUHQFH�FORFN�WHVW�VLJQDO 
ELW���SGBSOO 

 
('3B3+<B*5)B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[�� 
HGSBSK\BW[�BFWOBR 
5HVHUYHG�5HJLVWHU�6LJQDO��RXWSXW��IRU�7; 
ELW>�@��SGBW[� 
ELW>���@��������� 

����� 52 �[�� 
HGSBSK\BW[�BFWOBR 
5HVHUYHG�5HJLVWHU�6LJQDO��RXWSXW��IRU�7; 
ELW>�@��SGBW[� 
ELW>���@��������� 

���� 52 �[�� 
HGSBSK\BW[�BFWOBR 
5HVHUYHG�5HJLVWHU�6LJQDO��RXWSXW��IRU�7; 
ELW>�@��SGBW[� 
ELW>���@��������� 

��� 52 �[�� 
HGSBSK\BW[�BFWOBR 
5HVHUYHG�5HJLVWHU�6LJQDO��RXWSXW��IRU�7; 
ELW>�@��SGBW[� 
ELW>���@��������� 

 

3.12 PCIEPHY_GRF Register Description 
3.12.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B3&,(��3+<B&21� �[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B&21� �[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B&21� �[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B&21� �[���& : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B&21� �[���� : �[����(��� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B&21� �[���� : �[�����$�� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B&21� �[���� : �[�����$�� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B&21� �[���& : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B&21� �[���� : �[�������$ 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B&21� �[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B67$786
� 

�[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B67$786
� 

�[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B67$786
� 

�[���� : �[�������� 3&,(���3+<�FRQWURO�UHJLVWHU 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B3&,(��3+<B357�B&
21� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���� : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
*5)B3&,(��3+<B357�B&
21�� 

�[���& : �[�������� 3&,(���3+<�357��FRQWURO�UHJLVWHU�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.12.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� XSVBSLSHBFRQILJ 
XSFVBSLSHBFRQILJ�ELW�FRQWURO 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� 

SK\�BW[GQBWHUPBRIIVHW 
2IIVHW�IRU�7;�'RZQ�7HUPLQDWLRQ 
6SHFLILHV�DQ�DGGLWLRQDO�IL[HG�RIIVHW�WR�FDOLEUDWHG�7;�GRZQ�
WHUPLQDWLRQ�YDOXH� 
7KLV�LV�D�VLJQHG�LQSXW�ZLWK��
V�FRPSOHPHQW�HQFRGLQJ� 
9ROWDJH�5DQJH����YSGLJ 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
� 5: �[� SFLH��SK\BWHVWBEXUQ 

3+<� � WHVWBEXUQ�ELW�FRQWURO 

��� 5: �[��� 

SK\�BW[XSBWHUPBRIIVHW 
2IIVHW�IRU�7;�8S�7HUPLQDWLRQ 
6SHFLILHV�DQ�DGGLWLRQDO�IL[HG�RIIVHW�WR�FDOLEUDWHG�7;�XS�WHUPLQDWLRQ�
YDOXH� 
7KLV�LV�D�VLJQHG�LQSXW�ZLWK��
V�FRPSOHPHQW�HQFRGLQJ� 
9ROWDJH�5DQJH����YSGLJ 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

SK\�BUHIBXVHBSDG 
6HOHFW�UHIHUHQFH�FORFN�FRQQHFWHG�WR�UHIBSDGBFONBS�UHIBSDGBFONBP 
6HOHFWV�WKH�H[WHUQDO�UHIBSDGBFONBS�DQG�UHIBSDGBFONBP�LQSXWV�DV�
WKH�UHIHUHQFH�FORFN�VRXUFH�ZKHQ�DVVHUWHG��:KHQ�GH�DVVHUWHG� 
UHIBDOWBFONBS�DQG�UHIBDOWBFONBP�DUH�WKH�VRXUFHV�RI�WKH�UHIHUHQFH�
FORFN��$Q\�FKDQJH�LQ�WKLV�LQSXW�PXVW�EH�IROORZHG�E\�SK\BUHVHW 
DVVHUWLRQ� 

�� 5: �[� 
SK\�BUHIBUHSHDWBFONBHQ 
5HSHDW�UHIHUHQFH�FORFN�HQDEOH 
(QDEOHV�WKH�&0/�RXWSXW�FORFNV�UHIBUHSHDWBFONB>S�P@��7KLV�SDLU�RI�
FORFNV�FDQ�EH�XVHG�DV�UHIHUHQFH�FORFNV�IRU�RWKHU�RQ�FKLS�3+<V� 

�� 5: �[� 
SK\�BUHIBFONGHWBHQ 
(QDEOH�5HIHUHQFH�&ORFN�'HWHFWLRQ 
(QDEOHV�GHWHFWLRQ�RI�WKH�UHIHUHQFH�FORFN�RQ�WKH�SDGV�LQSXW 

�� 5: �[� 

SK\�BSPDBSZUBVWDEOH 
3RZHU�VWDEOH�IRU�30$ 
6WDWXV�VLJQDO�LQGLFDWLQJ�WKDW�WKH�SRZHU�IRU�WKH�30$�LV�VWDEOH��7KH�
SPDBSZUBVWDEOH�VLJQDO�VKRXOG�RQO\�EH�DVVHUWHG�LI�WKH�VXSSO\�LV�
����RI�QRPLQDO�RU�KLJKHU� 

�� 5: �[� 

SK\�BSFVBSZUBVWDEOH 
3RZHU�VWDEOH�IRU�5DZ�3&6 
6WDWXV�VLJQDO�LQGLFDWLQJ�WKDW�WKH�SRZHU�IRU�WKH�5DZ�3&6�LV�VWDEOH��
7KH�SFVBSZUBVWDEOH�VLJQDO�VKRXOG�RQO\�EH�DVVHUWHG�LI�WKH�VXSSO\�LV�
����RI�QRPLQDO�RU�KLJKHU� 

�� 5: �[� 

SK\�BPSOOEBVVFBHQ 
6SUHDG�VSHFWUXP�HQDEOH��PSOOEBVVFBHQ� 
(QDEOHV�VSUHDG�VSHFWUXP�FORFN��66&��JHQHUDWLRQ�RQ�WKH�
PSOO�D�E�BGLYBFON�RXWSXW��,I�WKH�UHIHUHQFH�FORFN�DOUHDG\�KDV�
VSUHDG�VSHFWUXP�DSSOLHG��PSOO�D�E�BVVFBHQ�PXVW�EH�GH�DVVHUWHG� 

� 5: �[� 
SK\�BPSOOEBIRUFHBHQ 
03//%�IRUFH�HQDEOH 
:KHQ�DVVHUWHG��WKH�FRUUHVSRQGLQJ�03//�LV�IRUFHG�WR�EH�SRZHUHG�
XS�LUUHVSHFWLYH�RI�WKH�W[;BPSOOBHQ�LQSXW� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

SK\�BPSOODBVVFBHQ 
6SUHDG�VSHFWUXP�HQDEOH��PSOODBVVFBHQ� 
(QDEOHV�VSUHDG�VSHFWUXP�FORFN��66&��JHQHUDWLRQ�RQ�
WKHPSOO�D�E�BGLYBFON�RXWSXW��,I�WKH�UHIHUHQFH�FORFN�DOUHDG\�KDV�
VSUHDG 
VSHFWUXP�DSSOLHG��PSOO�D�E�BVVFBHQ�PXVW�EH�GH�DVVHUWHG� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXWV�
IRU�DOO�ODQHV�DUH�GH�DVVHUWHG� 

� 5: �[� 
SK\�BPSOODBIRUFHBHQ 
03//$�IRUFH�HQDEOH 
:KHQ�DVVHUWHG��WKH�FRUUHVSRQGLQJ�03//�LV�IRUFHG�WR�EH�SRZHUHG�
XS��LUUHVSHFWLYH�RI�WKH�W[;BPSOOBHQ�LQSXW� 

��� 5: �[� 

SK\�BQRPLQDOBYSKBVHO 
93+�QRPLQDO�VHOHFWLRQ 
,QGLFDWHV�WKH�93+�YROWDJH�OHYHO�VXSSOLHG� 
�
E����5HVHUYHG 
�
E��������9 
�
E��������9 
�
E��������9 
7KLV�LQSXW�FDQ�RQO\�EH�FKDQJHG�ZLWK�SK\BUHVHW�LV�DVVHUWHG� 

��� 5: �[�� 

SK\�BU[BWHUPBRIIVHW 
2IIVHW�IRU�5;�7HUPLQDWLRQ 
6SHFLILHV�DQ�DGGLWLRQDO�IL[HG�RIIVHW�WR�FDOLEUDWHG�5;�WHUPLQDWLRQ�
YDOXH� 
7KLV�LV�D�VLJQHG�LQSXW�ZLWK��
V�FRPSOHPHQW�HQFRGLQJ� 
9ROWDJH�5DQJH����YSGLJ 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

FUBSDUDBVHO 
&RQWURO�5HJLVWHU��&5��SDUDOOHO�LQWHUIDFH�VHOHFW 
&RQWUROV�VHOHFWLRQ�EHWZHHQ�-7$*�DQG�&5�LQWHUIDFHV� 
�
E���-7$* 
�
E���&RQWURO�5HJLVWHU��&5� 
7KLV�LQSXW�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�FUBSDUDBFON�DQG�
MWDJBWFN�FORFN�LQSXWV�DUH�GLVDEOHG� 

�� 5: �[� 
VUDPBH[WBOGBGRQH 
65$0�H[WHUQDO�ORDG�GRQH 
6LJQDO�DVVHUWHG�E\�XVHU�DIWHU�DQ\�XSGDWHV�WR�WKH�65$0�KDYH�EHHQ�
ORDGHG� 

�� 5: �[� 
VUDPBE\SDVV 
65$0�E\SDVV 
&RQWURO�VLJQDO�ZKHQ�DVVHUWHG��E\SDVVHV�WKH�65$0�LQWHUIDFH� 

�� 5: �[� 
SJBPRGHBHQ 
3RZHU�JDWLQJ�VXSSRUW�HQDEOH 
&RQWURO�LQSXW�WR�HQDEOH�WKH�SRZHU�JDWLQJ�VXSSRUW��:KHQ�GH�
DVVHUWHG��WKH�FRQWURO�LQSXWV�UHODWHG�WR�SRZHU�JDWLQJ�DUH�LJQRUHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

H[WBSFONBUHT 
([WHUQDO�3&/.�UHTXHVW 
:KHQ�DVVHUWHG��WKH�03//�FORFN�VRXUFHV�LQ�WKH�3+<�DUH�SRZHUHG 
XS�DQG�SFVBODQH;BSFON�RXWSXWV�VWD\�DFWLYH��UHJDUGOHVV�RI�WKH 
SFVBODQH;BSRZHUGRZQ>���@�LQSXWV 

�� 5: �[� SK\BU[�BWHUPBDFGF 
5HFHLYHU�WHUPLQDWLRQ�FRQWURO 

� 5: �[� SK\BU[�BWHUPBDFGF 
5HFHLYHU�WHUPLQDWLRQ�FRQWURO 

� 5: �[� 
SK\BUWXQHBUHT 
5HVLVWRU�WXQH�UHTXHVW 
$VVHUWLRQ�WULJJHUV�D�UHVLVWRU�WXQH�UHTXHVW��LI�RQH�LV�QRW�DOUHDG\�LQ�
SURJUHVV� 

� 5: �[� 
SK\BODQH�BU[�W[BSDUBOEBHQ 
3DUDOOHO��5;�WR�7;��ORRSEDFN�HQDEOH 
:KHQ�WKLV�VLJQDO�LV�DVVHUWHG��UHFRYHUHG�SDUDOOHO�GDWD�IURP�WKH�
UHFHLYHU�LV�ORRSHG�EDFN�WR�WKH�WUDQVPLW�VHULDOL]HU� 

� 5: �[� 
SK\BODQH�BU[�W[BSDUBOEBHQ 
3DUDOOHO��5;�WR�7;��ORRSEDFN�HQDEOH 
:KHQ�WKLV�VLJQDO�LV�DVVHUWHG��UHFRYHUHG�SDUDOOHO�GDWD�IURP�WKH�
UHFHLYHU�LV�ORRSHG�EDFN�WR�WKH�WUDQVPLW�VHULDOL]HU� 

� 5: �[� 
SK\BODQH�BSZUBSUHVHQW 
SK\BODQH�BSZUBSUHVHQW 
9%86�SRZHU�SUHVHQW 
6LJQDO�IURP�H[WHUQDO�9%86�GHWHFWLRQ�FLUFXLW 

� 5: �[� 
SK\BODQH�BSZUBSUHVHQW 
SK\BODQH�BSZUBSUHVHQW 
9%86�SRZHU�SUHVHQW 
6LJQDO�IURP�H[WHUQDO�9%86�GHWHFWLRQ�FLUFXLW 

� 5: �[� 

H[WBFWUOBVHO 
H[WBFWUOBVHO 
SK\BH[WBFWUOBVHO�LV�3+<�FRQILJXUDWLRQ�VHWWLQJ�SHU�SURWRFRO� 
([WHUQDO�RYHUULGHV�IRU�WKH�SHU�SURWRFRO�VHWWLQJV�RI�WKH�3+<�
FRQILJXUDWLRQ�LQSXWV� 
�)RU�SHU�SURWRFRO�VHWWLQJV�WR�FRQILJXUH�WKH�3+<��UHIHU�WR�WKH�
'HVLJQ:DUH�&RUHV�3+<�GDWDERRN���3+<�8VDJH�DQG�&RQILJXUDWLRQ��
FKDSWHU�� 
7KH�3&6�LQWHUQDOO\�GHWHUPLQHV�WKH�KDUG�FRGHG�RSWLPDO�VHWWLQJV 
IRU�HDFK�SURWRFRO��+RZHYHU��WKHVH�VHWWLQJV�FDQ�EH�RYHUZULWWHQ�RQ�
D�SHU�SURWRFRO�EDVLV�IURP�WKHVH�WRS�OHYHO�SLQV�ZKHQ�
SK\BH[WBFWUOBVHO�LQSXW�LV�DVVHUWHG��7KH�SURWRFRO;�VLJQDOV�
FRUUHVSRQG�WR�WKH�SFVBODQH;BSURWRFRO>���@�YDOXH�RI�������������
UHVSHFWLYHO\� 

� 5: �[� 
SK\�BVUDPBH[WBOGBGRQH 
65$0�H[WHUQDO�ORDG�GRQH 
6LJQDO�DVVHUWHG�E\�XVHU�DIWHU�DQ\�XSGDWHV�WR�WKH�65$0�KDYH�EHHQ�
ORDGHG� 

� 5: �[� 
SK\�BVUDPBE\SDVV 
65$0�E\SDVV 
&RQWURO�VLJQDO�ZKHQ�DVVHUWHG��E\SDVVHV�WKH�65$0�LQWHUIDFH� 

� 5: �[� 
XSFVBSZUBVWDEOH 
3RZHU�VWDEOH�IRU�XSFV 
6WDWXV�VLJQDO�LQGLFDWLQJ�WKDW�WKH�SRZHU�IRU�WKH�XSFV�LV�VWDEOH��7KH 

 
*5)B3&,(��3+<B&21� 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
U[�BHEBHPSW\BPRGHBVHO 
U[�BHEBHPSW\BPRGH�FRQWUROO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� W[�BGLVDEOH 
7;�GLVDEOH�FRQWURO�IRU�ODQH�; 

�� 5: �[� 
W[�BGLVDEOHBVHO 
W[BGLVDEOH�FRQWURO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� 

U[�BGLVDEOH 
5;�GLVDEOH�FRQWURO�IRU�ODQH�; 
7KLV�LV�D�VLGH�EDQG�VLJQDO�WKDW�D�3,3(�����FRQWUROOHU�QHHGV�WR�
HQWHU�DQG�H[LW�3����DQG�3����SRZHU�VWDWHV��:KHQ�DVVHUWHG��DOO�5;�
ODQH�FLUFXLWU\��LQFOXGLQJ�5;�(OHFWULFDO�,GOH�([LW�'HWHFWLRQ��IRU�ODQH�
;�LV�GLVDEOHG� 

�� 5: �[� 
U[�BGLVDEOHBVHO 
U[BGLVDEOH�FRQWURO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� 

U[�BHEBHPSW\BPRGH 
(ODVWLF�EXIIHU�PRGH�IRU�ODQH�; 
6HOHFWV�(ODVWLFLW\�%XIIHU�RSHUDWLQJ�PRGH� 
�
E���1RPLQDO�+DOI�)XOO�%XIIHU�PRGH 
�
E���+\EULG�3LSH�%XIIHU�0RGH 

� 5: �[� 

U[�BFPQBUHIFONBPRGH 
5;�FRPPRQ�UHIHUHQFH�FORFN�PRGH�IRU�ODQH�; 
7KLV�PRGH�VKRXOG�EH�HQDEOHG�RQO\�ZKHQ�WKH�IDU�HQG�DQG�QHDU�HQG 
GHYLFHV�DUH�UXQQLQJ�ZLWK�D�FRPPRQ�UHIHUHQFH�FORFN��:KHQ�
DVVHUWHG��WKLV�LQSXW�FRQILJXUHV�WKH�HODVWLF�EXIIHU�WR�RSHUDWH�LQ�WKH�
ORZHVW�ODWHQF\�PRGH� 

� 5: �[� 

U[�BVULVBPRGHBHQ 
5;�65,6�(&0�PRGH�HQDEOH�IRU�ODQH�; 
:KHQ�DVVHUWHG��WKLV�LQSXW�FRQILJXUHV�WKH�3+<�&'5�DQG�WKH�HODVWLF�
EXIIHU�WR�UHFRYHU�,QGHSHQGHQW�6SUHDG�6SHFWUXP�'DWD� 
1RWH� 
$Q\�FKDQJH�WR�WKLV�LQSXW�PXVW�EH�IROORZHG�E\�SK\BUHVHW�
DVVHUWLRQ� 

� 5: �[� U[�BWHUPLQDWLRQ 
5HFHLYHU�WHUPLQDWLRQ�FRQWURO 

� 5: �[� ODQH�BFONUHTBQ 
&ORFN�UHTXHVW�IRU�ODQH�� 

� 5: �[� 
ODQH�BW[�U[BORRSEN 
7;�WR�5;�ORRSEDFN�HQDEOH�IRU�ODQH�; 
:KHQ�DVVHUWHG��WKLV�LQSXW�WXUQV�RQ�WKH�7;�WR�5;�VHULDO�ORRSEDFN�
ZLWKLQ�WKH�3+<� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

ODQH�BPSOOBPRGH 
6HWV�03//�EDQGZLGWK�DQG�ORFN�WLPH��6HW�WKLV�VLJQDO�EDVHG�RQ�WKH 
FKRVHQ�3&,H�UHIFON�DUFKLWHFWXUH�LQ�WKH�V\VWHP��FRPPRQ�FORFN�
YHUVXV 
VHSDUDWH�FORFN�� 
�
E���1RUPDO�03//�EDQGZLGWK�DQG�ORFN�WLPH��XVH�IRU�3&,H 
VHSDUDWH�UHIFON�DUFKLWHFWXUH� 
�
E���+LJKHU�03//�EDQGZLGWK�DQG�VKRUWHU�ORFN�WLPH��XVH�IRU�3&,H 
FRPPRQ�UHIFON�DUFKLWHFWXUH� 

��� 5: �[� 

ODQH�BOLQNBQXP 
/LQN�QXPEHU�IRU�ODQH�; 
/LQN�QXPEHU�RI�ODQH�;�XVHG�IRU�ELIXUFDWLRQ��(DFK�ODQH�FDQ�EH�
DVVLJQHG�WR�DQ\�OLQN�XVLQJ�WKLV�LQSXW��7KH�7;�ODQH�WR�ODQH�VNHZ�
ZLWKLQ�WKH�3&6�IRU�ODQHV�WKDW�DUH�SDUW�RI�WKH�VDPH�OLQN�LV�]HUR�8,�
���8,�� 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
U[�BHEBHPSW\BPRGHBVHO 
U[�BHEBHPSW\BPRGH�FRQWUROO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� W[�BGLVDEOH 
7;�GLVDEOH�FRQWURO�IRU�ODQH�; 

�� 5: �[� 
W[�BGLVDEOHBVHO 
W[BGLVDEOH�FRQWURO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� 

U[�BGLVDEOH 
5;�GLVDEOH�FRQWURO�IRU�ODQH�; 
7KLV�LV�D�VLGH�EDQG�VLJQDO�WKDW�D�3,3(�����FRQWUROOHU�QHHGV�WR�
HQWHU�DQG�H[LW�3����DQG�3����SRZHU�VWDWHV��:KHQ�DVVHUWHG��DOO�5;�
ODQH�FLUFXLWU\��LQFOXGLQJ�5;�(OHFWULFDO�,GOH�([LW�'HWHFWLRQ��IRU�ODQH�
;�LV�GLVDEOHG� 

�� 5: �[� 
U[�BGLVDEOHBVHO 
U[BGLVDEOH�FRQWURO�VHOHFWLRQ 
�
E���IURP�3&,H�FRQWUROOHU 
�
E���IURP�*5) 

�� 5: �[� 

U[�BHEBHPSW\BPRGH 
(ODVWLF�EXIIHU�PRGH�IRU�ODQH�; 
6HOHFWV�(ODVWLFLW\�%XIIHU�RSHUDWLQJ�PRGH� 
�
E���1RPLQDO�+DOI�)XOO�%XIIHU�PRGH 
�
E���+\EULG�3LSH�%XIIHU�0RGH 

� 5: �[� 

U[�BFPQBUHIFONBPRGH 
5;�FRPPRQ�UHIHUHQFH�FORFN�PRGH�IRU�ODQH�; 
7KLV�PRGH�VKRXOG�EH�HQDEOHG�RQO\�ZKHQ�WKH�IDU�HQG�DQG�QHDU�HQG 
GHYLFHV�DUH�UXQQLQJ�ZLWK�D�FRPPRQ�UHIHUHQFH�FORFN��:KHQ�
DVVHUWHG��WKLV�LQSXW�FRQILJXUHV�WKH�HODVWLF�EXIIHU�WR�RSHUDWH�LQ�WKH�
ORZHVW�ODWHQF\�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
U[�BVULVBPRGHBHQ 
5;�65,6�(&0�PRGH�HQDEOH�IRU�ODQH�; 
:KHQ�DVVHUWHG��WKLV�LQSXW�FRQILJXUHV�WKH�3+<�&'5�DQG�WKH�HODVWLF�
EXIIHU�WR�UHFRYHU�,QGHSHQGHQW�6SUHDG�6SHFWUXP�'DWD� 

� 5: �[� U[�BWHUPLQDWLRQ 
5HFHLYHU�WHUPLQDWLRQ�FRQWURO 

� 5: �[� ODQH�BFONUHTBQ 
&ORFN�UHTXHVW�IRU�ODQH�� 

� 5: �[� 
ODQH�BW[�U[BORRSEN 
7;�WR�5;�ORRSEDFN�HQDEOH�IRU�ODQH�; 
:KHQ�DVVHUWHG��WKLV�LQSXW�WXUQV�RQ�WKH�7;�WR�5;�VHULDO�ORRSEDFN�
ZLWKLQ�WKH�3+<� 

� 5: �[� 

ODQH�BPSOOBPRGH 
6HWV�03//�EDQGZLGWK�DQG�ORFN�WLPH��6HW�WKLV�VLJQDO�EDVHG�RQ�WKH 
FKRVHQ�3&,H�UHIFON�DUFKLWHFWXUH�LQ�WKH�V\VWHP��FRPPRQ�FORFN�
YHUVXV 
VHSDUDWH�FORFN�� 
�
E���1RUPDO�03//�EDQGZLGWK�DQG�ORFN�WLPH��XVH�IRU�3&,H 
VHSDUDWH�UHIFON�DUFKLWHFWXUH� 
�
E���+LJKHU�03//�EDQGZLGWK�DQG�VKRUWHU�ORFN�WLPH��XVH�IRU�3&,H 
FRPPRQ�UHIFON�DUFKLWHFWXUH� 

��� 5: �[� 

ODQH�BOLQNBQXP 
/LQN�QXPEHU�IRU�ODQH�; 
/LQN�QXPEHU�RI�ODQH�;�XVHG�IRU�ELIXUFDWLRQ��(DFK�ODQH�FDQ�EH�
DVVLJQHG�WR�DQ\�OLQN�XVLQJ�WKLV�LQSXW��7KH�7;�ODQH�WR�ODQH�VNHZ�
ZLWKLQ�WKH�3&6�IRU�ODQHV�WKDW�DUH�SDUW�RI�WKH�VDPH�OLQN�LV�]HUR�8,�
���8,�� 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

U[�BLGOHBORVBFQWBJ� 
5;�,'/(�/RVV�RI�6LJQDO�&RXQWHU�IRU�*HQ� 
'HWHUPLQHV�WKH�QXPEHU�RI�3+<�5;�/26�VDPSOHV�RI����ORVV�RI�
VLJQDO�VDPSOHV��WR�FRQVLGHU�WKH�5;�DV�HOHFWULFDO�LGOH� 
:KHQ�SFVBU[;BLGOHBORVBFQWBJ�>���@�LV����WKLV�IHDWXUH�LV�GLVDEOHG�
DQG�RQO\�(,26�GHWHFWLRQ�LV�XVHG�WR�GHWHUPLQH�5;�HOHFWULFDO�LGOH�
FRQGLWLRQ� 
:KHQ�SFVBU[;BLGOHBORVBFQWBJ�>���@�LV�QRQ�]HUR��IRU�H[DPSOH��1��
LI�SK\BU[;BORV� ���IRU�1�QXPEHU�RI�SFVBODQH;BFON�FORFN�F\FOHV�
FRQVHFXWLYHO\���WKH�VXEVHTXHQW�GDWD�LV�FRQVLGHUHG�LQYDOLG�GDWD�
DQG�SLSHBU[;BYDOLG�LV�GHDVVHUWHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

U[�BLGOHBORVBFQWBJ� 
5;�,'/(�/RVV�RI�6LJQDO�&RXQWHU�IRU�*HQ� 
'HWHUPLQHV�WKH�QXPEHU�RI�3+<�5;�/26�VDPSOHV�RI����ORVV�RI�
VLJQDO�VDPSOHV��WR�FRQVLGHU�WKH�5;�DV�HOHFWULFDO�LGOH� 
:KHQ�SFVBU[;BLGOHBORVBFQWBJ�>���@�LV����WKLV�IHDWXUH�LV�GLVDEOHG�
DQG�RQO\�(,26�GHWHFWLRQ�LV�XVHG�WR�GHWHUPLQH�5;�HOHFWULFDO�LGOH�
FRQGLWLRQ� 
:KHQ�SFVBU[;BLGOHBORVBFQWBJ�>���@�LV�QRQ�]HUR��IRU�H[DPSOH��1��
LI�SK\BU[;BORV� ���IRU�1�QXPEHU�RI�SFVBODQH;BFON�FORFN�F\FOHV�
FRQVHFXWLYHO\���WKH�VXEVHTXHQW�GDWD�LV�FRQVLGHUHG�LQYDOLG�GDWD�
DQG�SLSHBU[;BYDOLG�LV�GHDVVHUWHG� 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
SLSHBODQH�BSRZHUGRZQ�FRQWURO�VHOHFW 
SLSHBODQH�BSRZHUGRZQ� �FRQWURO�VHOHFW 
�
E���IURP�SFLH��[�BPDF�SK\BSRZHUGRZQ 
�
E���IURP�JUIBSFLH��SK\BFRQ�>���@ 

� 5: �[� SLSHBU[�BVWDQGE\ 
JUI�FRQWURO�SLSHBU[�BVWDQGE\ 

� 5: �[� 
SLSHBU[�BVWDQGE\� � FRQWURO�VHOHFW 
U[VWDQGE\BWRBSK\�FRQWURO�VHOHFWLRQ 
�
E���IURP�SFLH�BO�BPDF�SK\BU[VWDQGE\BWRBSK\ 
�
E���IURP�JUIBSFLH��SK\BFRQ�>�@ 

� 5: �[� SLSHBW[�BFRPSOLDQFH 
JUI�FRQWURO�SLSHBW[�BFRPSOLDQFH 

� 5: �[� 
SLSHBW[�BFRPSOLDQFH�FRQWURO�VHOHFW 
W[�BFRPSOLDQFH�FRQWURO�VHOHFWLRQ 
�
E���IURP�SFLH��BO�BPDF�SK\BW[FRPSOLDQFH 
�
E���IURP�JUIBSFLH��SK\BFRQ�>�@ 

� 5: �[� SLSHBW[�BW[HOHFLGOH 
JUI�FRQWURO�SLSHBW[�BW[HOHFLGOH 

� 5: �[� 
SLSHBW[�BHOHFLGOH�FRQWURO�VHOHFW 
W[�BHOHFLGOH�FRQWURO�VHOHFWLRQ 
�
E���IURP�SFLH��BO�BPDF�SK\BW[HOHFLGOH 
�
E���IURP�JUIBSFLH��SK\BFRQ�>�@ 

 
*5)B3&,(��3+<B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[� SLSHBODQH�BSRZHUGRZQ 

JUI�FRQWURO�ODQH�BSRZHUGRZQ 
��� 5: �[� SLSHBODQH�BSRZHUGRZQ 

JUI�FRQWURO�SLSHBODQH�BSRZHUGRZQ 
 
*5)B3&,(��3+<B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
�� 5: �[� SK\�BPSOOEBVWDWH 

03//%�VWDWH�LQGLFDWRU 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� SK\�BUHIBFONGHWBUHVXOW 

5HIHUHQFH�&ORFN�'HWHFWLRQ�UHVXOW 
�� 5: �[� SK\�BPSOODBIRUFHBDFN 

03//$�)RUFH�$FNQRZOHGJH 
�� 5: �[� SK\�BPSOODBVWDWH 

03//$�VWDWH�LQGLFDWRU 

�� 5: �[� 
SK\�BSPDBSZUBHQ 
3RZHU�HQDEOH�IRU�30$�SRZHU�VZLWFK 
(QDEOH�VLJQDO�IRU�30$�SRZHU�VZLWFK��LQWHUQDO�RU�H[WHUQDO��WR�
VXSSO\�SRZHU�WR�WKH�30$��  

�� 5: �[� 

SK\�BSFVBSZUBHQ 
3RZHU�HQDEOH�IRU�3&6�SRZHU�VZLWFK�HV� 
(QDEOH�VLJQDO�IRU�H[WHUQDO�VZLWFK�HV��WR�VXSSO\�SRZHU�WR�WKH�
SRZHU�JDWHG�ORJLF�LQ�WKH�3&6� 
)RU�LQIRUPDWLRQ�DERXW�SRZHU�JDWLQJ 

�� 5: �[� SLSHBU[�BDOLJQBGHWHFW 
5;�$/,*1�V\PERO�GHWHFWHG�IRU�ODQH�� 

����� 5: �[� SLSHBODQH�BGDWDEXVZLGWK 
%XV�ZLGWK�FRQILJXUDWLRQ�IRU�ODQH�� 

�� 5: �[� SLSHBODQH�BFONDFNBQ 
&ORFN�DFNQRZOHGJH�IRU�ODQH�� 

�� 5: �[� SLSHBU[�BDOLJQBGHWHFW 
5;�$/,*1�V\PERO�GHWHFWHG�IRU�ODQH�� 

����� 5: �[� SLSHBODQH�BGDWDEXVZLGWK 
%XV�ZLGWK�FRQILJXUDWLRQ�IRU�ODQH� 

�� 5: �[� SLSHBODQH�BFONDFNBQ 
&ORFN�DFNQRZOHGJH�IRU�ODQH�� 

�� 5: �[� 

XSFVBSZUBHQ 
3RZHU�HQDEOH�IRU�3&6�SRZHU�VZLWFK�HV� 
(QDEOH�VLJQDO�IRU�H[WHUQDO�VZLWFK�HV��WR�VXSSO\�SRZHU�WR�WKH�
SRZHU�JDWHG�ORJLF�LQ�WKH�3&6� 
)RU�LQIRUPDWLRQ�DERXW�SRZHU�JDWLQJ 

�� 5: �[� 
SK\BUWXQHBDFN 
5HVLVWRU�WXQH�DFNQRZOHGJH 
,QGLFDWHV�WKDW�D�UHVLVWRU�WXQH�KDV�FRPSOHWHG 

�� 5: �[� 
VUDPBLQLWBGRQH 
�65$0�,QLWLDOL]DWLRQ�GRQH 
6LJQDO�LQGLFDWLQJ�WKDW�WKH�65$0�KDV�EHHQ�LQLWLDOL]HG�E\�WKH�ERRW 

�� 5: �[� 
SK\BU[�BSSPBGULIWBYOG 
5;�&'5�330�'ULIW�9DOLG 
,QGLFDWHV�ZKHQ�WKH�U[;BSSPBGULIW>���@�RXWSXW�LV�YDOLG�DQG�FDQ�EH�
VDPSOHG� 

���� 5: �[�� 
SK\BU[�BSSPBGULIW 
5;�&'5�330�'ULIW 
7KLV�YDOXH�UHSUHVHQWV�WKH�DPRXQW�RI�SSP�RQ�WKH�U[;BFON�ZLWK�
UHVSHFW�WR�WKH�LGHDO�GHVLUHG�IUHTXHQF\� 

� 5: �[� 
SK\BU[�BSSPBGULIWBYOG 
5;�&'5�330�'ULIW�9DOLG 
,QGLFDWHV�ZKHQ�WKH�U[;BSSPBGULIW>���@�RXWSXW�LV�YDOLG�DQG�FDQ�EH�
VDPSOHG� 

��� 5: �[�� 
SK\BU[�BSSPBGULIW 
5;�&'5�330�'ULIW 
7KLV�YDOXH�UHSUHVHQWV�WKH�DPRXQW�RI�SSP�RQ�WKH�U[;BFON�ZLWK�
UHVSHFW�WR�WKH�LGHDO�GHVLUHG�IUHTXHQF\� 
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*5)B3&,(��3+<B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
���� 5: �[��� SLSHBU[�BHEXIIBORFDWLRQ 

(QWULHV�LQ�HODVWLF�EXIIHU�IRU�ODQH�� 
��� 5: �[��� SLSHBU[�BHEXIIBORFDWLRQ 

(QWULHV�LQ�HODVWLF�EXIIHU�IRU�ODQH�� 
 
*5)B3&,(��3+<B67$786� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
�� 5: �[� SLSHBODQH�BPD[BSFON 
�� 5: �[� SLSHBODQH�BPD[BSFON 
�� 5: �[� SK\�BUHIBUHSHDWBFONBS 
�� 5: �[� SK\�BUHIBUHSHDWBFONBP 
�� 5: �[� SK\�BPSOODBGZRUGBFON 
�� 5: �[� SK\�BPSOODBGLYBFON 
�� 5: �[� SK\�BPSOODBGLY��BFON 
�� 5: �[� SK\�BPSOODBGLY��BFON 
�� 5: �[� SK\�BUHIBGLJBIUBFON 
�� 5: �[� SK\�BUHIBGLJBFON 
�� 5: �[� SK\�BPSOOEBZRUGBIUBFON 
�� 5: �[� SK\�BPSOOEBZRUGBFON 
�� 52 �[� UHVHUYHG 
�� 5: �[� SK\�BPSOOEBTZRUGBFON 
�� 5: �[� SK\�BPSOOEBRZRUGBFON 
� 5: �[� SK\�BPSOOEBIRUFHBDFN 
� 5: �[� SK\�BPSOOEBGZRUGBFON 
� 5: �[� SK\�BPSOOEBGLYBIUBFON 
� 5: �[� SK\�BPSOOEBGLYBFON 
� 5: �[� SK\�BPSOODBZRUGBUIBFON 
� 5: �[� SK\�BPSOODBZRUGBFON 
� 52 �[� UHVHUYHG 
� 5: �[� SK\�BPSOODBTZRUGBFON 
� 5: �[� SK\�BPSOODBRZRUGBFON 

� 5: �[� 

SK\�BPSOODBGLYBIUBFON 
)UHH�UXQQLQJ�03//$�GLYLGH�FORFN 
7KLV�FORFN�LV�LQWHQGHG�WR�EH�XVHG�IRU�VFDQ�RQ�FKLS�FORFNLQJ�
PRGH�:KHQVFDQBSPDBRFFBHQ�LV�DVVHUWHG��WKLV�FORFN�VWD\V�
UXQQLQJ�GXULQJ�VFDQBPRGH� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
���� 5: �[���� SURWRFRO�BH[WBPSOODBEDQGZLGWK 

03//$�EDQGZLGWK�FRQWURO� 
 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 
� 52 �[� UHVHUYHG 
��� 52 �[�� UHVHUYHG 
 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 

SURWRFRO�BH[WBPSOODBGLYBFONBHQ 
03//$�GLYLGH�FORFN�HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BGLYBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\�
PSOO�D�E�BGLYBPXOWLSOLHU>���@�)UDFWLRQDO�GLYLVLRQ�DQG�RU�66&�LV�
DGGLWLRQDOO\�DSSOLHG�WR�PSOO�D�E�BGLYBFON�GHSHQGLQJ�RQ�WKH�
VHWWLQJV�RI�PSOO�D�E�BVVFBHQ�DQG 
PSOO�D�E�BIUDFQBFWUO>���@� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�UHVSHFWLYH�
PSOO�D�E�BVVFBHQ�DQG�W[;BPSOOBHQ�LQSXWV�DUH�GH�DVVHUWHG� 

� 5: �[� 

SURWRFRO�BH[WBPSOODBGLY�BFONBHQ 
03//$�GLYLGH�E\���HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BZRUGBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\����,I�
PSOO�D�E�BGLY��BFONBHQ�LV�DOVR�DVVHUWHG��WKHQ�GLYLGH�E\����WDNHV�
SULRULW\� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXW�LV�
GHDVVHUWHG� 

� 5: �[� SURWRFRO�BH[WBPSOODBGLY��S�BFONBHQ 
03//$�GLYLGH�E\������HQDEOH 

� 5: �[� 

SURWRFRO�BH[WBPSOODBGLY��BFONBHQ 
03//$�GLYLGH�E\����HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BZRUGBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\�����7KLV�GLYLGH�E\����
WDNHV�SULRULW\�RYHU�PSOO�D�E�BGLY�BFONBHQ� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXWV�
IRU�DOO�ODQHV�DUH�GH�DVVHUWHG 

��� 5: �[�� 

SURWRFRO�BH[WBPSOODBGLYBPXOWLSOLHU 
03//$�RXWSXW�IUHTXHQF\�PXOWLSOLHU�FRQWURO 
)UHTXHQF\�PXOWLSOLFDWLRQ�IDFWRU�XVHG�WR�JHQHUDWH�03//�FORFN�
RXWSXW�IURP�WKH�UHIHUHQFH�FORFN�LQSXW�DV�VHHQ�E\�WKH�03//��DIWHU�
UHIBFONBGLY�BHQ�DQG�
UHIBFONBPSOODBGLY�BHQ�UHIBFONBPSOOEBGLY�BHQ�GLYLGHUV�� 
7KLV�LQSXW�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXWV�IRU�
DOO�ODQHV�DUH�GH�DVVHUWHG� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

���� 5: �[��� 

SURWRFRO�BH[WBPSOODBIUDFQBFWUO 
03//$�IUDFWLRQDO�FRQWURO 
03//�$�%��IUDFWLRQDO�FRQWURO�LQSXW�WR�EH�VHW�DV�SHU�WKH�WDEOHV�LQ�
WKH�6XSSRUW�&RQILJXUDWLRQ�6HWWLQJV��DSSHQGL[�DQG�WKH��/DQH�
&RQILJXUDWLRQ�6HWWLQJV��DSSHQGL[� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
SURWRFRO�BH[WBPSOODBVVFBFONBVHO 
03//$�VSUHDG�VSHFWUXP�FORFN�VHOHFW 
03//�$�%��FORFN�VHOHFW�IRU�JHQHUDWLQJ�VSUHDG�VSHFWUXP� 

� 5: �[� 
SURWRFRO�BH[WBPSOODBVKRUWBORFNBHQ 
03//$�VKRUW�ORFN�HQDEOH 
(QDEOHV�VKRUW�ORFN�PRGH�IRU�03//$� 

��� 5: �[�� 
SURWRFRO�BH[WBPSOODBPXOWLSOLHU 
03//$�IUHTXHQF\�PXOWLSOLHU�FRQWURO 
0XOWLSOLHV�WKH�UHIHUHQFH�FORFN�WR�D�IUHTXHQF\�VXLWDEOH�IRU�LQWHQGHG�
RSHUDWLQJ�VSHHG� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[��� SURWRFRO�BH[WBPSOODBVVFBIUHTBFQWBLQLW 

03//$�66&�)UHTXHQF\�&RXQWHU�,QLWLDOL]DWLRQ 
 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

SURWRFRO�BH[WBPSOODBVVFBXSBVSUHDG 
03//$�66&�8S�6SUHDG�(QDEOH 
:KHQ�DVVHUWHG��WKH�66&�LV�DSSOLHG�LQ�XSZDUGV�GLUHFWLRQ��SRVLWLYH�
SSP��DQG�ZKHQ�GHDVVHUWHG�WKH�66&�LV�DSSOLHG�GRZQZDUGV�
�QHJDWLYH�SSP�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

SURWRFRO�BH[WBPSOODBW[BFONBGLY 
03//$�7;�&ORFN�'LYLGHU 
6HWV�WKH�GLYLGH�UDWLR�RQ�WKH�03//�FORFN�VHQW�WR�WKH�7;�DV�IROORZV� 
�
E�����GLY� 
�
E�����GLY� 
�
E�����GLY� 
�
E�����GLY���GXSOLFDWH�VWDWH� 

��� 5: �[�� 
SURWRFRO�BH[WBPSOODBVVFBIUHTBFQWBSHDN 
03//$�66&�)UHTXHQF\�&RXQWHU�3HDN�6HWV�WKH�SHDN�YDOXH�IRU�WKH�
66&�IUHTXHQF\�FRXQWHU� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� SURWRFRO�BH[WBPSOOEBEDQGZLGWK 
03//%�EDQGZLGWK�FRQWURO 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

� 5: �[� 

SURWRFRO�BH[WBPSOOEBGLYBFONBHQ 
03//%�GLYLGH�FORFN�HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BGLYBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\�
PSOO�D�E�BGLYBPXOWLSOLHU>���@� 
)UDFWLRQDO�GLYLVLRQ�DQG�RU�66&�LV�DGGLWLRQDOO\�DSSOLHG�WR�
PSOO�D�E�BGLYBFON�GHSHQGLQJ�RQ�WKH�VHWWLQJV�RI�PSOO�D�E�BVVFBHQ�
DQG�PSOO�D�E�BIUDFQBFWUO>���@� 

� 5: �[� 

SURWRFRO�BH[WBPSOOEBGLY�BFONBHQ 
03//%�GLYLGH�E\���HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BZRUGBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\����,I�
PSO�D�E�BGLY��BFONBHQ�LV�DOVR�DVVHUWHG��WKHQ�GLYLGH�E\����WDNHV�
SULRULW\� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXW�LV�
GHDVVHUWHG� 

� 5: �[� 

SURWRFRO�BH[WBPSOOEBGLY��BFONBHQ 
03//%�GLYLGH�E\����HQDEOH 
:KHQ�DVVHUWHG��WKH�IUHTXHQF\�RI�WKH�PSOO�D�E�BZRUGBFON�RXWSXW�
FORFN�LV�WKH�03//�$�%��IUHTXHQF\�GLYLGHG�E\�����7KLV�GLYLGH�E\����
WDNHV�SULRULW\�RYHU�PSOO�D�E�BGLY�BFONBHQ� 
7KHVH�LQSXWV�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXWV�
IRU�DOO�ODQHV�DUH�GH�DVVHUWHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

SURWRFRO�BH[WBPSOOEBGLYBPXOWLSOLHU 
03//%�RXWSXW�IUHTXHQF\�PXOWLSOLHU�FRQWURO 
)UHTXHQF\�PXOWLSOLFDWLRQ�IDFWRU�XVHG�WR�JHQHUDWH�03//�FORFN�
RXWSXW�IURP�WKH�UHIHUHQFH�FORFN�LQSXW�DV�VHHQ�E\�WKH�03//��DIWHU 
UHIBFONBGLY�BHQ�DQG�
UHIBFONBPSOODBGLY�BHQ�UHIBFONBPSOOEBGLY�BHQ�GLYLGHUV�� 
7KLV�LQSXW�FDQ�RQO\�EH�FKDQJHG�ZKHQ�WKH�W[;BPSOOBHQ�LQSXWV�IRU�
DOO�ODQHV�DUH�GH�DVVHUWHG� 

 
*5)B3&,(��3+<B357�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
���� 5: �[��� SURWRFRO�BH[WBPSOOEBIUDFQBFWUO 

03//%�IUDFWLRQDO�FRQWURO 
 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 
� 5: �[� SURWRFRO�BH[WBPSOOEBVVFBFONBVHO 

03//%�VSUHDG�VSHFWUXP�FORFN�VHOHFW� 
� 5: �[� SURWRFRO�BH[WBPSOOEBVKRUWBORFNBHQ 

03//%�VKRUW�ORFN�HQDEOH� 
��� 5: �[�� SURWRFRO�BH[WBPSOOEBPXOWLSOLHU 

[
E[[[�ELWV�������[
K[[[[�ELWV�! ��� 
 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[��� SURWRFRO�BH[WBPSOOEBVVFBIUHTBFQWBLQLW 

03//%�66&�)UHTXHQF\�&RXQWHU�,QLWLDOL]DWLRQ� 
 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

SURWRFRO�BH[WBPSOOEBVVFBXSBVSUHDG 
03//%�66&�8S�6SUHDG�(QDEOH 
:KHQ�DVVHUWHG��WKH�66&�LV�DSSOLHG�LQ�XSZDUGV�GLUHFWLRQ��SRVLWLYH�
SSP��DQG�ZKHQ�GHDVVHUWHG�WKH�66&�LV�DSSOLHG�GRZQZDUGV�
�QHJDWLYH�SSP�� 

���� 5: �[� 

SURWRFRO�BH[WBPSOOEBW[BFONBGLY 
03//%�7;�&ORFN�'LYLGHU 
6HWV�WKH�GLYLGH�UDWLR�RQ�WKH�03//�FORFN�VHQW�WR�WKH�7;�DV�IROORZV� 
�
E�����GLY� 
�
E�����GLY� 
�
E�����GLY� 
�
E�����GLY���GXSOLFDWH�VWDWH� 

��� 5: �[�� 
SURWRFRO�BH[WBPSOOEBVVFBIUHTBFQWBSHDN 
03//%�66&�)UHTXHQF\�&RXQWHU�3HDN 
6HWV�WKH�SHDN�YDOXH�IRU�WKH�66&�IUHTXHQF\�FRXQWHU� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 

SURWRFRO�BH[WBUHIBFONBPSOOEBGLY�BHQ 
03//%�UHIHUHQFH�FORFN�GLYLGHU�FRQWURO 
7KH�UHIHUHQFH�FORFN�XVHG�IRU�03//%�FDOLEUDWLRQ�DQG�ORFNLQJ�FDQ�EH�
GLYLGHG�E\����7KLV�GLYLVLRQ�LV�DSSOLHG�DIWHU�UHIBFONBGLY�BHQ��+HQFH�
WKH�WRWDO�GLYLVLRQ�UDWLR��IURP�WKH�LQSXW�UHIHUHQFH�FORFN��FDQ�EH����
��RU��� 

� 5: �[� 

SURWRFRO�BH[WBUHIBFONBPSOODBGLY�BHQ 
03//$�UHIHUHQFH�FORFN�GLYLGHU�FRQWURO 
7KH�UHIHUHQFH�FORFN�XVHG�IRU�03//$�FDOLEUDWLRQ�DQG�ORFNLQJ�FDQ�EH�
GLYLGHG�E\����7KLV�GLYLVLRQ�LV�DSSOLHG�DIWHU�UHIBFONBGLY�BHQ��+HQFH�
WKH�GLYLVLRQ�UDWLR��IURP�WKH�LQSXW�UHIHUHQFH�FORFN��FDQ�EH������RU�
�� 

� 5: �[� 
SURWRFRO�BH[WBUHIBFONBGLY�BHQ 
,QSXW�UHIHUHQFH�FORFN�GLYLGHU�FRQWURO 
7KH�UHIHUHQFH�FORFN�LV�GLYLGHG�E\���ZKHQ�DVVHUWHG��$Q\�FKDQJH�LQ�
WKLV�LQSXW�PXVW�EH�IROORZHG�E\�SK\BUHVHW�DVVHUWLRQ� 

��� 5: �[� 

SURWRFRO�BH[WBUHIBUDQJH 
,QSXW�UHIHUHQFH�FORFN�IUHTXHQF\�UDQJH 
6SHFLILHV�WKH�IUHTXHQF\�UDQJH�RI�WKH�LQSXW�UHIHUHQFH�FORFN��SRVW�
UHIBFONBGLY�BHQ�GLYLVLRQ�LI�DQ\���7KH�FRGH�PDSSLQJ�RI�UHIBUDQJH�
LV�DV 
IROORZV� 
�
E�������������0+] 
�
E���������������0+] 
�
E���������������0+] 
�
E����������������0+] 
�
E�����������������0+] 
�
E�����������������0+] 
�
E�����������������0+] 
�
E�����������������0+] 
$Q\�FKDQJH�LQ�WKLV�LQSXW�PXVW�EH�IROORZHG�E\�SK\BUHVHW�DVVHUWLRQ� 
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*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBGIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBGIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBGIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBDIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBDIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

� 5: �[� 
SURWRFRO�BH[WBU[BDGDSWBDIHBHQBJ� 
5;�DGDSWDWLRQ�HQDEOH 
(QDEOHV�WKH�5;�DGDSWDWLRQ�FLUFXLWU\ 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[�� 

SURWRFRO�BH[WBU[BFGUBSSPBPD[BJ� 
0D[LPXP�$OORZHG�330�RQ�WKH�5;�&'5�&ORFN 
7KLV�LQSXW�VSHFLILHV�WKH�PD[LPXP�330�GULIW�WR�EH�DOORZHG�RQ�WKH�
5;�FORFN��UHODWLYH�WR�LGHDO�GHVLUHG�IUHTXHQF\��EHIRUH�WKH�&'5�
UHFRYHU\�FLUFXLW�LV�HQJDJHG� 

��� 5: �[�� 

SURWRFRO�BH[WBU[BFGUBSSPBPD[BJ� 
0D[LPXP�$OORZHG�330�RQ�WKH�5;�&'5�&ORFN 
7KLV�LQSXW�VSHFLILHV�WKH�PD[LPXP�330�GULIW�WR�EH�DOORZHG�RQ�WKH�
5;�FORFN��UHODWLYH�WR�LGHDO�GHVLUHG�IUHTXHQF\��EHIRUH�WKH�&'5�
UHFRYHU\�FLUFXLW�LV�HQJDJHG� 

��� 5: �[�� 

SURWRFRO�BH[WBU[BFGUBSSPBPD[BJ� 
0D[LPXP�$OORZHG�330�RQ�WKH�5;�&'5�&ORFN 
7KLV�LQSXW�VSHFLILHV�WKH�PD[LPXP�330�GULIW�WR�EH�DOORZHG�RQ�WKH�
5;�FORFN��UHODWLYH�WR�LGHDO�GHVLUHG�IUHTXHQF\��EHIRUH�WKH�&'5�
UHFRYHU\�FLUFXLW�LV�HQJDJHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[� 
SURWRFRO�BH[WBU[BFGUBYFRBIUHTEDQGBJ� 
5;�&'5�9&2�)UHTXHQF\�%DQG 
&RQWUROV�FRDUVH�'$&�VWHS�VL]H�EDVHG�RQ�GDWD�UDWH�DQG�93+�OHYHO� 

��� 5: �[� 
SURWRFRO�BH[WBU[BFGUBYFRBIUHTEDQGBJ� 
5;�&'5�9&2�)UHTXHQF\�%DQG 
&RQWUROV�FRDUVH�'$&�VWHS�VL]H�EDVHG�RQ�GDWD�UDWH�DQG�93+�OHYHO� 

��� 5: �[� 
SURWRFRO�BH[WBU[BFGUBYFRBIUHTEDQGBJ� 
5;�&'5�9&2�)UHTXHQF\�%DQG 
&RQWUROV�FRDUVH�'$&�VWHS�VL]H�EDVHG�RQ�GDWD�UDWH�DQG�93+�OHYHO� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[� 

SURWRFRO�BH[WBU[BGHOWDBLTBJ� 
,4�RIIVHW�YDOXH 
,QGLFDWHV�WKH�DPRXQW�RI�DGGLWLRQDO�RIIVHW�WR�DSSO\�WR�WKH�
,QSKDVH�4XDGUDWXUH��,4��VHSDUDWLRQ� 
7KLV�LV�DQ�XQVLJQHG�RIIVHW�YDOXH�DQG�FRYHUV�D�UDQJH�RI��8,�WR�
���8,� 

��� 5: �[� 

SURWRFRO�BH[WBU[BGHOWDBLTBJ� 
,4�RIIVHW�YDOXH 
,QGLFDWHV�WKH�DPRXQW�RI�DGGLWLRQDO�RIIVHW�WR�DSSO\�WR�WKH�
,QSKDVH�4XDGUDWXUH��,4��VHSDUDWLRQ� 
7KLV�LV�DQ�XQVLJQHG�RIIVHW�YDOXH�DQG�FRYHUV�D�UDQJH�RI��8,�WR�
���8,� 

��� 5: �[� 

SURWRFRO�BH[WBU[BGHOWDBLTBJ� 
,4�RIIVHW�YDOXH 
,QGLFDWHV�WKH�DPRXQW�RI�DGGLWLRQDO�RIIVHW�WR�DSSO\�WR�WKH�
,QSKDVH�4XDGUDWXUH��,4��VHSDUDWLRQ� 
7KLV�LV�DQ�XQVLJQHG�RIIVHW�YDOXH�DQG�FRYHUV�D�UDQJH�RI��8,�WR�
���8,� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBDWWBOYOBJ� 
5;�HTXDOL]DWLRQ�DWWHQXDWLRQ�OHYHO 
&RQWUROV�WKH�$)(�DWWHQXDWLRQ�OHYHO�IURP���G%�ZKHQ�VHW�WR��
E�����
WR���G%�ZKHQ�VHW�WR��
E�����ELQDU\�HQFRGHG� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBDWWBOYOBJ� 
5;�HTXDOL]DWLRQ�DWWHQXDWLRQ�OHYHO 
&RQWUROV�WKH�$)(�DWWHQXDWLRQ�OHYHO�IURP���G%�ZKHQ�VHW�WR��
E�����
WR���G%�ZKHQ�VHW�WR��
E�����ELQDU\�HQFRGHG� 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBDWWBOYOBJ� 
5;�HTXDOL]DWLRQ�DWWHQXDWLRQ�OHYHO 
&RQWUROV�WKH�$)(�DWWHQXDWLRQ�OHYHO�IURP���G%�ZKHQ�VHW�WR��
E�����
WR���G%�ZKHQ�VHW�WR��
E�����ELQDU\�HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 

����� 5: �[�� 
SURWRFRO�BH[WBU[BHTBFWOHBERRVWBJ� 
5;�HTXDOL]DWLRQ�&7/(�ERRVW 
&RQWUROV�WKH�&7/(�ERRVW�OHYHO��ELQDU\�HQFRGHG� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BHTBFWOHBERRVWBJ� 
5;�HTXDOL]DWLRQ�&7/(�ERRVW 
&RQWUROV�WKH�&7/(�ERRVW�OHYHO��ELQDU\�HQFRGHG� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BHTBFWOHBERRVWBJ� 
5;�HTXDOL]DWLRQ�&7/(�ERRVW 
&RQWUROV�WKH�&7/(�ERRVW�OHYHO��ELQDU\�HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBFWOHBSROHBJ� 
5;�HTXDOL]DWLRQ�&7/(�SROH 
&RQWUROV�WKH�FRQWLQXRXV�WLPH�OLQHDU�HTXDOL]HU��&7/(��ERRVW�SROH�
ORFDWLRQ��ELQDU\�HQFRGHG� 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBFWOHBSROHBJ� 
5;�HTXDOL]DWLRQ�&7/(�SROH 
&RQWUROV�WKH�FRQWLQXRXV�WLPH�OLQHDU�HTXDOL]HU��&7/(��ERRVW�SROH�
ORFDWLRQ��ELQDU\�HQFRGHG� 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBFWOHBSROHBJ� 
5;�HTXDOL]DWLRQ�&7/(�SROH 
&RQWUROV�WKH�FRQWLQXRXV�WLPH�OLQHDU�HTXDOL]HU��&7/(��ERRVW�SROH�
ORFDWLRQ��ELQDU\�HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 
SURWRFRO�BH[WBU[BHTBGIHBWDS�BJ� 
5;�HTXDOL]DWLRQ�')(�7DS� 
&RQWUROV�WKH�YDOXH�RI�')(�GDWD�7DS���7KLV�LV�D�VLJQHG�LQSXW��WZR
V�
FRPSOHPHQW�HQFRGHG� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BHTBGIHBWDS�BJ� 
5;�HTXDOL]DWLRQ�')(�7DS� 
&RQWUROV�WKH�YDOXH�RI�')(�GDWD�7DS���7KLV�LV�D�VLJQHG�LQSXW��WZR
V�
FRPSOHPHQW�HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

���� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BHTBGIHBWDS�BJ� 
5;�HTXDOL]DWLRQ�')(�7DS� 
&RQWUROV�WKH�YDOXH�RI�')(�GDWD�7DS���7KLV�LV�D�VLJQHG�LQSXW��WZR
V�
FRPSOHPHQW�HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

���� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

��� 5: �[� 
SURWRFRO�BH[WBU[BHTBYJD�BJDLQBJ� 
5;�HTXDOL]DWLRQ�9*$�JDLQ�� 
&RQWUROV�WKH�$)(�ILUVW�VWDJH�9DULDEOH�*DLQ�$PSOLILHU�JDLQ��ELQDU\�
HQFRGHG� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 
� 5: �[� SURWRFRO�BH[WBU[BORVBOISVBHQ 

5HFHLYHU�/26�/)36�HQDEOH 

��� 5: �[� 

SURWRFRO�BH[WBU[BORVBWKUHVKROG 
5HFHLYHU�/26�WKUHVKROG 
6HWV�WKH�/26�WKUHVKROG�OHYHO�WULS�SRLQW��,W�LV�UHFRPPHQGHG�WR�VHW�
WKLV�LQSXW�WR��
E����IRU�3&,H�DQG��
E����IRU�6$7$� 
�
E�����/26�WKUHVKROG 5HVHUYHG 
�
E�����/26�WKUHVKROG ���P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
�
E�����/26�WKUHVKROG ����P9SS 
9ROWDJH�5DQJH����YSGLJ 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� 
SURWRFRO�BH[WBU[BPLVFBJ� 
5;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�5;� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BPLVFBJ� 
5;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�5;� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 
SURWRFRO�BH[WBU[BPLVFBJ� 
5;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�5;� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 
SURWRFRO�BH[WBU[BUHIBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�UHIHUHQFH�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

��� 5: �[�� 
SURWRFRO�BH[WBU[BUHIBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�UHIHUHQFH�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 
SURWRFRO�BH[WBU[BUHIBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�UHIHUHQFH�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
SURWRFRO�BH[WBU[BYFRBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[���� 
SURWRFRO�BH[WBU[BYFRBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  461 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

���� 5: �[���� 
SURWRFRO�BH[WBU[BYFRBOGBYDOBJ� 
5;�9&2�FDOLEUDWLRQ�ORDG�YDOXH 
7KLV�LQSXW�LV�XVHG�WR�ORDG�LQWHUQDO�FDOLEUDWLRQ�UHJLVWHUV�XVHG�WR�
SHUIRUP�5;�9&2�FDOLEUDWLRQ� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

SURWRFRO�BH[WBU[BYUHIBFWUO 
5;�ELDVLQJ�FXUUHQW�FRQWURO 
6HWV�WKH�5;�ELDVLQJ�FXUUHQW�IRU�5;�DQDORJ�IURQW�HQG��7KH�
UHFRPPHQGHG�GHIDXOW�VHWWLQJ�IRU�WKLV�LQSXW�LV��
E������ 
9ROWDJH�5DQJH����YSGLJ 

��� 5: �[�� 
SURWRFRO�BH[WBVXSBPLVF 
6XSSRUW�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�6XSSRUW�EORFN� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBPDLQBJ� 
7UDQVPLWWHU�DPSOLWXGH�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�DPSOLWXGH��PDLQ�
FRHIILFLHQW� 
W[BHTBPDLQ>���@��,QWHJHU�YDOXH����WR���� 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBPDLQBJ� 
7UDQVPLWWHU�DPSOLWXGH�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�DPSOLWXGH��PDLQ�
FRHIILFLHQW� 
W[BHTBPDLQ>���@��,QWHJHU�YDOXH����WR���� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBPDLQBJ� 
7UDQVPLWWHU�DPSOLWXGH�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�DPSOLWXGH��PDLQ�
FRHIILFLHQW� 
W[BHTBPDLQ>���@��,QWHJHU�YDOXH����WR���� 
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*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

�� 52 �[� UHVHUYHG 
�� 5: �[� SURWRFRO�BH[WBW[BHTBRYUGBJ� 

*HQ��W[�HT�2YHUULGH 
�� 5: �[� SURWRFRO�BH[WBW[BHTBRYUGBJ� 

*HQ��W[�HT�2YHUULGH 
�� 5: �[� SURWRFRO�BH[WBW[BHTBRYUGBJ� 

*HQ��W[�HT�2YHUULGH 

���� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSRVWBJ� 
7UDQVPLWWHU�3RVW�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SRVW��HPSKDVLV�
�SRVW�FRHIILFLHQW� 
W[BHTBSRVW>���@��,QWHJHU�YDOXH����WR���� 
W[BHTBSRVW>���@��)UDFWLRQ�YDOXH��������������������� 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSRVWBJ� 
7UDQVPLWWHU�3RVW�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SRVW��HPSKDVLV�
�SRVW�FRHIILFLHQW� 
W[BHTBSRVW>���@��,QWHJHU�YDOXH����WR���� 
W[BHTBSRVW>���@��)UDFWLRQ�YDOXH��������������������� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

���� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSUHBJ� 
7UDQVPLWWHU�3UH�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SUH��
HPSKDVLV�SUHVKRRW�FRHIILFLHQW� 
W[BHTBSUH>���@��,QWHJHU�YDOXH����WR��� 
W[BHTBSUH>���@��)UDFWLRQ�YDOXH��������������������� 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSRVWBJ� 
7UDQVPLWWHU�3RVW�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SRVW��HPSKDVLV�
�SRVW�FRHIILFLHQW� 
W[BHTBSRVW>���@��,QWHJHU�YDOXH����WR���� 
W[BHTBSRVW>���@��)UDFWLRQ�YDOXH��������������������� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

SURWRFRO�BH[WBW[BLERRVWBOYO 
7\SLFDO�7;�/DXQFK�$PSOLWXGH�9VZLQJ��P9SSG� 
�
E��������� 
�
E������ ���� 
�
E������ ���� 
�
E������ ���� 
�
E������ ���� 
�
E������ ���� 
�
E������ ���� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 
�
E������ ����� 

���� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSUHBJ� 
7UDQVPLWWHU�3UH�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SUH��
HPSKDVLV�SUHVKRRW�FRHIILFLHQW� 
W[BHTBSUH>���@��,QWHJHU�YDOXH����WR��� 
W[BHTBSUH>���@��)UDFWLRQ�YDOXH��������������������� 

��� 5: �[�� 

SURWRFRO�BH[WBW[BHTBSUHBJ� 
7UDQVPLWWHU�3UH�(PSKDVLV�OHYHO�DGMXVWPHQW�FRQWURO 
&RQWURO�IRU�VHWWLQJ�WKH�WUDQVPLWWHU�GULYHU�RXWSXW�SUH��
HPSKDVLV�SUHVKRRW�FRHIILFLHQW� 
W[BHTBSUH>���@��,QWHJHU�YDOXH����WR��� 
W[BHTBSUH>���@��)UDFWLRQ�YDOXH��������������������� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� 
SURWRFRO�BH[WBW[BPLVFBJ� 
7;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�7;�DQDORJ�EORFN� 

��� 5: �[�� 
SURWRFRO�BH[WBW[BPLVFBJ� 
7;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�7;�DQDORJ�EORFN� 

 
*5)B3&,(��3+<B357�B&21�� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E��:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

SURWRFRO�BH[WBW[BYERRVWBOYO 
7;�YROWDJH�ERRVW�PD[LPXP�OHYHO 
6HWV�WKH�PD[LPXP�DFKLHYDEOH�7;�VZLQJ��7KH�UHFRPPHQGHG�
GHIDXOW�VHWWLQJ�IRU�WKLV�LQSXW�LV��
E�����W[BYERRVWBYUHI �������9�� 
1RWH��7KLV�VLJQDO�GRHV�QRW�VHW�WKH�DFWXDO�7;�VZLQJ��LW�RQO\ 

��� 5: �[�� 
SURWRFRO�BH[WBW[BPLVFBJ� 
7;�0LVFHOODQHRXV�&RQWUROV 
7KLV�LQSXW�FRQWUROV�PLVFHOODQHRXV�VHWWLQJV�LQ�WKH�7;�DQDORJ�EORFN� 

 

3.13 USB_GRF Register Description 
3.13.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

86%B*5)B+267�B&21� �[���� : �[�������� 86%�KRVW�FRQWURO�UHJLVWHU� 
86%B*5)B+267�B&21� �[���� : �[������%& 86%�KRVW�FRQWURO�UHJLVWHU� 
86%B*5)B+267�B&21� �[���� : �[�������� 86%�KRVW��FRQWURO�UHJLVWHU� 
86%B*5)B+267�B&21� �[���& : �[������%& 86%�KRVW��FRQWURO�UHJLVWHU� 
86%B*5)B+267�B67$78
6 �[���� : �[�������� 86%�KRVW�VWDWXV�UHJLVWHU 
86%B*5)B+267�B67$78
6 �[���� : �[�������� 86%�KRVW��VWDWXV�UHJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
3.13.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
86%B*5)B+267�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[�� KRVW�BIODGMBYDOBFRPPRQ 

86%�+267��IODGMBYDOBFRPPRQ�ELW�FRQWURO 
��� 5: �[�� KRVW�BIODGMBYDO 

86%�+267��IODGM�ELW�FRQWURO 
 
86%B*5)B+267�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
�� 5: �[� KRVW�BDUEBSDXVH 

KRVW��HKFL�RKFL�DUELWHU�SDXVH�FRQWURO 
�� 5: �[� KRVW�BRKFLBVXVSBOJF\ 

86%�+267��RKFLBVXVSBOJF\�ELW�FRQWURO 
�� 5: �[� KRVW�BRKFLBFQWVHO 

86%�+267��RKFLBFQWVHO�ELW�FRQWURO 
�� 5: �[� KRVW�BRKFLBFONFNWUVW 

86%�+267��RKFLBFONFNWUVW�ELW�FRQWURO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 5: �[� KRVW�BDSSBSUWBRYUFXU 

86%�+267��DSSBSUWBRYUFXU�ELW�FRQWURO 
� 5: �[� KRVW�BDXWRSSGBRQBRYHUFXUBHQ 

86%�+267��DXWRSSGBRQBRYHUFXUBHQ�ELW�FRQWURO 
� 5: �[� KRVW�BZRUGBLI 

86%�+267��ZRUGBLI�ELW�FRQWURO 

� 5: �[� 
KRVW�BVLPBPRGH 
86%�+267��VLPBPRGH�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU[BHQ 
86%�+267��LQFU[BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU�BHQ 
86%�+267��LQFU�BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU�BHQ 
86%�+267��LQFU�BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU��BHQ 
86%�+267��LQFU��BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� KRVW�BKXEVHWXSBPLQ 
86%�+267��EXEVHWXSBPLQ�ELW�FRQWURO 

� 5: �[� KRVW�BDSSBVWDUWBFON 
86%�+267��DSSBVWDUWBFON�ELW�FRQWURO 

 
86%B*5)B+267�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
���� 5: �[�� KRVW�BIODGMBYDOBFRPPRQ 

86%�+267��IODGMBYDOBFRPPRQ�ELW�FRQWURO 
��� 5: �[�� KRVW�BIODGMBYDO 

86%�+267��IODGM�ELW�FRQWURO 
 
86%B*5)B+267�B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU���ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E��:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 
�� 5: �[� KRVW�BDUEBSDXVH 

KRVW��HKFL�RKFL�DUELWHU�SDXVH�FRQWURO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 5: �[� KRVW�BRKFLBVXVSBOJF\ 

86%�+267��RKFLBVXVSBOJF\�ELW�FRQWURO 
�� 5: �[� KRVW�BRKFLBFQWVHO 

86%�+267��RKFLBFQWVHO�ELW�FRQWURO 
�� 5: �[� KRVW�BRKFLBFONFNWUVW 

86%�+267��RKFLBFONFNWUVW�ELW�FRQWURO 
� 5: �[� KRVW�BDSSBSUWBRYUFXU 

86%�+267��DSSBSUWBRYUFXU�ELW�FRQWURO 
� 5: �[� KRVW�BDXWRSSGBRQBRYHUFXUBHQ 

86%�+267��DXWRSSGBRQBRYHUFXUBHQ�ELW�FRQWURO 
� 5: �[� KRVW�BZRUGBLI 

86%�+267��ZRUGBLI�ELW�FRQWURO 

� 5: �[� 
KRVW�BVLPBPRGH 
86%�+267��VLPBPRGH�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU[BHQ 
86%�+267��LQFU[BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU�BHQ 
86%�+267��LQFU�BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU�BHQ 
86%�+267��LQFU�BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KRVW�BLQFU��BHQ 
86%�+267��LQFU��BHQ�ELW�FRQWURO 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� KRV�BKXEVHWXSBPLQ 
86%�+267��EXEVHWXSBPLQ�ELW�FRQWURO 

� 5: �[� KRVW�BDSSBVWDUWBFON 
86%�+267��DSSBVWDUWBFON�ELW�FRQWURO 

 
86%B*5)B+267�B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
�� 52 �[� KRVW�BHKFLBSRZHUBVWDWHBDFN 

KRVW�BHKFLBSRZHUBVWDWHBDFN�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLBSPHBVWDWXV 

KRVW�BHKFLBSPHBVWDWXV�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLBEXIDFF 

KRVW�BHKFLBEXIDFF�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLB[IHUBSUGF 

KRVW�BHKFLB[IHUBSUGF�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBFFV 

KRVW�BRKFLBFFV�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBUZH 

KRVW�BRKFLBUZH�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBGUZH 

KRVW�BRKFLBGUZH�ELW�VWDWXV 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� KRVW�BRKFLBJOREDOVXVSHQG 

KRVW�BRKFLBJOREDOVXVSHQG�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBEXIDFF 

KRVW�BRKFLBEXIDFF�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBUPWZNS 

KRVW�BRKFLBUPWZNS�ELW�VWDWXV 
����� 52 �[� KRVW�BHKFLBOSVPFBVWDWH 

KRVW�BHKFLBOSVPFBVWDWH�ELW�VWDWXV 
����� 52 �[�� KRVW�BHKFLBXVEVWV 

KRVW�BHKFLBXVEVWV�ELW�VWDWXV 
���� 5: �[��� KRVW�BHKFLB[IHUBFQW 

KRVW�BHKFLB[IHUBFQW�ELW�VWDWXV 
 
86%B*5)B+267�B67$786 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 
�� 52 �[� KRVW�BHKFLBSRZHUBVWDWHBDFN 

KRVW�BHKFLBSRZHUBVWDWHBDFN�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLBSPHBVWDWXV 

KRVW�BHKFLBSPHBVWDWXV�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLBEXIDFF 

KRVW�BHKFLBEXIDFF�ELW�VWDWXV 
�� 52 �[� KRVW�BHKFLB[IHUBSUGF 

KRVW�BHKFLB[IHUBSUGF�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBFFV 

KRVW�BRKFLBFFV�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBUZH 

KRVW�BRKFLBUZH�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBGUZH 

KRVW�BRKFLBGUZH�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBJOREDOVXVSHQG 

KRVW�BRKFLBJOREDOVXVSHQG�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBEXIDFF 

KRVW�BRKFLBEXIDFF�ELW�VWDWXV 
�� 52 �[� KRVW�BRKFLBUPWZNS 

KRVW�BRKFLBUPWZNS�ELW�VWDWXV 
����� 52 �[� KRVW�BHKFLBOSVPFBVWDWH 

KRVW�BHKFLBOSVPFBVWDWH�ELW�VWDWXV 
����� 52 �[�� KRVW�BHKFLBXVEVWV 

KRVW�BHKFLBXVEVWV�ELW�VWDWXV 
���� 5: �[��� KRVW�BHKFLB[IHUBFQW 

KRVW�BHKFLB[IHUBFQW�ELW�VWDWXV 
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Chapter 4 Cortex-A55 
4  

4.1 Overview 
7KH�5.�����KDV�D�TXDG�FRUH�&RUWH[�$���FOXVWHU�ZLWK����.�/��PHPRU\��&RUWH[�$���
SURFHVVRU��ZKLFK�LV�D�PLG�UDQJH��ORZ�SRZHU�SURFHVVRU�WKDW�LPSOHPHQWV�WKH�$50Y��$�
DUFKLWHFWXUH� 
7KH�&RUWH[�$���SURFHVVRU�LQFOXGHV�IROORZLQJ�IHDWXUHV� 
z Full implementation of the Armv8.2-A A64, A32, and T32 instruction sets 
z Both the AArch32 and AArch64 execution states at all Exception levels (EL0 to EL3) 
z In-order pipeline with direct and indirect branch prediction 
z Separate L1 data and instruction side memory systems with a Memory Management 

Unit(MMU) 
z Support for Arm TrustZone technology 
z Support data engine that implements the Advanced SIMD and floating-point architecture 

support 
z Support Cryptographic Extension 
z ARMv8 debug logic 
z Support Generic Interrupt Controller (GIC) CPU interface to connect to an external 

distributor 
z Generic Timers supporting 64-bit count input from an external system counter 
7KH�FRQILJXUDWLRQ�GHWDLOV�DUH�VKRZQ�LQ�IROORZLQJ�WDEOHV 

Table 4-1CPU Configuration 
1XPEHU�RI�&38 � 
/��,�FDFKH�VL]H ��. 
/��'�FDFKH�VL]H ��. 
/��FDFKH�VL]H � 
/��FDFKH�VL]H ���. 
/��GDWD�5$0�RXWSXW�ODWHQF\ ��F\FOHV 
/��GDWD�5$0�LQSXW�ODWHQF\ ��F\FOHV 
&38�FDFKH�SURWHFWLRQ <HV 
'68�/��FDFKH�SURWHFWLRQ <HV 
%86�PDVWHU�LQWHUIDFH $;,� 
1(21�DQG�IORDWLQJ�SRLQW�VXSSRUW <HV 
&U\SWRJUDSK\�H[WHQVLRQ <HV 

4.2 Block Diagram 
7KH�&RUWH[�$���VXEV\VWHP�LV�VKRZQ�LQ�)LJXUH������$V�LOOXVWUDWHG��TXDG�FRUH�&RUWH[�$���
FRQQHFWV�WR�V\VWHP�EXV�WKURXJK�'68�/��ZKLFK�FDQ�KDQGOH�ZLWK�&'&�FORFN�GRPDLQ�FURVVLQJ��
LVVXH� 
7KH�&RUWH[�$���LV�FRQQHFWHG�ZLWK�V\VWHP�FRXQWHU��ZKLFK�FDQ�UXQ�XQGHU�D�FRQVWDQW�IUHTXHQF\�
FORFN��IRU�33,�LQWHUUXSW�JHQHUDWLRQ� 
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Cortex-A55 
Core

NEON

FPU

32K I-Cache 32K D-Cache

Core 0

Cortex-A55 
Core

NEON

FPU

32K I-Cache 32K D-Cache

Core 1

DSU-L3

Quad Core Cluster

Cortex-A55 
Core

NEON

FPU

32K I-Cache 32K D-Cache

Core 2

Cortex-A55 
Core

NEON

FPU

32K I-Cache 32K D-Cache

Core 3

 
Fig. 4-1 Block Diagram 

4.3 Function Description 
3OHDVH�UHIHU�WR�WKH�GRFXPHQW�FRUWH[BD��BU�S�BWUP�SGI�IRU�WKH�GHWDLO�IXQFWLRQ�GHVFULSWLRQ� 
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Chapter 5 Embedded SRAM 
5  

5.1 Overview 
7KHUH�DUH�WZR�HPEHGGHG�65$0V��6<67(0B65$0�DQG�308B65$0� 
5.1.1 )HDWXUHV�VXSSRUWHG 
z SYSTEM_SRAM 

� 3URYLGH���.%�DFFHVV�VSDFH 
� 6XSSRUW�VHFXULW\�DQG�QRQ�VHFXULW\�DFFHVV�  
� 6HFXUH�RU�QRQ�VHFXUH�VSDFH�LV�VRIWZDUH�SURJUDPPDEOH 

z PMU_SRAM 
� 3URYLGH��.%�DFFHVV�VSDFH 
� 6XSSRUW�VHFXUH�DFFHVV�RQO\ 

5.2 Block Diagram 

System Interconnect

CPU

SRAM

AXI Slave
Interface

firewall

SRAM

AHB Slave
Interface

SYSTEM_SRAM PMU_SRAM

secure

 
Fig. 5-1 Embedded SRAM block diagram 

SYSTEM_SRAM

Region1
rgn1_top

rgn1_base

Region0
rgn0_top

rgn0_base
0KB

64KB rgn0_base = SGRF_SOC_CON10[3:0] * 4KB
rgn0_top   = SGRF_SOC_CON10[7:4] * 4KB
rgn1_base = SGRF_SOC_CON10[11:8] * 4KB
rgn1_top   = SGRF_SOC_CON10[15:12] * 4KB
Note: The space outside region0 and region1 
is non-secure

rgn0  security enable = SGRF_SOC_CON11[0]
rgn1  security enable = SGRF_SOC_CON11[1]
Note: 1'b0Ænon-security; 1'b1Æsecurity

 

rgn0_base = SGRF_SOC_CON10[3:0] * 4KB
rgn0_top   = (SGRF_SOC_CON10[7:4]+1) * 4KB
rgn1_base = SGRF_SOC_CON10[11:8] * 4KB
rgn1_top   = (SGRF_SOC_CON10[15:12]+1) * 4KB
Note: The spave outside region0 and region1 is non-secure

Region0 security enable = SGRF_SOC_CON11[0]
Region1 security enable = SGRF_SOC_CON11[1]
Note: 1'b0 Æ non-secure; 1'b1 Æ secure

 
Fig. 5-2 SYSTEM_SRAM Security Configuration 

5.3 Function Description 
5.3.1 $;,�VODYH�LQWHUIDFH�RI�6<67(0B65$0 
7KH�$;,�VODYH�LQWHUIDFH�LV�EULGJH�ZKLFK�WUDQVODWHV�$;,�EXV�DFFHVV�WR�65$0�LQWHUIDFH�RI�
6<67(0B65$0� 
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5.3.2 $+%�VODYH�LQWHUIDFH�RI�308B65$0 
7KH�$+%�VODYH�LQWHUIDFH�LV�EULGJH�ZKLFK�WUDQVODWHV�$+%�EXV�DFFHVV�WR�65$0�LQWHUIDFH�RI�
308B65$0� 
 
5.3.3 (PEHGGHG�65$0�DFFHVV�SDWK 
7KH�6<67(0B65$0�FDQ�RQO\�EH�DFFHVVHG�E\�&RUWH[�$����0&8��&5<372��'&)�DQG�'0$&��7KH�
308B65$0�FDQ�RQO\�EH�DFFHVVHG�E\�&RUWH[�$����0&8��&5<372��'&)�DQG�'0$&� 
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Chapter 6 GPU(Graphics Process Unit) 
6  

6.1 Overview 
7KH�0DOL�*RQGXO�*38�LV�D�JUDSKLFV�DFFHOHUDWLRQ�SODWIRUP�WKDW�LV�EDVHG�RQ�RSHQ�VWDQGDUGV��,W�
VXSSRUWV��'�JUDSKLFV���'�JUDSKLFV��DQG�*HQHUDO�3XUSRVH�FRPSXWLQJ�RQ�*38��*3*38�� 
7KH�*38�KDUGZDUH�DQG�VRIWZDUH�VXSSRUW�FRPSXWH�VWDQGDUGV�DQG�JUDSKLFV�$3, 
VWDQGDUGV� 
7KH�*38�VXSSRUWV�WKHVH�FRPSXWH�$3,�VWDQGDUGV� 
� OpenCL 2.0 Full Profile. 
7KH�*38�VXSSRUWV�WKHVH�JUDSKLFV�$3,�VWDQGDUGV� 
� OpenGLES 1.1, 2.0, and 3.2. 
� Vulkan 1.0 and 1.1. 
7KH�$UP�0DOL�*RQGXO�*38�KDV�VLJQLILFDQW�IHDWXUHV�DQG�SURSHUWLHV� 
� Compressed texture formats. 
� Arm Frame Buffer Compression (AFBC) 1.2 
� 8-bit, 10-bit and 16-bit YUV input and output formats 
� L2 cache:128KB 
� Support one Shader core and two execution engines 
 

6.2 Block Diagram 

 
 

Fig. 6-1 GPU Architecture 

6.3 Function Description 
3OHDVH�UHIHU�WR�WKH�GRFXPHQW�³ARM_Gondul_r1p0_00eac0_TechnicalReferenceMDQXDO�SGI´�
for the GPU detail description. 

6.4 Register Description 
3OHDVH�UHIHU�WR�WKH�GRFXPHQW�³$50B*RQGXOBU�S�B��HDF�B7HFKQLFDO5HIHUHQFH0DQXDO�SGI´�IRU�
WKH�*38�GHWDLO�GHVFULSWLRQ� 
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Chapter 7 Power Management Unit (PMU) 
7  

7.1 Overview 
,Q�RUGHU�WR�PHHW�ORZ�SRZHU�UHTXLUHPHQWV��D�SRZHU�PDQDJHPHQW�XQLW��308��LV�GHVLJQHG�IRU�
FRQWUROOLQJ�SRZHU�UHVRXUFHV�LQ�5.������7KH�5.�����308�LV�GHGLFDWHG�IRU�PDQDJLQJ�WKH�
SRZHU�RI�WKH�ZKROH�FKLS� 
308�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�PXOWL�YROWDJH�GRPDLQV��9'B&25(��9'B/2*,&��9'B308ˈ9'B*38�9'B138 
z 6XSSRUW�PXOWL�SRZHU�GRPDLQV�LQ�9'B&25(�3'B&38B���3'B&38B���3'B&38B���

3'B&38B� 
z 6XSSRUW�PXOWL�SRZHU�GRPDLQV�LQ�9'B/2*,&��3'B938��3'B5*$��3'B&(17(5��3'B9,��

3'B92��3'B5.9'(&��3'B5.9(1&��3'B3,3( 
z 6XSSRUW�3'B138�DFW�DV�SRZHU�GRPDLQ�RU�YROWDJH�GRPDLQ 
z 6XSSRUW%,8�LGOH�RSHUDWLRQV��%,8B06&+��%,8B*38��%,8B138��%,8B9,��%,8B92��

%,8B5*$��%,8B938��%,8B5.9'(&�%,8B5.9(1&��%,8B*,&B$8',2��
%,8B6(&85(B)/$6+�%,8B3+3�%,8B3(5,0,'�%,8B3,3(�%,8B86%��%,8B308��%,8B%86��
%,8B723���%,8B723� 

z 6XSSRUW�&38�DXWR�SRZHU�GRZQ�DQG�'68�DXWR�SRZHU�GRZQ 
z 6XSSRUW�&38�DXWR�UHWHQWLRQ�DQG�'68�DXWR�UHWHQWLRQ 
z 6XSSRUW�&38�DXWR�HPXODWLRQ�RII�DQG�&38�DXWR�GHEXJ�UHFRYHU\ 
z 6XSSRUW�SRZHU�GRZQ�XS�DOO�SRZHU�GRPDLQV�E\�VRIWZDUH�RU�KDUGZDUH 
z 6XSSRUW�SRZHU�GRZQ�XS�DOO�YROWDJH�GRPDLQV�E\�VRIWZDUH�RU�KDUGZDUH 
z 6XSSRUW�WR�VHQG�LGOH�UHTXHVW�WR�%,8 
z 6XSSRUW�JOREDO�LQWHUUXSW�GLVDEOHLQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�ORZ�IUHTXHQF\�FORFN�VRXUFH�IURP�3970 
z 6XSSRUW�308FORFN�VZLWFK�WR�ORZ�IUHTXHQF\FORFN�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�3//VSRZHU�GRZQ�XS�E\�KDUGZDUH�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�26&�HQDEOH�GLVDEOH�UHTXHVW�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUWWR�FODPS�DOO�9'B308�LQSXW�EHIRUH�SRZHU�RII�9'B/2*,&�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�ZDNHXS�UHVHW�FRQWURO�LQ�SRZHU�RII�PRGH 
z 6XSSRUW�''5�VHOI�UHIUHVK�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�''5�FRQWUROOHU�FORFN�DXWR�JDWLQJ�LQ�ORZ�SRZHU�PRGH 
z 6XSSRUW�YDULHV�FRQILJXUDEOH�ZDNHXS�VRXUFH�IRU�ORZ�SRZHU�PRGH 

7.2 Block Diagram 
7KH�IROORZLQJ�ILJXUH�LV�WKH�308�EORFN�GLDJUDP��7KH�308�LQFOXGHV�WKH���IROORZLQJ�VHFWLRQV� 
z APB Interface and Register:Provide AMBA APB interface for registerread and write 
z System Power State Control:Provide power management for various low power modes 
z Power Gating Control:Provide power gating control for power domains 
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APB
Interface

And
Register

System Power 
State Control

Power Gating
Control

APB Bus

 
Fig.7-1PMU Bock Diagram 

7.3 Function Description 
7.3.1 'RPDLQ3DUWLWLRQ 

 
 

 
Fig.7-2RK3568Voltage Domain and Power Domain Partition 

7KH�DERYH�GLDJUDP�GHVFULEHV�WKH�SRZHU�GRPDLQ�DQG�YROWDJH�GRPDLQ�SDUWLWLRQ��DQG�WKH�
IROORZLQJ�WDEOH�OLVWV,3V�LQ�HYHU\�SRZHU�GRPDLQ� 
 

Table 7-1RK3568 Voltage Domain and Power Domain Summary 
9ROWDJH�'RPDLQ 3RZHU�'RPDLQ 'HVFULSWLRQ 

9'B&25( 

3'B&38B� &38�&25(�� 
3'B&38B� &38�&25(�� 
3'B&38B� &38�&25(�� 
3'B&38B� &38�&25(�� 

$/,9( %,8B&38�  
'68�/��'$3 

PD_A55_0 PD_A55_1

PD_A55_2 PD_A55_3

VD_CORE

VD_PMU

PD_VI

VD_LOGIC

PD_VO

PD_RKVDEC

PD_VPU

PD_RGA

PD_PIPE

PD_RKVENC

Note˖ 
VD_* :  voltage domain
PD_* :  power domain

PD_NPU

VD_NPU

VD_GPU

RK3568 Voltage Domain & Power Domain

PD_CENTER
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9ROWDJH�'RPDLQ 3RZHU�'RPDLQ 'HVFULSWLRQ 
3970�3973// 

93B308 3'B308 

%,8B308 
+3//�33// 
308B65$0 
6*5) 
308 
308&58 
308*5) 
,�&� 
*3,2� 
3970 
8$57� 
3:0� 

9'B138 3'B138 
%,8B138 
5.11 
3970�3973// 

9'B*38 3'B*38 
%,8B*38 
*�� 
3970�3973// 

9'B/2*,& 

3'B9, 

%,8B9, 
,63 
9,&$3 
&6,+267 

3'B92 

%,8B92 
923 
+'0,�+'&3 
'6,+267 
('3 

3'B5*$ 

%,8B5*$ 
5*$ 
,(3 
-3(*B'(&�-3(*B(1& 
(%& 

3'B938 %,8B938 
938 

3'B&(17(5 

%,8B06&+ 
''5B80&7/� 
''5B'),&7/ 
''5B021,725 
''5B6&5$0%/( 
$;,B63/,7 
''5B*5) 
06&+ 

3'B5.9'(& %,8B5.9'(& 
5.9'(& 

3'B5.9(1& %,8B5.9(1& 
5.9(1& 

3'B3,3( 

%,8B3,3( 
86%�27* 
3&,(�� 
3&,(�� 
6$7$ 
;3&6 
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9ROWDJH�'RPDLQ 3RZHU�'RPDLQ 'HVFULSWLRQ 

$/,9( 

%,8B6(&85(B)/$6+ 
&5<372�273& 
6<67(0B65$0�%227520 
'&)��67,0(5B�&+ 
:'7B6 
(00& 
1$1'& 
6)& 
%,8B*,&B$8',2 
*,&��� 
63,1/2&. 
,�6�a� 
63',) 
3'0 
DXGLR3:0 
$&'&B',* 
%,8B3+3 
*0$&� 
6'00&�a� 
%,8B86% 
*0$&� 
6'00&� 
86%+267�a� 
%,8B%86 
0&8 
'0$& 
*5)��6*5) 
,�&��������� 
7,0(5B�&+ 
:'7 
*3,2������� 
63,����� 
8$57�a� 
3:0����� 
&$1�a� 
76$'&�6$5$'& 
''53+< 
'6,3+<��&6,3+<��+'0,3+< 
86%B6$7$B3&,(��B&20%2B3+< 
3&,(��3+< 
6$5$'&�3+<��76$'&B3+< 
2733+< 
$3//��&3//��'3//��*3//��
03//�13//�93// 
%,8B723 
&58 

 
7.3.2 2SHUDWLRQ�0RGH 
)LUVW�RI�DOO��ZH�GHILQH�WZR�RSHUDWLRQ�PRGHV�RI�308��QRUPDO�PRGH�DQG�ORZ�SRZHU�PRGH� 
:KHQ�RSHUDWLQJ�DW�QRUPDO�PRGH��WKDW�PHDQV�VRIWZDUH�FDQ�PDQDJH�SRZHU�VRXUFHV�GLUHFWO\�
E\�DFFHVVLQJ�308�UHJLVWHUV��)RU�H[DPSOH��&38�FDQ�ZULWH�308B3:5B*$7(B&21�UHJLVWHU�WR�
GHWHUPLQH�WKDW�SRZHU�RII�RQ�ZKLFK�SRZHU�GRPDLQ�LQGHSHQGHQWO\� 
:KHQ�RSHUDWLQJ�DW�ORZ�SRZHU�PRGH��VRIWZDUH�PDQDJHV�SRZHU�VRXUFHV�LQGLUHFWO\�WKURXJK�
)60��)LQLWH�6WDWHV�0DFKLQH��LQ�308�DQG�WKRVH�VHWWLQJV�DOZD\V�QRW�WDNH�HIIHFW�LPPHGLDWHO\��
7KDW�PHDQV�VRIWZDUH�DOVR�FDQ�FRQILJXUH�308�UHJLVWHUV�WR�SRZHU�GRZQ�XS�VRPH�SRZHU�
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UHVRXUFHV��EXW�WKHVH�VHWWLQJ�ZLOO�QRW�EH�H[HFXWHG�LPPHGLDWHO\�DIWHU�FRQILJXUDWLRQ��7KH\�ZLOO�
EH�GHOD\HG�WR�H[HFXWH�DIWHU�)60�UXQQLQJ�LQ�SDUWLFXODU�SKDVH��  
7R�HQWHU�ORZ�SRZHU�PRGH��DIWHU�VHWWLQJ�VRPH�SRZHU�FRQILJXUDWLRQV��WKH�308B3:5B&21>�@�
ELW�PXVW�EH�VHW���WR�HQDEOH�308�)60��7KHQ�&38�QHHGV�WR�H[HFXWH�D�:),�FRPPDQG�WR�
SHUIRUP�UHDG\�VLJQDO��$IWHU�308�GHWHFWV�DOO�&38V�LQ�:),�VWDWXV��WKH�)60�ZLOO�EH�IHWFKHG��$QG�
WKH�VSHFLILF�SRZHU�VRXUFHV�ZLOO�EH�FRQWUROOHG�GXULQJ�VSHFLILF�VWDWXV�LQ�)60��6R�WKH�ORZ�SRZHU�
PRGH�LV�D�³GHOD\�DIIHFW´�ZD\�WR�KDQGOH�SRZHU�VRXUFHV�LQVLGH�WKH�5.�����FKLS� 

7.4 Register Description  
7.4.1 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

308B9(56,21 �[���� : �[�������� 9HUVLRQ 
308B3:5B&21 �[���� : �[�����(�& 0DLQ�SRZHU�FRQWURO 
308B0$,1B3:5B67$7( �[���� : �[�������� 0DLQ�SRZHU�VWDWH 
308B,17B0$6.B&21 �[���& : �[�������� ,QWHUUUXSW� �PDVN�FRQWURO 
308B:$.(83B,17B&21 �[���� : �[�������� :DNHXS�LQWHUUXSW�FRQWURO 
308B:$.(83B,17B67 �[���� : �[�������� :DNHXS�LQWHUUXSW�VWDWH 
308B:$.(83B('*(B&2
1 �[���� : �[�������� :DNHXS�HGJH�FRQWURO 
308B:$.(83B('*(B67 �[���& : �[�������� :DNHXS�HGJH�VWDWH 
308B%86B,'/(B&21� �[���� : �[�������� %XV�LGOH�FRQWURO�UHJLVWHU�� 
308B%86B,'/(B&21� �[���� : �[�������� %XV�LGOH�FRQWURO�UHJLVWHU�� 
308B%86B,'/(B6)7&21� �[���� : �[�������� %XV�LGOH�VRIWZDUH�FRQWURO�UHJLVWHU�� 
308B%86B,'/(B6)7&21� �[���� : �[�������� %XV�LGOH�VRIWZDUH�FRQWURO�UHJLVWHU�� 
308B%86B,'/(B$&. �[���� : �[�������� %XV�LGOH�DFNQRZOHGJH 
308B%86B,'/(B67 �[���� : �[�������� %XV�LGOH�VWDWH 
308B12&B$872B&21� �[���� : �[�������� 12&�DXWR�PDVN�FRQWURO�UHJLVWHU�� 
308B12&B$872B&21� �[���� : �[�������� 12&�DXWR�PDVN�FRQWURO�UHJLVWHU�� 
308B''5B3:5B&21 �[���� : �[�������� ''5�SRZHU�FRQWURO 
308B''5B3:5B6)7&21 �[���� : �[�������� ''5�SRZHU�VRIWZDUH�FRQWURO 
308B''5B3:5B67$7( �[���� : �[�������� ''5�SRZHU�IVP 
308B''5B3:5B67 �[���& : �[�������� ''5�SRZHU�VWDWH 
308B3:5B*$7(B&21 �[���� : �[�������� 3RZHU�JDWH�FRQWURO 
308B3:5B*$7(B67$7( �[���� : �[�������� 3RZHU�JDWH�IVP 
308B3:5B':1B67 �[���� : �[�������� 3RZHU�GRZQ�VWDWH 
308B3:5B*$7(B6)7&21 �[��$� : �[�������� 3RZHU�JDWH�VRIWZDUH�FRQWURO 
308B92/B*$7(B6)7&21 �[��$� : �[�������� 9ROWDJH�GRPDLQ�JDWH�FRQWURO 
308B&58B3:5B&21 �[��%� : �[�������� &58�SRZHU�FRQWURO 
308B&58B3:5B6)7&21 �[��%� : �[�������� &58�SRZHU�VRIWZDUH�FRQWURO 
308B&58B3:5B67$7( �[��%� : �[�������� &58�SRZHU�IVP 
308B3//3'B&21 �[��&� : �[�������� 3//�SRZHU�GRZQ�FRQWURO 
308B3//3'B6)7&21 �[��&� : �[�������� 3//�SRZHU�GRZQ�VRIWZDUH�FRQWURO 
308B,1)2B7;B&21 �[��'� : �[�������� 'HEXJ�FRQWURO 
308B'68B67$%/(B&17 �[���� : �[���))))) '68�VWDEOH�FRXQWHU 
308B30,&B67$%/(B&17 �[���� : �[���))))) 30,&�VWDEOH�FRXQWHU 
308B26&B67$%/(B&17 �[���� : �[���))))) 26&�VWDEOH�FRXQWHU 
308B:$.(83B567&/5B&
17 �[���& : �[���))))) :DNHXS�VWDEOH�FRXQWHU 
308B3//B/2&.B&17 �[���� : �[���))))) 3//�ORFN�FRXQWHU 
308B'68B3:583B&17 �[���� : �[�����'&� '68�SRZHUXS�VWDEOH�FRXQWHU 
308B'68B3:5'1B&17 �[���& : �[�����'&� '68�SRZHU�GRZQ�VWDEOH�FRXQWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

308B*38B92/83B&17 �[���� : �[�������) *38�SRZHUXS�VWDEOH�FRXQWHU 
308B*38B92/'1B&17 �[���� : �[�������) *38�SRZHU�GRZQ�VWDEOH�FRXQWHU 
308B:$.(83B7,0(287B
&17 �[���� : �[�����'&� :DNHXS�WLPHRXW�FRXQWHU 
308B3:0B6:,7&+B&17 �[���& : �[���))))) 3:0�VZLWFK�FRXQWHU 
308B'%*B567B&17 �[���� : �[���))))) 'HEXJ�UHVHW�FRXQWHU 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���& : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���� : �[�������� 6\VWHP�UHJLVWHU�� 
308B6<6B5(*� �[���& : �[�������� 6\VWHP�UHJLVWHU�� 
308B'68B3:5B&21 �[���� : �[�������� '68�SRZHU�FRQWURO 
308B'68B3:5B6)7&21 �[���� : �[�������� '68�SRZHU�VRIWZDUH�FRQWURO 
308B'68B$872B&21 �[���� : �[�������� '68�DXWR�SRZHU�FRQWURO 
308B'68B3:5B67$7( �[���& : �[�������� '68�SRZHU�IVP 
308B&38B$872B3:5B&2
1� �[���� : �[�������� &38�DXWR�SRZHU�FRQWURO�UHJLVWHU�� 
308B&38B$872B3:5B&2
1� �[���� : �[�������� &38�DXWR�SRZHU�FRQWURO�UHJLVWHU�� 
308B&38B3:5B6)7&21 �[���� : �[�������� &38�SRZHU�VRIWZDUH�FRQWURO 
308B&/867(5B3:5B67 �[���& : �[�������� &OXVWHU�SRZHU�VWDWH 
308B&/867(5B,'/(B&21 �[���� : �[�������� &OXVWHU�LGOH�FRQWURO 
308B&/867(5B,'/(B6)7
&21 �[���� : �[�������� &OXVWHU�LGOH�VRIWZDUH�FRQWURO 
308B&/867(5B,'/(B$&. �[���� : �[�������� &OXVWHU�LGOH�DFNQRZOHGJH 
308B&/867(5B,'/(B67 �[���& : �[�������� &OXVWHU�LGOH�VWDWH 
308B'%*B3:5B&21 �[���� : �[�������� &38�'HEXJ�ZDNHXS�FRQWURO 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
7.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
308B9(56,21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� YHUVLRQ 308�YHUVLRQ�QXPEHU 
 
308B3:5B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
SPXBVOHHSBSRO 
SPXBVOHHS�SRODULW\�VHOHFWLRQ� 
�
E���+LJK�DFWLYH 
�
E���/RZ�DFWLYH 

����� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[H 

FSXBE\SDVV 
%\SDVV�&38�LQ�ORZ�SRZHU�SURFHGXUH��(DFK�ELW�UHSUHVHQWV�D�FSX�
FRUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FUXBE\SDVV 
%\SDVV�&58�LQ�ORZ�SRZHU�SURFHGXUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SZUGQBE\SDVV 
%\SDVV�SRZHU�GRPDLQ�LQ�ORZ�SRZHU�SURFHGXUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GGUBE\SDVV 
%\SDVV�''5�LQ�ORZ�SRZHU�SURFHGXUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
EXVBE\SDVV 
%\SDVV�EXV�LGOH�LQ�ORZ�SRZHU�SURFHGXUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 
 

� 5: �[� 
GVXBE\SDVV 
%\SDVV�'68�LQ�ORZ�SRZHU�SURFHGXUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

SRZHUPRGHBHQ 
/RZ�SRZHU�PRGH�HQDEOH��:KHQ�FRQWUROOHU�HQWHUV�ORZ�SRZHU�IORZ��
WKLV�ELW�LV�DXWRPDWLFDOO\�FOHDUHG� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B0$,1B3:5B67$7( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[� 

SPXBSRZHUBVWDWH 
308�PDLQ�SRZHU�VWDWH� 
�
K���1RUPDO�VWDWH 
�
K���'68�ORZ�SRZHU�VWDWH 
�
K���%XV�ORZ�SRZHU�VWDWH 
�
K���''5�ORZ�SRZHU�VWDWH 
�
K���3RZHU�JDWLQJ�ORZ�SRZHU�VWDWH 
�
K���&ORFN�DQG�UHVHW�ORZ�SRZHU�VWDWH 
�
K���VOHHS�VWDWH 
�
K���&ORFN�DQG�UHVHW�DFWLYH�VWDWH 
�
K���3RZHU�JDWLQJ�DFWLYH�VWDWH 
�
KD��''5�DFWLYH�VWDWH 
�
KE��%XV�DFWLYH�VWDWH 
�
KG��'68�DFWLYH�VWDWH 
�
GH��&25(�DFWLYH�VWDWH 
2WKHUV��5HVHUYHG 

 
308B,17B0$6.B&21 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
ZDNHXSBPFXBVIW 
:ULWH���WR�WKLV�ELW�WR�ZDNHXS�SPX�ZKHQ�:$.(83B,17B&21>��@�LV�
VHW 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
JOEBLQWBGLVDEOH 
*OREDO�LQWHUUXSW�GLVDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B:$.(83B,17B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
ZDNHXSBPFXBVIWBHQ 
(QDEOH�PFXVIW�VRXUFH�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZDNHXSBWLPHRXWBHQ 
(QDEOH�308�WLPHRXW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZDNHXSBSZP�BHQ 
(QDEOH�3:0��GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZDNHXSBWLPHUBHQ 
(QDEOH�7,0(5�GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZDNHXSBYDGBHQ 
(QDEOH�9$'�GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
ZDNHXSBSFLHBHQ 
(QDEOH�3&,(�GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBXVEBHQ 
(QDEOH�86%�GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBVGPPF�BHQ 
(QDEOH�6'00&��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBVGPPF�BHQ 
(QDEOH�6'00&��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
ZDNHXSBVGPPF�BHQ 
(QDEOH�6'00&��GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBXDUW�BHQ 
(QDEOH�8$57��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBJSLR�BLQWBHQ 
(QDEOH�*3,2��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBFSX�BLQWBHQ 
(QDEOH�&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBFSX�BLQWBHQ 
(QDEOH�&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBFSX�BLQWBHQ 
(QDEOH�&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
ZDNHXSBFSX�BLQWBHQ 
(QDEOH�&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B:$.(83B,17B67 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
ZDNHXSBV\VBLQWBVW 
0&8�VIW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

�� 52 �[� 
ZDNHXSBWLPHRXWBLQWBVW 
308�WLPHRXW�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

�� 52 �[� 
ZDNHXSBSZP�BLQWBVW 
3:0��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

�� 52 �[� 
ZDNHXSBWLPHUBLQWBVW 
7,0(5�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

�� 52 �[� 
ZDNHXSBYDGBLQWBVW 
9$'�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
ZDNHXSBSFLHBLQWBVW 
3&,(�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBXVEBLQWBVW 
86%�GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBVGPPF�BLQWBVW 
6'00&��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBVGPPF�BLQWBVW 
6'00&��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBVGPPF�BLQWBVW 
6'00&��GHWHFW�LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBXDUW�BLQWBVW 
8$57��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBJSLR�BLQWBVW 
*3,2��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBFSX�BLQWBVW 
&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBFSX�BLQWBVW 
&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBFSX�BLQWBVW 
&38��LQWHUUXSW�ZDNHXS�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
ZDNHXSBFSX�BLQWBVW 
&38��LQWHUUXSW�DV�ZDNHXS�VRXUFH�VWDWXV� 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
308B:$.(83B('*(B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

HGJHBZDNHXSBHQ 
(QDEOH�ERWK�SRVHGJH�DQG�QHJHGJH�RI�*3,2��SLQV�DV�ZDNHXS�
VRXUFH��(DFK�SLQ�KDV�LQGHSHQGHQW�FRQWURO�ELW��  
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B:$.(83B('*(B67 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :�& �[�������� 

HGJHBVWDWXV 
(GJH�LQWHUUXSW�ZDNHXS�VWDWXV��(DFK�SLQ�KDV�LQGHSHQGHQW�FRQWURO�
ELW��  
�
E���,QDFWLYH 
�
E���$FWLYH 

 
308B%86B,'/(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
LGOHBUHTBEXV 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B%86�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBXVE 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B86%�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSHULPLG 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3(5,0,'�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

LGOHBUHTBVHFXUHBIODVK 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B6(&85(B)/$6+�E\�
KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSLSH 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3,3(�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSKS 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3+3�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBJLFBDXGLR 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B*,&B$8',2�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBUNYGHF 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5.9'(&�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBUNYHQF 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5.9(1&�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B938�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
LGOHBUHTBUJD 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5*$�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYR 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B92�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYL 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B9,�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBQSX 
(QDEOH�VHQGLQJ�LGOH�UHTXHVW�WR�%,8B138�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBJSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B*38�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBPVFK 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B06&+�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B%86B,'/(B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
LGOHBUHTBSPX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B308�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBWRS� 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B723��E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBWRS� 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B723��E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B%86B,'/(B6)7&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
LGOHBUHTBEXV 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B%86�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBXVE 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B86%�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSHULPLG 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3(5,0,'�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

LGOHBUHTBVHFXUHBIODVK 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B6(&85(B)/$6+�E\�
VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSLSH 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3,3(�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
LGOHBUHTBSKS 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B3+3�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBJLFBDXGLR 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B*,&B$8',2�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBUNYGHF 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5.9'(&�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBUNYHQF 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5.9(1&�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B938�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBUJD 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B5*$�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYR 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B92�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBYL 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B9,�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
LGOHBUHTBQSX 
(QDEOH�VHQGLQJ�LGOH�UHTXHVW�WR�%,8B138�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBJSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B*38�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBPVFK 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B06&+�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B%86B,'/(B6)7&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
LGOHBUHTBSPX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B308�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBWRS� 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B723��E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBWRS� 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B723��E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B%86B,'/(B$&. 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
LGOHBDFNBSPX 
%,8B308�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBWRS� 
%,8B723��EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBWRS� 
%,8B723��EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBEXV 
%,8B%86�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 52 �[� 
LGOHBDFNBXVE 
%,8B86%�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBSHULPLG 
%,8B3(5,0,'�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBVHFXUHBIODVK 
%,8B6(&85(B)/$6+�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBSLSH 
%,8B3,3(�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

�� 52 �[� 
LGOHBDFNBSKS 
%,8B3+3�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBJLFBDXGLR 
%,8B*,&B$8',2�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBUNYGHF 
%,8B5.9'(&�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBUNYHQF 
%,8B5.9(1&�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBYSX 
%,8B938�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBUJD 
%,8B5*$�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBYR 
%,8B92�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBYL 
%,8B9,�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBQSX 
%,8B138�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
LGOHBDFNBJSX 
%,8B*38�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

� 52 �[� 
LGOHBDFNBPVFK 
%,8B06&+�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

 
308B%86B,'/(B67 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
LGOHBSPX 
%,8B308�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBWRS� 
%,8B723��LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBWRS� 
%,8B723��LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBEXV 
%,8B%86�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBXVE 
%,8B86%�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBSHULPLG 
%,8B3(5,0,'�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBVHFXUHBIODVK 
%,8B6(&85(B)/$6+�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBSLSH 
%,8B3,3(�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

�� 52 �[� 
LGOHBSKS 
%,8B3+3�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBJLFBDXGLR 
%,8B*,&B$8',2�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
LGOHBUNYGHF 
%,8B5.9'(&�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBUNYHQF 
%,8B5.9(1&�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBYSX 
%,8B938�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBUJD 
%,8B5*$�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBYR 
%,8B92�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBYL 
%,8B9,�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBQSX 
%,8B138�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBJSX 
%,8B*38�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

� 52 �[� 
LGOHBPVFK 
%,8B06&+�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

 
308B12&B$872B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 

DXWRBLGOHBEXV 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B%86�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

DXWRBLGOHBXVE 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B86%�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

DXWRBLGOHBSHULPLG 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B3(5,0,'�FRUUHVSRQGLQJ�FORFN�
FDQ�EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

DXWRBLGOHBVHFXUHBIODVK 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B6(&85(B)/$6+�FRUUHVSRQGLQJ�
FORFN�FDQ�EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

DXWRBLGOHBSLSH 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B3,3(�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 

DXWRBLGOHBSKS 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B3+3�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBJLFBDXGLR 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B*,&B$8',2�FRUUHVSRQGLQJ�
FORFN�FDQ�EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBUNYGHF 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B5.9'(&�FRUUHVSRQGLQJ�FORFN�
FDQ�EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBUNYHQF 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B5.9(1&�FRUUHVSRQGLQJ�FORFN�
FDQ�EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBYSX 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B938�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBUJD 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B5*$�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBYR 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B92�FRUUHVSRQGLQJ�FORFN�FDQ�EH�
RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBYL 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B9,�FRUUHVSRQGLQJ�FORFN�FDQ�EH�
RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

DXWRBLGOHBQSX 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B138�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBJSX 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B*38�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E�����(QDEOH 
2WKHUV��'LVDEOH 

� 5: �[� 

DXWRBLGOHBPVFK 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B06&+�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B12&B$872B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 

DXWRBLGOHBFSX 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B&38�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBSPX 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B308�FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBWRS� 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B723��FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DXWRBLGOHBWRS� 
:KHQ�SHUIRUP�LGOH�RSHUDWLRQ��%,8B723��FRUUHVSRQGLQJ�FORFN�FDQ�
EH�RSHQHG�RU�JDWHG�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B''5B3:5B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GGUSK\BDXWRBJDWLQJBHQD 
(QDEOH�''5�SK\�DXWR�FORFN�JDWLQJ�IXQFWLRQ�SHUIRUPHG�E\�308��
ZKHQ�''5�HQWHU�VHOI�UHIUHVK�VWDWH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GGULRBUHWB�HQD 
(QDEOH�''5�,2�UHWHQWLRQ�DVVHUWHG�SHUIRUPHG�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GGUBVUHIBHQD 
(QDEOH�''5�VHOI�UHIUHVK�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B''5B3:5B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
GGUFWOBDFWLYHBZDLW 
''5�FRQWUROOHU�ZDLWV�IRU�FBDFWLYH�KLJK�DIWHU�FBV\VDFN�KLJK� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBGGULRBUHWBH[LW 
''5�,2�UHWHQWLRQ�H[LW�UHTXHVW�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBGGULRBUHWBUHT 
''5�,2�UHWHQWLRQ�HQWHU�UHTXHVW�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
VZBGGUBVUHIBUHT 
''5�VHOI�UHIUHVK�UHTXHVW�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B''5B3:5B67$7( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 52 �[� 

GGUBSRZHUBVWDWH 
''5�SRZHU�VWDWH� 
�
K���1RUPDO�VWDWH 
�
K���6HOI�UHIUHVK�HQWHU�VWDWH 
�
K���,2�UHWHQWLRQ�VWDWH 
�
K���6OHHS�VWDWH 
�
K���,2�UHWHQWLRQ�H[LW�VWDWH 
�
K���6HOI�UHIUHVK�H[LW�VWDWH 
2WKHUV��5HVHUYHG 

 
308B''5B3:5B67 
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 
GGULRBUHW 
''5�,2�UHWHQWLRQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
GGUFWOBFBDFWLYH 
GGUFWOFBDFWLYH�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
GGUFWOBFBV\VDFN 
GGUFWOFBV\VDFN�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
308B3:5B*$7(B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
SGBFHQWHUBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B&(17(5�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBSLSHBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B3,3(�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYRBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B92�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYLBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B9,�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUJDBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5*$�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUNYGHFBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5.9'(&�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUNYHQFBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5.9(1&�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B938�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SGBQSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B138�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBJSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B*38�E\�308�DXWRPDWLFDOO\� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B3:5B*$7(B67$7( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 52 �[� 

SRZHUBJDWHBVWDWH 
3RZHU�GRPDLQ�VWDWH�PDFKLQH�VWDWXV� 
�
K���1RUPDO�VWDWH 
�
K���3RZHU�GRZQ�VWDUW 
�
K���3RZHU�GRZQ�VHOHFWHG�GRPDLQ 
�
K���:DLW�VWDWH 
�
K���3RZHU�XS�VWDUW 
�
K���3RZHU�XS�UXQQLQJ�VHOHFWHG�GRPDLQ 
2WKHUV��5HVHUYHG 

 
308B3:5B':1B67 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� 52 �[� 
SGBFHQWHUBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B&(17(5� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBSLSHBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B3,3(� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBYRBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B92� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBYLBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B9,� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBUJDBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B5*$� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBUNYGHFBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B5.9'(&� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBUNYHQFBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B5.9(1&� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
SGBYSXBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B938� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBQSXBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B138� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

� 52 �[� 
SGBJSXBGZQBVWDW 
7KH�SRZHU�VWDWXV�RI�3'B*38� 
�
E���3RZHU�XS 
�
E���3RZHU�GRZQ 

 
308B3:5B*$7(B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[�� UHVHUYHG 

� 5: �[� 
SGBFHQWHUBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B&(17(5�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBSLSHBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B3,3(�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYRBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B92�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYLBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B9,�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUJDBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5*$�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUNYGHFBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5.9'(&�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBUNYHQFBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B5.9(1&�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBYSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B938�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SGBQSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B138�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBJSXBGZQBHQD 
(QDEOH�SRZHU�GRZQ�3'B*38�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B92/B*$7(B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[���� UHVHUYHG 

� 5: �[� 
YGBQSXBHQD 
(QDEOH�3'B138�DV�D�YROWDJH�GRPDLQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
YGBJSXBHQD 
(QDEOH�3'B*38�DV�D�YROWDJH�GRPDLQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&58B3:5B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
SPXPHPBFONBVUFBJDWHBHQD 
*DWLQJ�3080(0
V�EXV�FORFN�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SGBSPXBFONBVUFBJDWHBHQD 
*DWLQJ�3'B308
V�EXV�FORFN�VRXUFH��ZDNHG�XS�E\�VSHFLDO�*3,2V� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
SGBSHULBFONBVUFBJDWHBHQD 
*DWLQJ�%,8B3(5,
V�EXV�FORFN�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SGBEXVBFONBVUFBJDWHBHQD 
*DWLQJ�%,8B%86
V�EXV�FORFN�VRXUFH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SZPBVZLWFKBLRXW 
3:0�RXWSXW�YDOXH�ZKHQ�SPXBFUXBSZUBFRQ>�@ � 
�
E���RXWSXW�ORZ 
�
E���RXWSXW�KLJK 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SZPBJSLRBLRHBHQD 
3:0�RXWSXW�HQDEOH� 
�
E���RXWSXW�PRGH 
�
E���LQSXW�PRGH 

� 5: �[� 
SZPBVZLWFKBHQD 
3:0�VZLWFK� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SRZHUBRIIBHQD 
&KLS�SRZHU�RII�HQDEOH�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DOLYHBRVFBHQD 
SFONBSPX�VZLWFK�RVFLOODWRU�HQDEOH��:KHQ�DOLYHB��NBHQD�LV�
DVVHUWHG��WKLV�ELW�LV�LJQRUHG� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQSXWBFODPSBHQD 
9'B308�LQSXW�FODPS�HQDEOH�E\�KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

ZDNHXSBUVWBHQD 
:DNHXS�UHVHW�HQDEOH��,I�DVVHUWHG��WKH�ZKROH�FKLS�H[FHSW�,3V�
VXSSRUWLQJ�UHVHW�KROG�IXQFWLRQ�ZLOO�EH�UHVHW� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
RVFBGLVBHQD 
'LVDEOH�RVFLOODWRU�E\�KDUGZDUH� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 

DOLYHB��NBHQD 
(QDEOH�SFONBSPX�DQG�FONBSPX�VZLWFK�WR���.+]�FORFN�E\�
KDUGZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&58B3:5B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
SRZHUBRIIBHQD 
3RZHU�RII�FKLS�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DOLYHBRVFBHQD 
SFONBSPX�VZLWFK�RVFLOODWRU�HQDEOH�E\�VRIWZDUH��:KHQ�
DOLYHB��NBHQD�LV�DVVHUWHG��WKLV�ELW�LV�LJQRUHG� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
LQSXWBFODPSBHQD 
9'B308�LQSXW�FODPS�HQDEOH�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

ZDNHXSBUVWBHQD 
:DNHXS�UHVHW�HQDEOH�E\�VRIWZDUH��5HVHW�WKH�ZKROH�FKLS��H[FHSW�
,3V�VXSSRUWLQJ�UHVHW�KROG�IXQFWLRQ� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
RVFBGLVBHQD 
'LVDEOH�RVFLOODWRU�E\�VRIWZDUH� 
�
E���(QDEOH 
�
E���'LVDEOH 

� 5: �[� 
DOLYHB��NBHQD 
(QDEOH�SFONBSPX�DQG�FONBSPX�VZLWFK�WR���.+]�FORFN�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&58B3:5B67$7( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��%�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[� 

FUXBSRZHUBVWDWH 
&58�SRZHU�PDFKLQH�VWDWH� 
�
K���1RUPDO�VWDWH 
�
K���&ORFN�ORZ�IUHTXHQF\�VWDWH 
�
K���3//�SRZHU�GRZQ�VWDWH 
�
K���,QSXW�FODPS�VWDWH 
�
K���2VFLOODWRU�GLVDEOH�VWDWH 
�
K���&58�VOHHS�VWDWH 
�
K���&58�ZDNHXS�VWDWH 
�
K���2VFLOODWRU�HQDEOH�VWDWH 
�
K���,QSXW�FODPS�UHOHDVH�VWDWH 
�
K���&ORFN�KLJK�IUHTXHQF\�VWDWH 
�
KD��:DNHXS�UHVHW�FOHDU�VWDWH 
�
KE��*3,2�VZLWFK�VWDWH�  
�
KF��3//�SRZHU�XS�VWDWH 
�
KG��3:0�VZLWFK�VWDWH 
2WKHUV��5HVHUYHG 

 
308B3//3'B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
YSOOBSGBHQD 
93//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
SSOOBSGBHQD 
33//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KSOOBSGBHQD 
+3//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
QSOOBSGBHQD 
13//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PSOOBSGBHQD 
03//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
JSOOBSGBHQD 
*3//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSOOBSGBHQD 
&3//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GSOOBSGBHQD 
'3//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
DSOOBSGBHQD 
$3//�SRZHU�GRZQ�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B3//3'B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
YSOOBSGBHQD 
93//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
SSOOBSGBHQD 
33//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KSOOBSGBHQD 
+3//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
QSOOBSGBHQD 
13//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
PSOOBSGBHQD 
03//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
JSOOBSGBHQD 
*3//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSOOBSGBHQD 
&3//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GSOOBSGBHQD 
'3//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
DSOOBSGBHQD 
$3//�SRZHU�GRZQ�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B,1)2B7;B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��'�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[�� 
LQIRBW[BLQWYBWLPH 
7KH�LQWHUYDO�WLPH�IURP���E\WH�VHQGV�RYHU�WR�D�QHZ�E\WH�VHQGV�
VWDUW��7KH�YDOXH�LV�WKH�F\FOH�QXPEHU�FRXQWHG�LQ�FONBSPX 

��� 5: �[� 

LQIRBW[BFRQ 
3RZHU�VWDWH�RXWSXW�VHOHFWLRQ� 
�
K���308B0$,1B3:5B67$7( 
�
K���308B'68B3:5B67$7( 
�
K���308B''5B3:5B67$7( 
�
K���308B3:5B*$7(B67$7( 
�
K���308B&58B3:5B67$7( 
�
K���308B&38�B3:5B67$7( 
�
K���308B&38�B3:5B67$7( 
�
K����308B&38�B3:5B67$7( 
�
K����308B&38�B3:5B67$7( 
2WKHUV��5HVHUYHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 
LQIRBW[BHQ 
'HEXJ�LQIRUPDWLRQ�WUDQVPLW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B'68B67$%/(B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[IIIII VWDEOHBFQW 

'68�SRZHU�VWDEOH�FRXQWHU�IRU�'68�IURP�SRZHU�RII�WR�ZDNHXS 
 
308B30,&B67$%/(B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[IIIII VWDEOHBFQW 

30,&�SRZHU�VWDEOH�FRXQWHU�IRU�&58�IURP�SRZHU�RII�WR�ZDNHXS 
 
308B26&B67$%/(B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[IIIII VWDEOHBFQW 

26&�VWDEOH�FRXQWHU�IRU�26&�IURP�SRZHU�RII�WR�ZDNHXS 
 
308B:$.(83B567&/5B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[IIIII ZDNHXSBUVWFOUBFQW 

6WDEOH�FRXQWHU�IRU�&58�ZDNHXS�UHVHW�FOHDU 
 
308B3//B/2&.B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
���� 5: �[IIIII SOOBORFNBFQW 

/RFN�FRXQWHU�IRU�3//�IURP�SRZHUXS�WR�ORFN 
 
308B'68B3:583B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[��GF� 
VWDEOHBFQW 
'68�SRZHU�XS�VWDEOH�FRXQWHU��UHIOHFW�RQ�WKH�IDOOLQJ�WLPH�RI�
SGBGVXBGZQBDFN� 

 
308B'68B3:5'1B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[��GF� 
VWDEOHBFQW 
'68�SRZHU�GRZQ�VWDEOH�FRXQWHU��UHIOHFW�RQ�WKH�ULVLQJ�WLPH�RI�
SGBGVXBGZQBDFN� 

 
308B*38B92/83B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[����I 
VWDEOHBFQW 
*38�YROWDJH�XS�VWDEOH�FRXQWHU��UHIOHFW�RQ�WKH�IDOOLQJ�WLPH�RI�
SGBJSXBGZQBDFN� 

 
308B*38B92/'1B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

���� 5: �[����I 
VWDEOHBFQW 
*38�YROWDJH�XS�VWDEOH�FRXQWHU��UHIOHFW�RQ�WKH�ULVLQJ�WLPH�RI�
SGBJSXBGZQBDFN� 

 
308B:$.(83B7,0(287B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�����GF� ZDNHXSBWLPHRXWBFQW 

:$.(83�WLPHRXW�FRXQWHU 
 
308B3:0B6:,7&+B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[���IIIII VWDEOHBFQW 

3:0�VZLWFK�VWDEOH�FRXQWHU 
 
308B'%*B567B&17 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���IIIII 
GEJBUVWBFQW 
&38�UHVHW�GXUDWLRQ�F\FOH��PHVXUHG�E\�FONBSPX��ZKHQ�HQWHULQJ�
GHEXJ�UHFRYHU\�  

 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  503 

 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B6<6B5(*� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� SPXBV\VBUHJ 308�V\VWHP�UHJLVWHU 
 
308B'68B3:5B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
FOXVWHUBFONBVUFBJDWHBHQD 
&OXVWHU�FORFN�JDWH�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVXBUHWBHQD 
'68�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GVXBSZURIIBHQD 
'68�KDUGZDUH�SRZHU�RII�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVXBSZUGQBHQD 
'68�KDUGZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 
 
308B'68B3:5B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
FOXVWHUBFONBVUFBJDWHBFIJ 
&OXVWHU�FORFN�JDWH�VRIWZDUH�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 

� 5�:
6& �[� 

GVXBVIWBSUHTBUHW 
'68�VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�5(7�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

GVXBVIWBSUHTBRQ 
'68�VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�21�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

GVXBVIWBSUHTBRII 
'68�VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�2))�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 
GVXBSZUGQBHQD 
'68�VRIWZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B'68B$872B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 
GVXBDXWRBUHWBHQD 
'68�DXWR�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVXBVIWBZDNHXSBFOXVWHUBHQD 
'68�VRIWZDUH�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVXBLQWBPDVNBHQD 
'68�LQWHUUXSW�PDVN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GVXBLQWBZDNHXSBFOXVWHUBHQD 
'68�LQWHUUXSW�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GVXBOSBHQD 
'68�ORZ�SRZHU�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B'68B3:5B67$7( 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 52 �[� 

GVXBSRZHUBVWDWH 
'68�SRZHU�VWDWH� 
�
K���'68�SRZHU�RQ�VWDWH 
�
K���&OXVWHU�WUDQVIHU�LGOH�VWDWH 
�
K���'68�SRZHU�GRZQ�VWDWH 
�
K���'68�2))�VWDWH 
�
K���'68�ZDNHXS�VWDWH 
�
K���'68�SRZHU�XS�VWDWH 
�
K���&OXVWHU�WUDQVIHU�UHVXPH�VWDWH 
�
K���'68�IXQFWLRQ�UHWHQWLRQ�VWDWH 
2WKHUV��5HVHUYHG 

�� 52 �[� UHVHUYHG 

����� 52 �[� 

FSX�BSRZHUBVWDWH 
&38��SRZHU�VWDWH� 
�
K���&38�SRZHU�RQ�VWDWH 
�
K���&38�SRZHU�RII�VWDWH 
�
K���&38�HPXODWLRQ�RII�VWDWH 
�
K���&38�UHWHQWLRQ�VWDWH 
�
K���&38�GHEXJ�UHFRYHU\�VWDWH 
2WKHUV��5HVHUYHG 

�� 52 �[� UHVHUYHG 

���� 52 �[� 

FSX�BSRZHUBVWDWH 
&38��SRZHU�VWDWH� 
�
K���&38�SRZHU�RQ�VWDWH 
�
K���&38�SRZHU�RII�VWDWH 
�
K���&38�HPXODWLRQ�RII�VWDWH 
�
K���&38�UHWHQWLRQ�VWDWH 
�
K���&38�GHEXJ�UHFRYHU\�VWDWH 
2WKHUV��5HVHUYHG 

� 52 �[� UHVHUYHG 

��� 52 �[� 

FSX�BSRZHUBVWDWH 
&38��SRZHU�VWDWH� 
�
K���&38�SRZHU�RQ�VWDWH 
�
K���&38�SRZHU�RII�VWDWH 
�
K���&38�HPXODWLRQ�RII�VWDWH 
�
K���&38�UHWHQWLRQ�VWDWH 
�
K���&38�GHEXJ�UHFRYHU\�VWDWH 
2WKHUV��5HVHUYHG 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

FSX�BSRZHUBVWDWH 
&38��SRZHU�VWDWH� 
�
K���&38�SRZHU�RQ�VWDWH 
�
K���&38�SRZHU�RII�VWDWH 
�
K���&38�HPXODWLRQ�RII�VWDWH 
�
K���&38�UHWHQWLRQ�VWDWH 
�
K���&38�GHEXJ�UHFRYHU\�VWDWH 
2WKHUV��5HVHUYHG 

 
308B&38B$872B3:5B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
FSX�BGEJBUHFRYBUVWVUF 
&38��UHVHW�VRXUFH�ZKHQ�HQWHULQJ�GHEXJ�UHFRYHU\� 
�
E���FRUHUHVHW 
�
E���FRUHSRUHVHW 

�� 5: �[� 
FSX�BGEJBUHFRYBHQD 
&38��HQWHU�GHEXJ�UHFRYHU\�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BVIWBZDNHXSBUHWBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BDXWRBUHWBHQD 
&38��DXWR�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BVIWBZDNHXSBSZUGQBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BLQWBPDVNBHQD 
&38��LQWHUUXSW�PDVN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBZDNHXSBHQD 
&38��LQWHUUXSW�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBSZUGQBHQD 
&38��DXWR�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BGEJBUHFRYBUVWVUF 
&38��UHVHW�VRXUFH�ZKHQ�HQWHULQJ�GHEXJ�UHFRYHU\� 
�
E���FRUHUHVHW 
�
E���FRUHSRUHVHW 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FSX�BGEJBUHFRYBHQD 
&38��HQWHU�GHEXJ�UHFRYHU\�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBZDNHXSBUHWBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBUHWBHQD 
&38��DXWR�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBZDNHXSBSZUGQBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBPDVNBHQD 
&38��LQWHUUXSW�PDVN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBZDNHXSBHQD 
&38��LQWHUUXSW�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBSZUGQBHQD 
&38��DXWR�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&38B$872B3:5B&21� 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5: �[� 
FSX�BGEJBUHFRYBUVWVUF 
&38��UHVHW�VRXUFH�ZKHQ�HQWHULQJ�GHEXJ�UHFRYHU\� 
�
E���FRUHUHVHW 
�
E���FRUHSRUHVHW 

�� 5: �[� 
FSX�BGEJBUHFRYBHQD 
&38��HQWHU�GHEXJ�UHFRYHU\�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BVIWBZDNHXSBUHWBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BDXWRBUHWBHQD 
&38��DXWR�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 
FSX�BVIWBZDNHXSBSZUGQBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BLQWBPDVNBHQD 
&38��LQWHUUXSW�PDVN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBZDNHXSBHQD 
&38��LQWHUUXSW�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBSZUGQBHQD 
&38��DXWR�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BGEJBUHFRYBUVWVUF 
&38��UHVHW�VRXUFH�ZKHQ�HQWHULQJ�GHEXJ�UHFRYHU\� 
�
E���FRUHUHVHW 
�
E���FRUHSRUHVHW 

� 5: �[� 
FSX�BGEJBUHFRYBHQD 
&38��HQWHU�GHEXJ�UHFRYHU\�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBZDNHXSBUHWBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBUHWBHQD 
&38��DXWR�UHWHQWLRQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBZDNHXSBSZUGQBHQD 
&38��VRIWZDUH�ZDNHXS�IURP�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBPDVNBHQD 
&38��LQWHUUXSW�PDVN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BLQWBZDNHXSBHQD 
&38��LQWHUUXSW�ZDNHXS�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BDXWRBSZUGQBHQD 
&38��DXWR�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&38B3:5B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  509 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

�� 5�:
6& �[� 

FSX�BVIWBSUHTBUHW 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�5(7�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5�:
6& �[� 

FSX�BVIWBSUHTBRQ 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�21�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5�:
6& �[� 

FSX�BVIWBSUHTBRII 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�2))�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
FSX�BVIWBSZUGQBHQD 
&38��VRIWZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5�:
6& �[� 

FSX�BVIWBSUHTBUHW 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�5(7�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5�:
6& �[� 

FSX�BVIWBSUHTBRQ 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�21�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBRII 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�2))�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBSZUGQBHQD 
&38��VRIWZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBUHW 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�5(7�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBRQ 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�21�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBRII 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�2))�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBSZUGQBHQD 
&38��VRIWZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5�:
6& �[� 

FSX�BVIWBSUHTBUHW 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�5(7�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBRQ 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�21�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5�:
6& �[� 

FSX�BVIWBSUHTBRII 
&38��VRIWZDUH�S�FKDQQHO�UHTHVW�IRU�2))�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BVIWBSZUGQBHQD 
&38��VRIWZDUH�SRZHU�GRZQ�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&/867(5B3:5B67 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� FSX�BELWBRQ 

&38��SDFWLYH>�@��LQGLFDWLQJ�&38�VKRXOG�HQWHU�32:(5�21� 

�� 52 �[� 
FSX�BELWBIXQFUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)81&7,21�
5(7(17,21 

�� 52 �[� FSX�BELWBIXOOUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)8//�5(7(17,21 

�� 52 �[� FSX�BELWBHPXRII 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�(08/$7,21�2)) 

�� 52 �[� FSX�BELWBRQ 
&38��SDFWLYH>�@��LQGLFDWLQJ�&38�VKRXOG�HQWHU�32:(5�21� 

�� 52 �[� 
FSX�BELWBIXQFUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)81&7,21�
5(7(17,21 

�� 52 �[� FSX�BELWBIXOOUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)8//�5(7(17,21 

�� 52 �[� FSX�BELWBHPXRII 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�(08/$7,21�2)) 

�� 52 �[� FSX�BELWBRQ 
&38��SDFWLYH>�@��LQGLFDWLQJ�&38�VKRXOG�HQWHU�32:(5�21� 

�� 52 �[� 
FSX�BELWBIXQFUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)81&7,21�
5(7(17,21 

�� 52 �[� FSX�BELWBIXOOUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)8//�5(7(17,21 

�� 52 �[� FSX�BELWBHPXRII 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�(08/$7,21�2)) 

�� 52 �[� FSX�BELWBRQ 
&38��SDFWLYH>�@��LQGLFDWLQJ�&38�VKRXOG�HQWHU�32:(5�21� 

�� 52 �[� 
FSX�BELWBIXQFUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)81&7,21�
5(7(17,21 

�� 52 �[� FSX�BELWBIXOOUHW 
&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�)8//�5(7(17,21 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� FSX�BELWBHPXRII 

&38��SDFWLYH>�@�VWDWH��LQGLFDWLQJ�&38�FDQ�HQWHU�(08/$7,21�2)) 
�� 52 �[� FSX�BSUHTBDFFHSHG 

308�S�FKDQQHO�UHTXHVW�VHQW�DQG�DFFHSWHG�E\�&38�� 
�� 52 �[� FSX�BSUHTBDFFHSHG 

308�S�FKDQQHO�UHTXHVW�VHQW�DQG�DFFHSWHG�E\�&38�� 
�� 52 �[� FSX�BSUHTBDFFHSHG 

308�S�FKDQQHO�UHTXHVW�VHQW�DQG�DFFHSWHG�E\�&38�� 
�� 52 �[� FSX�BSUHTBDFFHSHG 

308�S�FKDQQHO�UHTXHVW�VHQW�DQG�DFFHSWHG�E\�&38�� 
�� 52 �[� FOXVWHUSDFWLYHBELWBIXOO 

&OXVWHU�SDFWLYH>��@��LQGLFDWLQJ�FOXVWHU�/��ZD\V�IRU�IXOO�RSHUDWLRQ� 
�� 52 �[� FOXVWHUSDFWLYHBELWBRQ 

&OXVWHU�SDFWLYH>�@��LQGLFDWLQJ�FOXVWHU�VKRXOG�HQWHU�32:(5�21� 

� 52 �[� 
FOXVWHUSDFWLYHBELWBIXQFUHW 
&OXVWHU�SDFWLYH>�@�VWDWH��LQGLFDWLQJ�FOXVWHU�FDQ�HQWHU�)81&7,21�
5(7(17,21 

� 52 �[� 
FOXVWHUSDFWLYHBELWBPHPUHW 
&OXVWHU�SDFWLYH>�@�VWDWH��LQGLFDWLQJ�FOXVWHU�FDQ�HQWHU�0(0255<�
5(7(17,21 

� 52 �[� FOXVWHUBSUHTBDFFHSHG 
308�S�FKDQQHO�UHTXHVW�VHQW�DQG�DFFHSWHG�E\�'68� 

��� 52 �[� UHVHUYHG 

� 52 �[� 
GVXBGZQBVWDWH 
&OXVWHU�SRZHU�GRZQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
FSX�BGZQBVWDWH 
&38��SRZHU�GRZQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
FSX�BGZQBVWDWH 
&38��SRZHU�GRZQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
FSX�BGZQBVWDWH 
&38��SRZHU�GRZQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
FSX�BGZQBVWDWH 
&38��SRZHU�GRZQ�VWDWH� 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
308B&/867(5B,'/(B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  512 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
JLF�FRUHBSZUTBUHT 
(QDEOH�VHQGLQJ�JLF�FRUH�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FRUH�JLFBSZUTBUHT 
(QDEOH�VHQGLQJ�FRUH�JLF�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
GEJBSZUTBUHT 
(QDEOH�VHQGLQJ�GHEXJ�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBFSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B&38�E\�308� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&/867(5B,'/(B6)7&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBHQDEOH 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 52 �[��� UHVHUYHG 

� 5: �[� 

JLF�FRUHBSZUTBUHT 
(QDEOH�VHQGLQJ�JLF�FRUH�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�
VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

FRUH�JLFBSZUTBUHT 
(QDEOH�VHQGLQJ�FRUH�JLF�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�
VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

GEJBSZUTBUHT 
(QDEOH�VHQGLQJ�GHEXJ�SRZHU�T�FKDQQHO�UHTXHVW�WR�&38�E\�
VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LGOHBUHTBFSX 
(QDEOH�VHQGLQJ�EXV�LGOH�UHTXHVW�WR�%,8B&38�E\�VRIWZDUH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
308B&/867(5B,'/(B$&. 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 
JLF�FRUHBSZUTBDFFHSW 
&38�JLF�FRUH�T�FKDQQHO�DFFHSW�VWDWH� 
�
E���1RW�$FFHSWHG 
�
E���$FFHSWHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
FRUH�JLFBSZUTBDFFHSW 
&38�FRUH�JLF�T�FKDQQHO�DFFHSW�VWDWH� 
�
E���1RW�$FFHSWHG 
�
E���$FFHSWHG 

� 52 �[� 
GEJBSZUTBDFFHSW 
&38�GHEXJ�T�FKDQQHO�DFFHSW�VWDWH� 
�
E���1RW�$FFHSWHG 
�
E���$FFHSWHG 

� 52 �[� 
LGOHBDFNBFSX 
%,8B&38�EXV�LGOH�DFNQRZOHGJH�VWDWH� 
�
E���1RW�DFNQRZOHGJH�  
�
E���$FNQRZOHGJH 

 
308B&/867(5B,'/(B67 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 
JLF�FRUHBSZUTBDFWLYH 
&38�JLF�FRUH�T�FKDQQHO�DFWLYH�VWDWH� 
�
E���/RZ�SRZHU�1RW�DYDLODEOHO 
�
E���/RZ�SRZHU�DYDLODEOHO 

� 52 �[� 
FRUH�JLFBSZUTBDFWLYH 
&38�FRUH�JLF�T�FKDQQHO�DFWLYH�VWDWH� 
�
E���/RZ�SRZHU�1RW�DYDLODEOHO 
�
E���/RZ�SRZHU�DYDLODEOHO 

� 52 �[� 
GEJBSZUTBDFWLYH 
&38�GHEXJ�T�FKDQQHO�DFWLYH�VWDWH� 
�
E���/RZ�SRZHU�1RW�DYDLODEOHO 
�
E���/RZ�SRZHU�DYDLODEOHO 

� 52 �[� 
LGOHBFSX 
%,8B&38�LGOH�VWDWH� 
�
E���1RW�LGOH 
�
E���,GOH 

 
308B'%*B3:5B&21 
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
FOXVWHUBGEJBSZUXSBUHTBHQD 
FOXVWHU�GHEXJ�SRZHU�XS�UHTXHVW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BGEJBSZUXSBUHTBHQD 
FSX��GHEXJ�SRZHU�XS�UHTXHVW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BGEJBSZUXSBUHTBHQD 
FSX��GHEXJ�SRZHU�XS�UHTXHVW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FSX�BGEJBSZUXSBUHTBHQD 
FSX��GHEXJ�SRZHU�XS�UHTXHVW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FSX�BGEJBSZUXSBUHTBHQD 
FSX��GHEXJ�SRZHU�XS�UHTXHVW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

7.5 Timing Diagram 
7.5.1 (DFK�'RPDLQ�3RZHU�6ZLWFK�7LPLQJ 
7KH�IROORZLQJ�ILJXUH�VKRZVWKH�WLPLQJ�IRU�HDFK�GRPDLQ�SRZHU�GRZQ�DQG�SRZHU�XS� 

 
Fig.7-3Each Domain Power Switch Timing 

7.5.2 ([WHUQDO�:DNHXS�3$'�7LPLQJ 
7KH�308�VXSSRUWV�D�ORW�RI�H[WHUQDO�ZDNHXS�VRXUFHV��VXFK�DV�6'00&��86%'(9��6',2��*3,2��
ZDNHXS�VRXUFH�DQG�VR�RQ��$OO�WKHVH�H[WHUQDO�ZDNHXS�VRXUFHV�PXVW�PHHW�WKH�WLPLQJ�
UHTXLUHPHQW��DW�OHDVW����XV��ZKHQ�WKH�ZDNHXS�HYHQW�LV�DVVHUWHG��7KH�IROORZLQJ�ILJXUH�JLYHV�
WKH�WLPLQJ�LQIRUPDWLRQ� 

ĥĥ

ĥĥ

200us

External wakeup source
(high asserted)

External wakeup source
(low asserted)

 
Fig.7-4External Wakeup Source PAD Timing 

7.6 Application Notes 
7.6.1 /RZ�3RZHU�0RGH 
308�FDQ�ZRUN�LQ�WKH�/RZ�SRZHU�PRGH�E\�VHWWLQJ�ELW>�@�RI�308B3:5B&21�UHJLVWHU��$IWHU�
VHWWLQJ�WKLV�ELW�DQG�DOO�&38V�HQWHU�VWDQGE\�VWDWHV��308�ORZ�SRZHU�)60�ZLOO�VWDUW�WR�UXQ��,Q�
WKH�ORZ�SRZHU�PRGH��308�ZLOO�PDQDJH�SRZHU�UHVRXUFHV�E\�KDUGZDUH�RU�VRIWZDUH��VXFK�DV�
SRZHU�RQ�RII�WKH�VSHFLILHG�SRZHU�GRPDLQ��VHQG�LGOH�UHTXHVW�WR�VSHFLILHG�SRZHU�GRPDLQ��VKXW�
GRZQ�XS�3//�DQG�VR�RQ��$OO�RI�DERYH�DUH�FRQILJXUDEOH�E\�VHWWLQJ�FRUUHVSRQGLQJ�UHJLVWHUV��  
7.6.2 'HEXJ�,2 
$//�)60�SRZHU�VWDWHV�FRXOG�EH�PRQLWRUHG�WKURXJK�,2��5.�����SURYLGH�308�'HEXJ�,2�IRU�
)60�REVHUYDWLRQ�LQ�8$57VLJQDO�PRGH� 

H5

F2

E1

GC

D

B

4

A3

0ns 250ns 500ns

clk

pd_dwn_en

pd_dwn_req

pd_dwn_ack

pd_on_ack

pd_dwn_clkrst_n

pd_dwn_rst_n

pd_dwn_clk_en

pd_clamp_n

pd_dwn_stat
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Table 7-2 Debug IO for PMU FSM state 
0RGXOH�3LQ 'LUHFWLRQ 3LQ�1DPH ,208;�6HWWLQJ 

pmu_debug
0 O 

6'00&�B3:5(1�6$7$B03B6:,7&
+�3&,(��B&/.5(4QB0��*3,2�B$�
BG 

PMU_GRF_GPIO0A_IOMUX_H
[7:4]=4¶h4 

pmu_debug
1 O *38B3:5(1�6$7$B&3B32'�3&,(�

�;�B&/.5(4QB0��*3,2�B$�BG 
PMU_GRF_GPIO0A_IOMUX_H
[11:8]=4¶h3 

pmu_debug
2 O 3:0��63,�B&6�B0��8$57�B576Q

�*3,2�B&�BG 
PMU_GRF_GPIO0C_IOMUX_H
[3:0] =4¶h4 

pmu_debug
3 O 3:0��63,�B0,62B0��3&,(��;�B

:$.(QB0��*3,2�B&�BG 
PMU_GRF_GPIO0C_IOMUX_H
[7:4] =4¶h4 

pmu_debug
_tx O +'0,7;B&(&B0��3:0�B0��8$57

�B&76Q�*3,2�B&�BG 
PMU_GRF_GPIO0C_IOMUX_H
[15:12] =4¶h4 

 
7.6.3 6\VWHP�5HJLVWHU 
308�VXSSRUW���V\VWHP�UHJLVWHUV��308B6<6B5(*�a�308B6<6B5(*���7KHVH�UHJLVWHUV�DUH�
DOZD\V�RQ�QR�PDWWHU�ZKDW�ORZ�SRZHU�PRGH��6R�VRIWZDUH�FDQ�XVH�WKHVH�UHJLVWHUV�WR�UHWDLQ�
VRPH�LQIRUPDWLRQ�ZKLFK�LV�XVHIXO�DIWHU�ZDNHXS�IURP�DQ\�PRGH� 

 
7.6.4 &RQILJXUDWLRQ�&RQVWUDLQW 
,Q�RUGHU�WR�VKXW�GRZQ�WKH�SRZHU�GRPDLQV�ZKLFK�DUH�PDQDJHG�E\�VRIWZDUH�FRUUHFWO\��WKH�
VRIWZDUH�PXVW�REH\�WKH�UXOHV�EHOORZ� 
z Send BIU request to the BIU in power domain that you want to shut down by configure 

PMU_BUS_IDLE_SFTCON0 or PMU_BUS_IDLE_SFTCON1 register. 
z Querying PMU_ BUS_IDLE_ST register to get the information until the pacific BIU is in 

idle state. 
z Send power request to the power domain through PMU_PWR_GATE_CON register. 
z Querying PMU_PWR_DWN_ST register to make sure the pacific power domain is power 

down.  
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Chapter 8 MCU 

8.1 Overview  
7KH�0&8�FRUH�LV�ORDG�VWRUH�DUFKLWHFWXUH��ZKHUH�RQO\�ORDG�DQG�VWRUH�LQVWUXFWLRQV�DFFHVV�
PHPRU\�DQG�DULWKPHWLF�LQVWUXFWLRQV�RQO\�RSHUDWH�RQ�LQWHJHU�UHJLVWHUV��7KH�FRUH�SURYLGHV�D�
���ELW�XVHU�DGGUHVV�VSDFH�WKDW�LV�E\WH�DGGUHVVHG�DQG�OLWWOH�HQGLDQ��$QG�LW�RQO\�LPSOHPHQWV�
PDFKLQH�OHYHOV��RQH�RI�IRXU�SULYLOHJH�OHYHOV� 
7KH�NH\�IHDWXUHV�RI�WKH�0&8�FRUH�LQFOXGH� 
z Harvard architecture (separate instruction and data buses) 
z Machine privilege level 
z 32 32-bit general purpose integer registers  
z Instruction set is RV32I with M and C extensions  
z High-performance or area-optimized multiply/divide unit 
z 3 stage pipeline implementation  
z 32-bit AHB-Lite external memory interface  
z Integrated Programmable Interrupt Controller(IPIC),up to 256 IRQ lines with 256 to 4 

INTMUX 
z Debug Controller with JTAG interface 
z Hardware Break-point Module 
z 3 embedded 64bit performance counters 
z Real time clock  
z Cycle counter   
z Instructions-retired counter 

8.2 Block Diagram 

MCU

DEBUG

TIMER

ROUTER

RISCV CORE TOP

JTAG

IRQ[255:0]

INTERCONNECT

IPIC

D_BUS_AHBI_BUS_AHB

IN
TM

UX

IRQ_Muxed[3:0]

 
	��ǤͺǦͳ������������������������� 
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8.3 Function Description 
8.3.1 ,QWHUUXSW�0XOWLSOH[HU�,1708;� 
7KH�,QWHUUXSW�0XOWLSOH[HU�ZLOO�VHOHFW���LQWHUUXSWV�IURP�����LQWHUUXSWV�XVLQJ�URXQG�URELQ�
DOJRULWKP��<RX�FDQ�FRQILJXUH�FRUUHVSRQGLQJ�PDVN�ELW�IRU�HDFK�LQWHUUXSW��,W¶V�D���VWHS�
RSHUDWLRQ�WR�REWDLQ�WKH�LQWHUUXSW�LQ�VHUYLFH��)LUVW�\RX�VKRXOG�UHDG�WKH�,17B)/$*B/(9(/��WR�
REWDLQ�WKH�FRUUHFW�,17B)/$*B*5283��WKHQ�UHDG�WKH�FRUUHVSRQGLQJ�,17B)/$*B*5283�WR�
REWDLQ�WKH�LQWHUUXSW�LQ�VHUYLFH� 
8.3.2 ,QWHJUDWHG�3URJUDPPDEOH�,QWHUUXSW�&RQWUROOHU�,3,&� 
0&8�FRUH�LQFOXGH�,QWHJUDWHG�3URJUDPPDEOH�,QWHUUXSW�&RQWUROOHU��,3,&��ZLWK�ORZ�ODWHQF\�,54�
UHVSRQVH��,3,&�FDQ�EH�FRQILJXUHG�XVLQJ�,3,&�&RQWURO�6WDWXV�5HJLVWHUV��  
7KH�WHUP�,QWHUUXSW�/LQH�KDV�WKH�PHDQLQJ�RI�FRUUHVSRQGLQJ�,3,&�H[WHUQDO�SLQ�ZKHUH�VXLWDEOH�
VRXUFH�RI�H[WHUQDO�LQWHUUXSW�PD\�EH�FRQQHFWHG�WR��  
7KH�WHUP�,QWHUUXSW�9HFWRU�KDV�WKH�PHDQLQJ�RI�H[WHUQDO�LQWHUUXSW�QXPEHU�ZKLFK�ZLOO�EH�
JHQHUDWHG�E\�,3,&�LQ�UHVSRQVH�WR�H[WHUQDO�LQWHUUXSW��  
,3,&�VXSSRUWV�PD[LPXP����,QWHUUXSW�YHFWRUV�>�����@�DQG����,QWHUUXSW�OLQHV�>�����@��HDFK�
OLQH�LV�VWDWLFDOO\�PDSSHG�WR�WKH�FRUUHVSRQGLQJ�YHFWRU��  
,QWHUUXSW�9HFWRUV�DUH�JLYHQ�IL[HG�SULRULWLHV��7KH�ORZHVW�,QWHUUXSW�9HFWRU�QXPEHU�KDV�WKH�
KLJKHVW�SULRULW\��,3,&�VXSSRUWV�QHVWHG�LQWHUUXSWV��2QO\�RQH�LQWHUUXSW�FDQ�EH�VHUYLFHG�DW�D�
WLPH���9RLG�LQWHUUXSW�YHFWRU��LV�GHILQHG�DV�D�QRQ�H[LVWHQW�YHFWRU�QXPEHU��[����7KLV�YDOXH�LV�
XVHG�WR�LQGLFDWH�DEVHQFH�RI�D�YDOLG�LQWHUUXSW�YHFWRU��  
127(��:ULWH�DFFHVV�WR�WKH�,3,&�FRQWURO�VWDWXV�UHJLVWHUV�LV�LPSOHPHQWHG�RQO\�WKURXJK�WKH�XVH�RI�WKH�
&655:�,��LQVWUXFWLRQV��WKH�&6556�,��DQG�&655&�,��LQVWUXFWLRQV�DUH�QRW�VXSSRUWHG� 
 

 
	��ǤͺǦʹ��������������������� 

'HSHQGLQJ�RQ�WKH�,0��LQWHUUXSW�PRGH���,19��OLQH�LQYHUVLRQ��YDOXHV�IRU�HDFK�YHFWRU��RQH�RI�
IRXU�FRQGLWLRQV�IRU�,3��LQWHUUXSW�SHQGLQJ��ELW�DFWLYDWLRQ�LV�VHOHFWHG��KLJK�OHYHO��ORZ�OHYHO��
ULVLQJ�HGJH��IDOOLQJ�HGJH��2I�DOO�YHFWRUV�ZLWK�,3�DQG�,(��LQWHUUXSW�HQDEOH��ELWV�DFWLYH��WKH�
ORZHVW�QXPEHUHG�YHFWRU�KDV�WKH�KLJKHVW�SULRULW\��6RIWZDUH�LV�UHVSRQVLEOH�IRU�ZULWLQJ�WKH�62,�
DQG�(2,�UHJLVWHUV��WKXV�QRWLI\LQJ�,3,&�RI�WKH�VWDUW�DQG�HQG�RI�LQWHUUXSW�SURFHVVLQJ��
UHVSHFWLYHO\� 
8.3.3 'HEXJ 
7KH�FRUH¶V�GHEXJ�VXE�V\VWHP�LV�LPSOHPHQWHG�LQ�FRPSOLDQFH�ZLWK�WKH�0&8�([WHUQDO�'HEXJ�
6XSSRUW�VSHFLILFDWLRQ�>�@��,WV�EORFN�GLDJUDP�LV�VKRZQ�LQ�)LJ������  
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	��ǤͺǦ͵��������������������������Ǧ������ 

$Q�H[WHUQDO�GHEXJJHU�FRPPXQLFDWHV�ZLWK�WKH�FRUH¶V�GHEXJ�VXE�V\VWHP�YLD�-7$*�LQWHUIDFH�
DQG�7$3�&RQWUROOHU��7$3&���SOD\LQJ�D�UROH�RI�WKH�'HEXJ�7UDQVSRUW�0RGXOH��'70��LQ�WHUPV�RI�
WKH�0&8�'HEXJ�6SHFLILFDWLRQ�>�@��7KH�7$3&�LPSOHPHQWV�VHYHUDO�SULYDWH�7$3�LQVWUXFWLRQV�
DOORZLQJ�GHEXJJHU�WR�LQWHUDFW�ZLWK�LQWHUQDO�GHEXJ�XQLWV��  
z '70&6�SURYLGHV�JHQHUDO�FRQWURO�RYHU�'70 
z '0,B$&&(66�SURYLGHV�DFFHVV�WR�WKH�'HEXJ�0RGXOH��'0� 
z 6&8B$&&(66�SURYLGHV�DFFHVV�WR�WKH�6\VWHP�&RQWURO�8QLW��6&8� 
,QWHUQDO�FRQQHFWLRQ�EHWZHHQ�7$3&�DQG�'0��'0�DQG�6&8��LV�D�IRUP�RI�VHULDO�VFDQ�LQWHUIDFH��
6RXUFH�DQG�GHVWLQDWLRQ�RI�WKH�7$3&�VFDQ�LQWHUIDFH�DUH�LQ�GLIIHUHQW�FORFN�GRPDLQV��7$3&�LV�
IXOO\�UXQQLQJ�LQ�-7$*¶V�7&.�FORFN�GRPDLQ��ZKHUHDV�'0�DQG�6&8�DUH�LQ�WKH�FRUH�FORFN�GRPDLQ��
7KHUHIRUH��WKH�7$3&�VFDQ�LQWHUIDFH�SDVVHV�WKURXJK�WKH�FORFN�V\QFKURQL]DWLRQ�XQLW��6<1&���  
7KH�6\VWHP�&RQWURO�8QLW��6&8��SURYLGHV�FRQWURO�RYHU�LPSOHPHQWDWLRQ�VSHFLILF�UHVHW�FLUFXLWU\��
DQG�DOORZV�WR�PRQLWRU�VWDWHV�RI�PDLQ�UHVHW�VLJQDOV��  
8VLQJ�WKH�'HEXJ�0RGXOH�,QWHUIDFH��'0,���WKH�'HEXJ�0RGXOH��'0��H[SRVHV�D�VWDQGDUG�
UHJLVWHU�LQWHUIDFH�WR�WKH�FRUH¶V�GHEXJ�IHDWXUHV��  
z UXQ�FRQWURO�RI�WKH�FRUH¶V�VLQJOH�KDUW 
z DFFHVV�WR�LWV�LQWHUQDO�UHJLVWHUV��*35V��&65V� 
z DFFHVV�WR�LWV�PHPRU\�VSDFH 
z FDSDELOLW\�WR�H[HFXWH�DUELWUDU\�LQVWUXFWLRQV�IURP�WKH�3URJUDP�%XIIHU 
7KH�UHJLVWHU�LQWHUIDFH�LV�FRPSOLDQW�ZLWK�WKH�0&8�'HEXJ�6SHFLILFDWLRQ�>�@��  
,PSOHPHQWDWLRQ�RI�WKLV�GHEXJ�IXQFWLRQDOLW\�ZLWKLQ�WKH�KDUW�LV�GLVWULEXWHG�EHWZHHQVHYHUDO�
XQLWV��DQG�IURP�H[WHUQDO�SURVSHFWLYH�WKH�PRVW�LPSRUWDQW�DPRQJ�WKHP�DUH��  
z +DUW�'HEXJ�8QLW��+'8����SURYLGHV�WKH�KDUW¶V�'HEXJ�,QWHUIDFH��FRQQHFWLQJ�WKH�KDUW�ZLWK�

WKH�'0��DQG�FRQWDLQV�'HEXJ�&65V 
z 7ULJJHU�0RGXOH��70����SURYLGHV�D�FDSDELOLW\�RI�KDUGZDUH�EUHDNSRLQWV��DQG�FRQWDLQV�

7ULJJHU�&65V 

8.4 Register Description  
8.4.1 *HQHUDO�SXUSRVH�,QWHJHU�5HJLVWHUV 
*HQHUDO�SXUSRVH�,QWHJHU�5HJLVWHU�LV�WKH�XVHU�YLVLEOH�UHJLVWHUV�RI�WKH�FRUH��7KHUH�DUH����
JHQHUDO�SXUSRVH�UHJLVWHUV�[��[����ZKLFK�DUH�GHVLJQHG�WR�KROG�LQWHJHU�YDOXHV��5HJLVWHU�[��LV�
KDUGZLUHG�WR�WKH�FRQVWDQW���DQG�FDQ�EH�XVHG�DV�D�VRXUFH�RI�FRQVWDQW�]HUR�RU�DV�D�GRQ¶WFDUH�
GHVWLQDWLRQ�UHJLVWHU��  
'RQ¶W�FDUH�GHVWLQDWLRQ�[��LV�XVHG�WR�LJQRUH�WKH�UHVXOW�RI�LQVWUXFWLRQ�H[HFXWLRQ�SURYLGHG�WKDW�  
GHVWLQDWLRQ�UHJLVWHU�LV�PDQGDWRU\�IRU�LQVWUXFWLRQ�VWUXFWXUH��  
$OO�JHQHUDO�SXUSRVH�UHJLVWHUV�LQ�WKH�FRUH�DUH����ELWV�ZLGH��  
7KH�FRUH�LPSOHPHQWV����ELW�SF�UHJLVWHU��ZKLFK�LV�XVHG�DV�SURJUDP�FRXQWHU��PHDQLQJ�WKDW�LW�
KROGV�WKH�DGGUHVV�RI�WKH�FXUUHQW�LQVWUXFWLRQ��  
8.4.2 &RQWURO�DQG�6WDWXV�5HJLVWHU 
&RQWURO�VWDWXV�UHJLVWHUV��&65��RI�WKH�FRUH�DUH�DFFHVVHG�DWRPLFDOO\�XVLQJ�LQVWUXFWLRQV�
VSHFLILFDOO\�GHVLJQHG�IRU�&65�DFFHVV��&65�DFFHVV�LQVWUXFWLRQV�DUH�OLVWHG�LQ�,QVWUXFWLRQ�VHW�
VXPPDU\�VHFWLRQ�RI�WKLV�VSHFLILFDWLRQ��  
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$FFRUGLQJ�WR�WKH�0&8�VSHFLILFDWLRQ�>�@��WKH�FRUH�XVHV����ELW�HQFRGLQJ�VSDFH�WR�DGGUHVV�XS�WR�
�����FRQWURO�VWDWXV�UHJLVWHUV��&65��LQ�WKH�LQVWUXFWLRQV�ZKLFK�DWRPLFDOO\�UHDG�DQG�PRGLI\�
&65V��7KH�FRUH�LPSOHPHQWV�VXEVHW�RI�&65V�DFFRUGLQJ�WR�WKH�PDSSLQJ�VKRZQ�LQ�WKH�QH[W�
SDUDJUDSKV��7KH�FRUH�IROORZV�0&8�FRQYHQWLRQ��ZKHUH�WKH�XSSHU���ELWV�RI�WKH�&65�DGGUHVV�
>����@�DUH�XVHG�WR�HQFRGH�WKH�UHDG�DQG�ZULWH�DFFHVVLELOLW\�RI�WKH�&65V�DFFRUGLQJ�WR�WKH�
SULYLOHJH�OHYHO��7KH�WRS�WZR�ELWV�>�����@�LQGLFDWH�ZKHWKHU�WKH�UHJLVWHU�LV�UHDG�ZULWH����������
RU�����RU�UHDG�RQO\�������7KH�QH[W�WZR�ELWV�>���@�LQGLFDWH�WKH�ORZHVW�SULYLOHJH�OHYHO�WKDW�FDQ�
DFFHVV�WKH�&65� 
7KH�FRUH�LPSOHPHQWV�WKH�IROORZLQJ�UXOHV�IRU�&65�DFFHVV��  
���$WWHPSWV�WR�DFFHVV�D�QRQ�H[LVWHQW�&65�UDLVH�DQ�LOOHJDO�LQVWUXFWLRQ�H[FHSWLRQ� 
���$WWHPSWV�WR�ZULWH�D�UHDG�RQO\�&65�DOVR�UDLVH�LOOHJDO�LQVWUXFWLRQ�H[FHSWLRQ� 
���,I�D�UHDG�ZULWH�UHJLVWHU�FRQWDLQV�VRPH�ELWV�WKDW�DUH�UHDG�RQO\��WKHQ�ZULWHV�WR�WKH�UHDG�RQO\�
ELWV�DUH�LJQRUHG� 
8.4.3 MCU Registers Summary  

Name Offset Size Reset 
Value Description 

MCU_TIMER_CTRL 0x0000 W 0x00000001 Timer Control Register 
MCU_TIMER_DIV 0x0004 W 0x00000000 Timer Divider Register 
MCU_MTIME 0x0008 W 0x00000000 Machine Timer Register Low 32bit  
MCU_MTIMEH 0x000C W 0x00000000 Machine Timer Register High 32bit 

MCU_MTIMECMP 0x0010 W 0x00000000 Machine Timer Compare Register 
Low 32bit 

MCU_MTIMECMPH 0x0014 W 0x00000000 Machine Timer Compare Register 
High 32bit 

MCU_CSR_MVENDORID  0x0F11 W 0x00000000 Machine Vendor ID Register  
MCU_CSR_MARCHID 0x0F12 W 0x00000000 Machine Architecture ID Register  

MCU_CSR_MIMPID 0x0F13 W 0x011432A4 Machine Implementation ID 
Register 

MCU_CSR_MHARTID 0x0F14 W 0x00000000 Machine Hart ID Register 
MCU_CSR_MSTATUS 0x0300 W 0x00001880 Machine Status Register 

MCU_CSR_MISA 0x0301 W 0x40001104 Machine Base ISA Control 
Register  

MCU_CSR_MIE 0x0304 W 0x00000000 Machine Interrupt Enable Register 

MCU_CSR_MTVEC 0x0305 W 0x002001C0 Machine Trap-Vector Base-
Address Register 

MCU_CSR_MSCRATCH 0x0340 W 0x00000000 Machine Scratch Register 

MCU_CSR_MEPC 0x0341 W 0x00000000 Machine Exception Program 
Counter Register 

MCU_CSR_MCAUSE 0x0342 W 0x00000000 Machine Cause Register 
MCU_CSR_MTVAL 0x0343 W 0x00000000 Machine Trap Value Register 

MCU_CSR_MIP 0x0344 W 0x00000000 Machine Interrupt  Pending 
Register 

MCU_CSR_MCYCLEL 0x0B00 W 0x00000000 Machine Cycle Counter Low 
Register  

MCU_CSR_MCYCLEH 0x0B80 W 0x00000000 Machine Cycle Counter High 
Register  

MCU_CSR_MINSTRETL 0x0B02 W 0x00000000 Machine Instructions Retired Low 
Register  
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Name Offset Size Reset 
Value Description 

MCU_CSR_MINSTRETH 0x0B82 W 0x00000000 Machine Instructions Retired High 
Register 

MCU_CSR_MCOUNTEN 0x07E0 W 0x00000005 Machine Counter Enable Register  
MCU_CSR_DBG_SCRATCH 0x07C8 W 0x00000000 Debug Scratch Register  

MCU_CSR_IPIC_CISV 0x0BF0 W 0x00000000 Current Interrupt Vector in 
Service 

MCU_CSR_IPIC_CICSR 0x0BF1 W 0x00000000 Current Interrupt Control Status 
Register 

MCU_CSR_IPIC_IPR 0x0BF2 W 0x00000000 Interrupt Pending Register 
MCU_CSR_IPIC_ISVR 0x0BF3 W 0x00000000 Interrupt Serviced Register 
MCU_CSR_IPIC_EOI 0x0BF4 W 0x00000000 End Of Interrupt 
MCU_CSR_IPIC_SOI 0x0BF5 W 0x00000000 Start Of Interrupt 
MCU_CSR_IPIC_IDX 0x0BF6 W 0x00000000 Index Register 
MCU_CSR_IPIC_ICSR 0x0BF7 W 0x00000000 Interrupt Control Status register 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access  
8.4.4 MCU Detail Registers Description  
MCU_TIMER_CTRL 
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 
31:2 RO 0x00000000 reserved 

1 RW 0x0 

CLKSRC 
timer clock source 
1'b0: internal core clock(default) 
1'b1: external real-time clock 

0 RW 0x1 

ENABLE 
timer enable bit 
1'b0: timer disable 
1'b1: timer enable 

 
MCU_TIMER_DIV 
Address: Operational Base + offset (0x0004) 

Bit Attr Reset Value Description 
31:10 RO 0x000000 reserved 

9:0 RW 0x000 
DIV 
Timer divider 
Timer tick occurs every DIV+1 clock ticks 

 
MCU_MTIME 
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 MTIMEL 
Low 32bit of wall-clock real time(number of timer ticks) 
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MCU_MTIMEH 
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 MTIMEH 
High 32bit of wall-clock real time(number of timer ticks) 

 
MCU_MTIMECMP 
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 MTIMECMPL 
Machine-mode timer compare register low 32bit 

 
MCU_MTIMECMPH 
Address: Operational Base + offset (0x0014) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 MTIMECMPH 
Machine-mode timer compare register high 32bit 

 
MCU_CSR_MVENDORID  
Address: Operational Base + offset (0x0F11) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 VENDOR ID  
The JEDEC manufacturer ID of the provider of the core 

 
MCU_CSR_MARCHID 
Address: Operational Base + offset (0x0F12) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 ARCH ID  
Encoding the base micro-architecture of the hart 

 
MCU_CSR_MIMPID 
Address: Operational Base + offset (0x0F13) 

Bit Attr Reset Value Description 

31:0 RO 0x011432a4 

YEAR-MONTH-DAY-RELEASE 
Bit[31]-bit[24]: BCD-coded value of the year 
Bit[23]-bit[16]: BCD-coded value of the month 
Bit[16]-bit[8]: BCD-coded value of the day 
Bit[7]-bit[0]: 8-bit value of intraday release number  

 
MCU_CSR_MHARTID 
Address: Operational Base + offset (0x0F14) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
HART ID  
Containing the integer ID of the hardware thread running the 
code. 
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MCU_CSR_MSTATUS 
Address: Operational Base + offset (0x0300) 

Bit Attr Reset Value Description 
31:13 RO 0x00000 reserved 

12:11 RO 0x3 MPP 
Previous privilege mode (hardwired to 11) 

10:8 RO 0x0 reserved 

7 RW 0x1 MPIE 
Previous global interrupt enable 

6:4 RO 0x0 reserved 

3 RW 0x0 MIE 
Global interrupt enable 

2:0 RO 0x0 reserved 
 
MCU_CSR_MISA 
Address: Operational Base + offset (0x0301) 

Bit Attr Reset Value Description 

31:30 RO 0x1 MXL 
Machine XLEN (hardwired to 01) 

29:24 RO 0x00 reserved 

23 RO 0x0 RVX 
Non-standard extensions 

22:13 RO 0x000 reserved 

12 RO 0x1 RVM 
Integer Multiply/Divide extension implemented 

11:9 RO 0x0 reserved 

8 RO 0x1 RVI 
RV32I base integer instruction set 

7:5 RO 0x0 reserved 

4 RO 0x0 RVE 
RV32E base integer instruction set 

3 RO 0x0 reserved 

2 RO 0x1 RVC 
Compressed instruction extension implemented 

1:0 RO 0x0 reserved 
 
MCU_CSR_MIE 
Address: Operational Base + offset (0x0304) 

Bit Attr Reset Value Description 
31:12 RO 0x00000 reserved 

11 RW 0x0 MEIE 
Machine External Interrupt Enable 

10:8 RO 0x0 reserved 
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Bit Attr Reset Value Description 

7 RW 0x0 MTIE 
Machine Timer Interrupt Enable 

6:4 RO 0x0 reserved 

3 RW 0x0 MSIE 
Machine Software Interrupt Enable 

2:0 RO 0x0 reserved 
 
MCU_CSR_MTVEC 
Address: Operational Base + offset (0x0305) 

Bit Attr Reset Value Description 

31:6 RW 0x0008007 BASE 
Vector base address (upper 26 bits) 

5:2 RO 0x0 reserved 

1:0 RW 0x0 MODE 
Vector mode (0-direct mode, 1-vectored mode) 

 
MCU_CSR_MSCRATCH 
Address: Operational Base + offset (0x0340) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

MSCRATCH 
Hold a pointer to a machine-mode hart-local context space and 
swapped with a user register upon entry to an M-mode trap 
handler. 

 
MCU_CSR_MEPC 
Address: Operational Base + offset (0x0341) 

Bit Attr Reset Value Description 

31:1 RW 0x00000000 
MEPC 
Hold the virtual address of the instruction that encountered the 
exception. 

0 RO 0x0 reserved 
 
MCU_CSR_MCAUSE 
Address: Operational Base + offset (0x0342) 

Bit Attr Reset Value Description 

31 RW 0x0 INT 
Interrupt 

30:4 RO 0x0000000 reserved 

3:0 RW 0x0 EC 
Exception Code 

 
MCU_CSR_MTVAL 
Address: Operational Base + offset (0x0343) 
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Bit Attr Reset Value Description 
31 RO 0x0 reserved 

30:0 RW 0x00000000 

MTVAL 
When a trap is taken into M-mode, mtval is written with 
exception-specific information to assist software in handling the 
trap. 

 
MCU_CSR_MIP 
Address: Operational Base + offset (0x0344) 

Bit Attr Reset Value Description 
31:12 RO 0x00000 reserved 

11 RO 0x0 MEIP 
Machine External Interrupt Pending 

10:8 RO 0x0 reserved 

7 RO 0x0 MTIP 
Machine Timer Interrupt Pending 

6:4 RO 0x0 reserved 

3 RO 0x0 MSIP 
Machine Software Interrupt Pending 

2:0 RO 0x0 reserved 
 
MCU_CSR_MCYCLEL 
Address: Operational Base + offset (0x0B00) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
MCYCLEL 
Represent the number of clock cycles(low 32bit) since some 
arbitrary point of time in the past. 

 
MCU_CSR_MCYCLEH 
Address: Operational Base + offset (0x0B80) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
MCYCLEH 
Represent the number of clock cycles(high 32bit) since some 
arbitrary point of time in the past. 

 
MCU_CSR_MINSTRETL 
Address: Operational Base + offset (0x0B02) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
MINSTRETL 
Represent the number of instructions(low 32bit) retired by the 
core from some arbitrary time in the past. 

 
MCU_CSR_MINSTRETH 
Address: Operational Base + offset (0x0B82) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 
MINSTRETH 
Represent the number of instructions(low 32bit) retired by the 
core from some arbitrary time in the past. 

 
MCU_CSR_MCOUNTEN 
Address: Operational Base + offset (0x07E0) 

Bit Attr Reset Value Description 
31:3 RO 0x00000000 reserved 

2 RW 0x1 IR 
Enable retired instructions counter 

1 RO 0x0 reserved 

0 RW 0x1 CY 
Enable cycle counter 

 
MCU_CSR_DBG_SCRATCH 
Address: Operational Base + offset (0x07C8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 
DSCRATCH 
Used to exchange data between the core and the debug 
controller. 

 
MCU_CSR_IPIC_CISV 
Address: Operational Base + offset (0x0BF0) 

Bit Attr Reset Value Description 
31:5 RO 0x0000000 reserved 

4:0 RO 0x00 CISV 
Number of the interrupt vector currently in service 

 
MCU_CSR_IPIC_CICSR 
Address: Operational Base + offset (0x0BF1) 

Bit Attr Reset Value Description 
31:2 RO 0x00000000 reserved 

1 RW 0x0 

IE 
Interrupt Enable Bit 
1'b0: Interrupt disabled 
1'b1: Interrupt enabled 

0 W1
C 0x0 

IP 
Interrupt pending 
1'b0: no interrupt 
1'b1: Interrupt pending 

 
MCU_CSR_IPIC_IPR 
Address: Operational Base + offset (0x0BF2) 
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Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15:0 W1
C 0x0000 

PENDING  
Interrupt vector0 ~ vector15 pending status, each bit represents 
one vector. 

 
MCU_CSR_IPIC_ISVR 
Address: Operational Base + offset (0x0BF3) 

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15:0 RO 0x0000 
SERVICE 
When corresponding bit is set (1) - this interrupt vector is in 
service. 

 
MCU_CSR_IPIC_EOI 
Address: Operational Base + offset (0x0BF4) 

Bit Attr Reset Value Description 

31:0 WS 0x00000000 
END OF INTERRUPT   
Writing any value to EOI register ends the interrupt which is 
currently in service, read will return zero.  

 
MCU_CSR_IPIC_SOI 
Address: Operational Base + offset (0x0BF5) 

Bit Attr Reset Value Description 

31:0 WS 0x00000000 

START OF INTERRUPT  
Writing any value to SOI activates start of interrupt if one of the 
following conditions is true: 
1. There is at least one pending interrupt with IE and ISR is zero 
(no interrupts in service) 
2. There is at least one pending interrupt with IE and this 
interrupt has higher priority than the interrupts currently in 
service. 

 
MCU_CSR_IPIC_IDX 
Address: Operational Base + offset (0x0BF6) 

Bit Attr Reset Value Description 
31:4 RO 0x0000000 reserved 

3:0 RW 0x0 INDEX 
Interrupt vector index to access through IPIC_ICSR 

 
MCU_CSR_IPIC_ICSR 
Address: Operational Base + offset (0x0BF7) 

Bit Attr Reset Value Description 
31:13 RO 0x00000 reserved 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  527 

Bit Attr Reset Value Description 

12 RO 0x0 

LN 
External IRQ Line Number assigned to this interrupt vector. This 
value is always equal to IPIC_IDX, because of the static line to 
vector mapping. 

11:9 RO 0x0 reserved 

8 RO 0x0 PRV 
Privilege mode: hardwired to 11 (machine mode) 

7:5 RO 0x0 reserved 

4 RW 0x0 IS 
In Service 

3 RW 0x0 

INV 
Line Inversion 
1'b0: no inversion 
1'b1: line inversion 

2 RW 0x0 

IM 
Interrupt Mode 
1'b0: Level interrupt 
1'b1: Edge interrupt 

1 RW 0x0 

IE 
Interrupt Enable Bit 
1'b0: Interrupt disabled 
1'b1: Interrupt enabled 

0 W1
C 0x0 

IP 
Interrupt pending 
1'b0: no interrupt 
1'b1: Interrupt pending 

 
8.4.5 INTMUX Registers Summary  

Name Offset Size Reset 
Value Description 

INTMUX_INT_MASK_GRO
UP0 0x0000 W 0x00000000 Interrupt Group0 Enable Register 

INTMUX_INT_MASK_GRO
UP1 0x0004 W 0x00000000 Interrupt Group1 Enable Register 

INTMUX_INT_MASK_GRO
UP2 0x0008 W 0x00000000 Interrupt Group2 Enable Register 

INTMUX_INT_MASK_GRO
UP3 0x000C W 0x00000000 Interrupt Group3 Enable Register 

INTMUX_INT_MASK_GRO
UP4 0x0010 W 0x00000000 Interrupt Group4 Enable Register 

INTMUX_INT_MASK_GRO
UP5 0x0014 W 0x00000000 Interrupt Group5 Enable Register 

INTMUX_INT_MASK_GRO
UP6 0x0018 W 0x00000000 Interrupt Group6 Enable Register 
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Name Offset Size Reset 
Value Description 

INTMUX_INT_MASK_GRO
UP7 0x001C W 0x00000000 Interrupt Group7 Enable Register 

INTMUX_INT_MASK_GRO
UP8 0x0020 W 0x00000000 Interrupt Group8 Enable Register 

INTMUX_INT_MASK_GRO
UP9 0x0024 W 0x00000000 Interrupt Group9 Enable Register 

INTMUX_INT_MASK_GRO
UP10 0x0028 W 0x00000000 Interrupt Group10 Enable Register 

INTMUX_INT_MASK_GRO
UP11 0x002C W 0x00000000 Interrupt Group11 Enable Register 

INTMUX_INT_MASK_GRO
UP12 0x0030 W 0x00000000 Interrupt Group12 Enable Register 

INTMUX_INT_MASK_GRO
UP13 0x0034 W 0x00000000 Interrupt Group13 Enable Register 

INTMUX_INT_MASK_GRO
UP14 0x0038 W 0x00000000 Interrupt Group14 Enable Register 

INTMUX_INT_MASK_GRO
UP15 0x003C W 0x00000000 Interrupt Group15 Enable Register 

INTMUX_INT_MASK_GRO
UP16 0x0040 W 0x00000000 Interrupt Group16 Enable Register 

INTMUX_INT_MASK_GRO
UP17 0x0044 W 0x00000000 Interrupt Group17 Enable Register 

INTMUX_INT_MASK_GRO
UP18 0x0048 W 0x00000000 Interrupt Group18 Enable Register 

INTMUX_INT_MASK_GRO
UP19 0x004C W 0x00000000 Interrupt Group19 Enable Register 

INTMUX_INT_MASK_GRO
UP20 0x0050 W 0x00000000 Interrupt Group20 Enable Register 

INTMUX_INT_MASK_GRO
UP21 0x0054 W 0x00000000 Interrupt Group21 Enable Register 

INTMUX_INT_MASK_GRO
UP22 0x0058 W 0x00000000 Interrupt Group22 Enable Register 

INTMUX_INT_MASK_GRO
UP23 0x005C W 0x00000000 Interrupt Group23 Enable Register 

INTMUX_INT_MASK_GRO
UP24 0x0060 W 0x00000000 Interrupt Group24 Enable Register 

INTMUX_INT_MASK_GRO
UP25 0x0064 W 0x00000000 Interrupt Group25 Enable Register 

INTMUX_INT_MASK_GRO
UP26 0x0068 W 0x00000000 Interrupt Group26 Enable Register 

INTMUX_INT_MASK_GRO
UP27 0x006C W 0x00000000 Interrupt Group27 Enable Register 
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Name Offset Size Reset 
Value Description 

INTMUX_INT_MASK_GRO
UP28 0x0070 W 0x00000000 Interrupt Group28 Enable Register 

INTMUX_INT_MASK_GRO
UP29 0x0074 W 0x00000000 Interrupt Group29 Enable Register 

INTMUX_INT_MASK_GRO
UP30 0x0078 W 0x00000000 Interrupt Group30 Enable Register 

INTMUX_INT_MASK_GRO
UP31 0x007C W 0x00000000 Interrupt Group31 Enable Register 

INTMUX_INT_FLAG_GROU
P0 0x0080 W 0x00000000 Interrupt Group0 Flag Register 

INTMUX_INT_FLAG_GROU
P1 0x0084 W 0x00000000 Interrupt Group1 Flag Register 

INTMUX_INT_FLAG_GROU
P2 0x0088 W 0x00000000 Interrupt Group2 Flag Register 

INTMUX_INT_FLAG_GROU
P3 0x008C W 0x00000000 Interrupt Group3 Flag Register 

INTMUX_INT_FLAG_GROU
P4 0x0090 W 0x00000000 Interrupt Group4 Flag Register 

INTMUX_INT_FLAG_GROU
P5 0x0094 W 0x00000000 Interrupt Group5 Flag Register 

INTMUX_INT_FLAG_GROU
P6 0x0098 W 0x00000000 Interrupt Group6 Flag Register 

INTMUX_INT_FLAG_GROU
P7 0x009C W 0x00000000 Interrupt Group7 Flag Register 

INTMUX_INT_FLAG_GROU
P8 0x00A0 W 0x00000000 Interrupt Group8 Flag Register 

INTMUX_INT_FLAG_GROU
P9 0x00A4 W 0x00000000 Interrupt Group9 Flag Register 

INTMUX_INT_FLAG_GROU
P10 0x00A8 W 0x00000000 Interrupt Group10 Flag Register 

INTMUX_INT_FLAG_GROU
P11 0x00AC W 0x00000000 Interrupt Group11 Flag Register 

INTMUX_INT_FLAG_GROU
P12 0x00B0 W 0x00000000 Interrupt Group12 Flag Register 

INTMUX_INT_FLAG_GROU
P13 0x00B4 W 0x00000000 Interrupt Group13 Flag Register 

INTMUX_INT_FLAG_GROU
P14 0x00B8 W 0x00000000 Interrupt Group14 Flag Register 

INTMUX_INT_FLAG_GROU
P15 0x00BC W 0x00000000 Interrupt Group15 Flag Register 

INTMUX_INT_FLAG_GROU
P16 0x00C0 W 0x00000000 Interrupt Group16 Flag Register 
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Name Offset Size Reset 
Value Description 

INTMUX_INT_FLAG_GROU
P17 0x00C4 W 0x00000000 Interrupt Group17 Flag Register 

INTMUX_INT_FLAG_GROU
P18 0x00C8 W 0x00000000 Interrupt Group18 Flag Register 

INTMUX_INT_FLAG_GROU
P20 0x00D0 W 0x00000000 Interrupt Group20 Flag Register 

INTMUX_INT_FLAG_GROU
P21 0x00D4 W 0x00000000 Interrupt Group21 Flag Register 

INTMUX_INT_FLAG_GROU
P22 0x00D8 W 0x00000000 Interrupt Group22 Flag Register 

INTMUX_INT_FLAG_GROU
P23 0x00DC W 0x00000000 Interrupt Group23 Flag Register 

INTMUX_INT_FLAG_GROU
P24 0x00E0 W 0x00000000 Interrupt Group24 Flag Register 

INTMUX_INT_FLAG_GROU
P25 0x00E4 W 0x00000000 Interrupt Group25 Flag Register 

INTMUX_INT_FLAG_GROU
P26 0x00E8 W 0x00000000 Interrupt Group26 Flag Register 

INTMUX_INT_FLAG_GROU
P27 0x00EC W 0x00000000 Interrupt Group27 Flag Register 

INTMUX_INT_FLAG_GROU
P28 0x00F0 W 0x00000000 Interrupt Group28 Flag Register 

INTMUX_INT_FLAG_GROU
P29 0x00F4 W 0x00000000 Interrupt Group29 Flag Register 

INTMUX_INT_FLAG_GROU
P30 0x00F8 W 0x00000000 Interrupt Group30 Flag Register 

INTMUX_INT_FLAG_GROU
P31 0x00FC W 0x00000000 Interrupt Group31 Flag Register 

INTMUX_INT_FLAG_LEVE
L2 0x0100 W 0x00000000 Interrupt Flag LEVEL2Register 

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access  
8.4.6 INTMUX Detail Registers Description  
INTMUX_INT_MASK_GROUP0 
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP1 
Address: Operational Base + offset (0x0004) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP2 
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP3 
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP4 
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP5 
Address: Operational Base + offset (0x0014) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP6 
Address: Operational Base + offset (0x0018) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP7 
Address: Operational Base + offset (0x001C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP8 
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP9 
Address: Operational Base + offset (0x0024) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP10 
Address: Operational Base + offset (0x0028) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP11 
Address: Operational Base + offset (0x002C) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP12 
Address: Operational Base + offset (0x0030) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP13 
Address: Operational Base + offset (0x0034) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP14 
Address: Operational Base + offset (0x0038) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP15 
Address: Operational Base + offset (0x003C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP16 
Address: Operational Base + offset (0x0040) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP17 
Address: Operational Base + offset (0x0044) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP18 
Address: Operational Base + offset (0x0048) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP19 
Address: Operational Base + offset (0x004C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP20 
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP21 
Address: Operational Base + offset (0x0054) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP22 
Address: Operational Base + offset (0x0058) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP23 
Address: Operational Base + offset (0x005C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP24 
Address: Operational Base + offset (0x0060) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP25 
Address: Operational Base + offset (0x0064) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP26 
Address: Operational Base + offset (0x0068) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP27 
Address: Operational Base + offset (0x006C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP28 
Address: Operational Base + offset (0x0070) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP29 
Address: Operational Base + offset (0x0074) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP30 
Address: Operational Base + offset (0x0078) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_MASK_GROUP31 
Address: Operational Base + offset (0x007C) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RW 0x00 

MASK 
Each bit represents one interrupt mask bit.  
1'b0: Interrupt enabled 
1'b1: Interrupt disabled 

 
INTMUX_INT_FLAG_GROUP0 
Address: Operational Base + offset (0x0080) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP1 
Address: Operational Base + offset (0x0084) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP2 
Address: Operational Base + offset (0x0088) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP3 
Address: Operational Base + offset (0x008C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP4 
Address: Operational Base + offset (0x0090) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP5 
Address: Operational Base + offset (0x0094) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP6 
Address: Operational Base + offset (0x0098) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP7 
Address: Operational Base + offset (0x009C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP8 
Address: Operational Base + offset (0x00A0) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP9 
Address: Operational Base + offset (0x00A4) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP10 
Address: Operational Base + offset (0x00A8) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP11 
Address: Operational Base + offset (0x00AC) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP12 
Address: Operational Base + offset (0x00B0) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP13 
Address: Operational Base + offset (0x00B4) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP14 
Address: Operational Base + offset (0x00B8) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP15 
Address: Operational Base + offset (0x00BC) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP16 
Address: Operational Base + offset (0x00C0) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP17 
Address: Operational Base + offset (0x00C4) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP18 
Address: Operational Base + offset (0x00C8) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP20 
Address: Operational Base + offset (0x00D0) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP21 
Address: Operational Base + offset (0x00D4) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP22 
Address: Operational Base + offset (0x00D8) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP23 
Address: Operational Base + offset (0x00DC) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP24 
Address: Operational Base + offset (0x00E0) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP25 
Address: Operational Base + offset (0x00E4) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP26 
Address: Operational Base + offset (0x00E8) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP27 
Address: Operational Base + offset (0x00EC) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP28 
Address: Operational Base + offset (0x00F0) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP29 
Address: Operational Base + offset (0x00F4) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP30 
Address: Operational Base + offset (0x00F8) 
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Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_GROUP31 
Address: Operational Base + offset (0x00FC) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 RO 0x00 

FLAG 
Each bit represents one interrupt is in service. 
1'b1: Interrupt in service 
1'b0: Interrupt out of service 

 
INTMUX_INT_FLAG_LEVEL2 
Address: Operational Base + offset (0x0100) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

INT_FLAG_32MUX4 
Each bit correspoding to a INT_FLAG_GROUP  
1'b1: INT_FLAG_GROUP in service 
1'b0: INT_FLAG_GROUP out of service  

 

8.5 Interface Description  
Table 8-1 Serial Wire Debug Interface Description 

0RGXOH�
3LQ 'LU� 3LQ�1DPH ,208;�6HWWLQJ 

TCK I I2C1_SDA/CAN0_RX_M0/PCIE20_BUTTONRSTn/MCU_JTA
G_TCK/GPIO0_B4_u PMUGRF_GPIO0B_IOMUX_H>���@ �¶E��00 

TMS I/O PWM3_IR/EDP_DP_HPDIN_M1/PCIE30X1_WAKEn_M0/MC
U_JTAG_TMS/GPIO0_C2_d PMUGRF_GPIO0C_IOMUX_L[1���@ �¶E��00 

TRSTN I PWM4/VOP_PWM_M0/PCIE30X1_PERSTn_M0/MCU_JTAG_
TRSTn/GPIO0_C3_d GRF_GPIO0C_IOMUX_/>�����@ �¶E��00 

TDO O I2C1_SCL/CAN0_TX_M0/PCIE30X1_BUTTONRSTn/MCU_JT
AG_TDO/GPIO0_B3_u PMUGRF_GPIO0B_IOMUX_L>�����@ �¶E��00 

TDI I PWM2_M0/NPUAVS/UART0_TX/MCU_JTAG_TDI/GPIO0_C1
_d PMUGRF_GPIO0C_IOMUX_L[7:4@ �¶E��00 

1RWHV��8QXVHG�0RGXOH�3LQ�LV�WLHG�WR�]HUR��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 

8.6 Application Notes  
z +RZ�WR�ERRW"�  

&XUUHQWO\��WKH�0&8�FRUH�ERRW�DGGUHVV�LV�FRQILJXUDEOH��LWV�GHIDXOW�YDOXH�LV���¶K����B������
DQG�WKH�GHIDXOW�YDOXH�RI�WUDS�YHFWRU�EDVH�DGGUHVV�LV���¶K����B��F���\RX�FDQ�FRQILJXUH�
6&5�B%227B$''5�RI�6*5)�EHIRUH�GH�DVVHUW�LWV�UHVHW��LI�\RX�FKDQJH�WKH�ERRW�DGGUHVV��GRQ¶W�
IRUJHW�WR�FRQILJXUH�WKH�0&8B&65B079(&�UHJLVWHU�E\�V\VWHP�LQVWUXFWLRQV� 

z $UH���,54�OLQHV�HQRXJK"�  
$FWXDOO\��WKHUH�DUH�����,54�OLQHV�LQ�IXOO�FKLS��DQG�DOO�RI�WKHVH�,54�OLQHV�DUH�FRQQHFWHG�WR�0&8�
FRUH��WKHUH�LV�D����WR��08;�IRU�WKHVH�,54�OLQHV�EHIRUH�HQWHULQJ�WR�,3,&�RI�0&8�FRUH��(DFK���
,54�OLQHV�LV�UHJDUG�DV�RQH�JURXS�DQG�FRQQHFW�WR�RQH�,54�OLQH�RI�0&8�FRUH��1RW�RQO\�:H�
VKRXOG�FRQILJXUH�,3,&��EXW�DOVR�FRQILJXUH�,1708;�EHIRUH�DFWLYDWHV�,54� 
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Chapter 9 GIC-600 
9  

9.1 Overview 
7KH�*,&�����LQ�5.�����SURYLGHV�UHJLVWHUV�IRU�PDQDJLQJ�LQWHUUXSW�VRXUFHV��LQWHUUXSW�
EHKDYLRU��DQG�LQWHUUXSW�URXWLQJ�WR�RQH�RU�PRUH�FRUHV��  
7KH�FRQILJXUDWLRQ�RI�*,&�����LV�VKRZQ�EHORZ� 

Table 9-1 GIC-600 configuration 
&RQILJXUDWLRQ�LWHP 9DOXH 
QXPBFOXVWHUV � 
JLFBQXPBULGBELWV �� 
QXPBVSLV ��� 
GLVDEOHBVHFXULW\ IDOVH 
JLFBQXPBZLGBELWV �� 
OSLBVXSSRUW WUXH 
FSXVBSHUBFOVXWHUB� � 
DUHBRSWLRQ IDOVH 
OSLBUDPBGHSWK ��� 
GLGBZLGWK �� 
7KH�*,&�����LQ�5.�����VXSSRUWV�IROORZLQJ�IHDWXUH� 
z Support 1 cluster 
z Support cluster 0 with 4 CPUs 
z The following interrupt types: 

� Locality-specific Peripheral Interrupts (LPIs). These interrupts are generated by a 
peripheral writing to a memory-mapped register in the GIC-600. 

� 320 Shared Peripheral Interrupts (SPIs) 
� 16 Private Peripheral Interrupts (PPIs), that are independent for each core and can 

be programmed to support either edge-triggered or level-sensitive interrupts 
� 16 SGIs, that are generated either by using software to write to GICD_SGIR or 

through the GIC CPU interface of a core 
z Interrupt Translation Service (ITS). This provides device isolation and ID translation for 

message-based interrupts, which allows virtual machines to program devices directly 
z Memory-mapped access to all registers 
z Interrupt masking and prioritization 
z Programmable interrupt routing that is based on affinity 
z Three different interrupt groups, which allow interrupts to target different Exception levels: 

� Group 0 
� Non-secure Group 1 
� Secure Group 1 

z A global Disable Security (DS) bit. This allows support for systems with and without 
security 

z 32 priority values, five bits for each interrupt 

9.2 Block Diagram 
7KH�*,&�����LQ�WKH�5.�����LV�FRQQHFWHG�ZLWK�&38�FOXVWHU�WKURXJK�$;,�6WUHDP�EXV��DV�
VKRZQ�EHORZ� 
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Cortex-A55(quad core)

GIC600

ADB400 AXI Stream
PPI

 
Fig. 9-1 Block Diagram 

9.3 Function Description 
Please refer to the document ARM_GIC-600_r1p6-00rel0_Technical_Reference_Manual.pdf 
for the detail function description. 
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Chapter 10 DMA Controller (DMAC) 
10  

10.1 Overview 
7KLV�GHYLFH�VXSSRUWV���'LUHFW�0HPRU\�$FFHVV��'0$��&RQWUROOHU��'0$&����VXSSRUW�WUDQVIHUV�
EHWZHHQ�PHPRU\�DQG�PHPRU\��SHULSKHUDO�DQG�PHPRU\��'0$&����LV�XQGHU�1RQ�VHFXUH�VWDWH�
DIWHU�UHVHW��DQG�WKH�6HFXUH�VWDWH�FDQ�EH�FKDQJHG�E\�FRQILJXUDEOH�6*5)�PRGXOH� 
'0$&�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z DMAC0 Supports 32 peripheral requests 
z DMAC1 Supports 17 peripheral requests 
z Up to 64 bits data size 
z 8 channel at the same time 
z Up to burst 16 
z 16 interrupts output and 1 abort output 
z Supports 128 MFIFO depth 
)ROORZLQJ�WDEOH�VKRZV�WKH�'0$&�UHTXHVW�PDSSLQJ�VFKHPH� 

Table 10-1 DMAC Request Mapping Table 
'0$&� 

5HT�QXPEHU 6RXUFH 3RODULW\ 
� 8$57�B7; +LJK�OHYHO 
� 8$57�B5; +LJK�OHYHO 
� 8$57�B7; +LJK�OHYHO 
� 8$57�B5; +LJK�OHYHO 
� 8$57�B7; +LJK�OHYHO 
� 8$57�B5; +LJK�OHYHO 
� 8$57�B7; +LJK�OHYHO 
� 8$57�B5; +LJK�OHYHO 
� 8$57�B7; +LJK�OHYHO 
� 8$57�B5; +LJK�OHYHO 
�� 8$57�B7; +LJK�OHYHO 
�� 8$57�B5; +LJK�OHYHO 
�� 8$57�B7; +LJK�OHYHO 
�� 8$57�B5; +LJK�OHYHO 
�� 8$57�B7; +LJK�OHYHO 
�� 8$57�B5; +LJK�OHYHO 
�� 8$57�B7; +LJK�OHYHO 
�� 8$57�B5; +LJK�OHYHO 
�� 8$57�B7; +LJK�OHYHO 
�� 8$57�B5; +LJK�OHYHO 
�� 63,�B7; +LJK�OHYHO 
�� 63,�B5; +LJK�OHYHO 
�� 63,�B7; +LJK�OHYHO 
�� 63,�B5; +LJK�OHYHO 
�� 63,�B7; +LJK�OHYHO 
�� 63,�B5; +LJK�OHYHO 
�� 63,�B7; +LJK�OHYHO 
�� 63,�B5; +LJK�OHYHO 
�� 3:0�B7; +LJK�OHYHO 
�� 3:0�B7; +LJK�OHYHO 
�� 3:0�B7; +LJK�OHYHO 
�� 3:0�B7; +LJK�OHYHO 

'0$&� 
5HT�QXPEHU 6RXUFH 3RODULW\ 
� ,�6�B�&+B7; +LJK�OHYHO 
� 63',) +LJK�OHYHO 
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� ,�6�B�&+B7; +LJK�OHYHO 
� ,�6�B�&+B5; +LJK�OHYHO 
� ,�6�B�&+B7; +LJK�OHYHO 
� ,�6�B�&+B5; +LJK�OHYHO 
� ,�6�B�&+B7; +LJK�OHYHO 
� ,�6�B�&+B5; +LJK�OHYHO 
� $8'3:0 +LJK�OHYHO 
� 3'0 +LJK�OHYHO 
�� 6'00&B%8))(5 +LJK�OHYHO 
�� &$1�B7; +LJK�OHYHO 
�� &$1�B5; +LJK�OHYHO 
�� &$1�B7; +LJK�OHYHO 
�� &$1�B5; +LJK�OHYHO 
�� &$1�B7; +LJK�OHYHO 
�� &$1�B5; +LJK�OHYHO 

 
'0$&�VXSSRUWV�LQFUHPHQWLQJ�DGGUHVV�EXUVW�DQG�IL[HG�DGGUHVV�EXUVW��%XW�LQ�WKH�FDVH�RI�
DFFHVV�WR�63,�DQG�8$57�DW�E\WH�RU�KDOIZRUG�VL]H��'0$&�RQO\�VXSSRUWV�IL[HG�DGGUHVV�EXUVW�
DQG�WKH�DGGUHVV�PXVW�EH�DOLJQHG�WR�ZRUG� 

10.2 Block Diagram 
)ROORZLQJ�ILJXUH�VKRZV�WKH�EORFN�GLDJUDP�RI�'0$&� 

26

 
Fig. 10-1 Block Diagram of DMAC 

$V�WKH�'0$&�VXSSRUWV�7UXVW=RQH�WHFKQRORJ\��VR�GXDO�$3%�LQWHUIDFHV�HQDEOH�WKH�RSHUDWLRQ�RI�
WKH�'0$&�WR�EH�SDUWLWLRQHG�LQWR�WKH�6HFXUH�VWDWH�DQG�1RQ�VHFXUH�VWDWH��<RX�FDQ�XVH�WKH�$3%�
LQWHUIDFHV�WR�DFFHVV�VWDWXV�UHJLVWHUV�DQG�DOVR�GLUHFWO\�H[HFXWH�LQVWUXFWLRQV�LQ�WKH�'0$&��7KH�
GHIDXOW�LQWHUIDFH�DIWHU�UHVHW�LV�1RQ�VHFXUH�$3%�LQWHUIDFH� 

10.3 Function Description 
10.3.1 ,QWURGXFWLRQ 
7KH�'0$&�FRQWDLQV�DQ�LQVWUXFWLRQ�SURFHVVLQJ�EORFN�WKDW�HQDEOHV�LW�WR�SURFHVV�SURJUDP�FRGH�
WKDW�FRQWUROV�D�'0$�WUDQVIHU��7KH�SURJUDP�FRGH�LV�VWRUHG�LQ�D�UHJLRQ�RI�V\VWHP�PHPRU\�WKDW�
WKH�'0$&�DFFHVVHV�XVLQJ�LWV�$;,�LQWHUIDFH��7KH�'0$&�VWRUHV�LQVWUXFWLRQV�WHPSRUDULO\�LQ�D�
FDFKH��,W�VXSSRUWV���FKDQQHOV��HDFK�FKDQQHO�FDSDEOH�RI�VXSSRUWLQJ�D�VLQJOH�FRQFXUUHQW�WKUHDG�
RI�'0$�RSHUDWLRQ��,Q�DGGLWLRQ��D�VLQJOH�'0$�PDQDJHU�WKUHDG�H[LVWV��DQG�\RX�FDQ�XVH�LW�WR�
LQLWLDOL]H�WKH�'0$�FKDQQHO�WKUHDGV��7KH�'0$&�H[HFXWHV�XS�WR�RQH�LQVWUXFWLRQ�IRU�HDFK�$;,�
FORFN�F\FOH��7R�HQVXUH�WKDW�LW�UHJXODUO\�H[HFXWHV�HDFK�DFWLYH�WKUHDG��LW�DOWHUQDWHV�E\�
SURFHVVLQJ�WKH�'0$�PDQDJHU�WKUHDG�DQG�WKHQ�D�'0$�FKDQQHO�WKUHDG��,W�XVHV�D�URXQG�URELQ�
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SURFHVV�ZKHQ�VHOHFWLQJ�WKH�QH[W�DFWLYH�'0$�FKDQQHO�WKUHDG�WR�H[HFXWH� 
7KH�'0$&�XVHV�YDULDEOH�OHQJWK�LQVWUXFWLRQV�WKDW�FRQVLVW�RI�RQH�WR�VL[�E\WHV��,W�SURYLGHV�D�
VHSDUDWH�3URJUDP�&RXQWHU��3&��UHJLVWHU�IRU�HDFK�'0$�FKDQQHO��:KHQ�D�WKUHDG�UHTXHVWV�DQ�
LQVWUXFWLRQ�IURP�DQ�DGGUHVV��WKH�FDFKH�SHUIRUPV�D�ORRN�XS��,I�D�FDFKH�KLW�RFFXUV��WKHQ�WKH�
FDFKH�LPPHGLDWHO\�SURYLGHV�WKH�GDWD��2WKHUZLVH��WKH�WKUHDG�LV�VWDOOHG�ZKLOH�WKH�'0$&�XVHV�
WKH�$;,�LQWHUIDFH�WR�SHUIRUP�D�FDFKH�OLQH�ILOO��,I�DQ�LQVWUXFWLRQ�LV�JUHDWHU�WKDQ���E\WHV��RU�
VSDQV�WKH�HQG�RI�D�FDFKH�OLQH��WKH�'0$&�SHUIRUPV�PXOWLSOH�FDFKH�DFFHVVHV�WR�IHWFK�WKH�
LQVWUXFWLRQ� 
:KHQ�D�FDFKH�OLQH�ILOO�LV�LQ�SURJUHVV��WKH�'0$&�HQDEOHV�RWKHU�WKUHDGV�WR�DFFHVV�WKH�FDFKH��
EXW�LI�DQRWKHU�FDFKH�PLVV�RFFXUV��WKLV�VWDOOV�WKH�SLSHOLQH�XQWLO�WKH�ILUVW�OLQH�ILOO�LV�FRPSOHWH� 
:KHQ�D�'0$�FKDQQHO�WKUHDG�H[HFXWHV�D�ORDG�RU�VWRUH�LQVWUXFWLRQ��WKH�'0$&�DGGV�WKH�
LQVWUXFWLRQ�WR�WKH�UHOHYDQW�UHDG�RU�ZULWH�TXHXH��7KH�'0$&�XVHV�WKHVH�TXHXHV�DV�DQ�
LQVWUXFWLRQ�VWRUDJH�EXIIHU�SULRU�WR�LW�LVVXLQJ�WKH�LQVWUXFWLRQV�RQ�WKH�$;,�EXV��7KH�'0$&�DOVR�
FRQWDLQV�D�0XOWL�)LUVW�,Q�)LUVW�2XW��0),)2��GDWD�EXIIHU�WKDW�LW�XVHV�WR�VWRUH�GDWD�WKDW�LW�UHDGV��
RU�ZULWHV��GXULQJ�D�'0$�WUDQVIHU� 
10.3.2 2SHUDWLQJ�VWDWHV 
)ROORZLQJ�ILJXUH�VKRZV�WKH�RSHUDWLQJ�VWDWHV�IRU�WKH�'0$�PDQDJHU�WKUHDG�DQG�'0$�FKDQQHO�
WKUHDGV� 

 
Fig. 10-2 DMAC Operation State 

1RWHV��DUFV�ZLWK�QR�OHWWHU�GHVLJQDWRU�LQGLFDWH�VWDWH�WUDQVLWLRQV�IRU�WKH�'0$�PDQDJHU�DQG�'0$�FKDQQHO�
WKUHDGV��RWKHUZLVH�XVH�LV�UHVWULFWHG�DV�IROORZV� 
&� �'0$�FKDQQHO�WKUHDGV�RQO\� 
0��'0$�PDQDJHU�WKUHDG�RQO\� 
$IWHU�WKH�'0$&�H[LWV�IURP�UHVHW��LW�VHWV�DOO�'0$�FKDQQHO�WKUHDGV�WR�WKH�VWRSSHG�VWDWH��DQG�
'0$�PDQDJHU�WKUHDG�PRYHV�WR�WKH�6WRSSHG�VWDWH� 

10.4 Register Description 
10.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV��  
10.4.2 5HJLVWHUV�6XPPDU\ 
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1DPH�  2IIVHW�  6L]H�  5HVHW�
9DOXH�  'HVFULSWLRQ�  

DMAC_DSR  0x0000  W  0x00000000  DMA Manager Status Register  
DMAC_DPC  0x0004  W  0x00000000  DMA Program Counter Register  
DMAC_INTEN  0x0020  W  0x00000000  Interrupt Enable Register  

DMAC_EVENT_RIS  0x0024  W  0x00000000  Event-Interrupt Raw Status 
Register  

DMAC_INTMIS  0x0028  W  0x00000000  Interrupt Status Register  
DMAC_INTCLR  0x002c  W  0x00000000  Interrupt Clear Register  

DMAC_FSRD  0x0030  W  0x00000000  Fault Status DMA Manager 
Register  

DMAC_FSRC  0x0034  W  0x00000000  Fault Status DMA Channel 
Register  

DMAC_FTRD  0x0038  W  0x00000000  Fault Type DMA Manager Register  

DMAC_FTR0  0x0040  W  0x00000000  Fault Type DMA Channel 0 
Register  

DMAC_FTR1  0x0044  W  0x00000000  Fault Type DMA Channel 1 
Register  

DMAC_FTR2  0x0048  W  0x00000000  Fault Type DMA Channel 2 
Register  

DMAC_FTR3  0x004c  W  0x00000000  Fault Type DMA Channel 3 
Register  

DMAC_FTR4  0x0050  W  0x00000000  Fault Type DMA Channel 4 
Register  

DMAC_FTR5  0x0054  W  0x00000000  Fault Type DMA Channel 5 
Register  

DMAC_FTR6  0x0058  W  0x00000000  Fault Type DMA Channel 6 
Register  

DMAC_FTR7  0x005c  W  0x00000000  Fault Type DMA Channel 7 
Register  

DMAC_CSR0  0x0100  W  0x00000000  Channel 0 Status Register  

DMAC_CPC0  0x0104  W  0x00000000  Channel 0 Program Counter 
Register  

DMAC_CSR1  0x0108  W  0x00000000  Channel 1 Status Register  

DMAC_CPC1  0x010c  W  0x00000000  Channel 1 Program Counter 
Register  

DMAC_CSR2  0x0110  W  0x00000000  Channel 2 Status Register  

DMAC_CPC2  0x0114  W  0x00000000  Channel 2 Program Counter 
Register  

DMAC_CSR3  0x0118  W  0x00000000  Channel 3 Status Register  

DMAC_CPC3  0x011c  W  0x00000000  Channel 3 Program Counter 
Register  

DMAC_CSR4  0x0120  W  0x00000000  Channel 4 Status Register  

DMAC_CPC4  0x0124  W  0x00000000  Channel 4 Program Counter 
Register  

DMAC_CSR5  0x0128  W  0x00000000  Channel 5 Status Register  

DMAC_CPC5  0x012c  W  0x00000000  Channel 5 Program Counter 
Register  

DMAC_CSR6  0x0130  W  0x00000000  Channel 6 Status Register  

DMAC_CPC6  0x0134  W  0x00000000  Channel 6 Program Counter 
Register  

DMAC_CSR7  0x0138  W  0x00000000  Channel 7 Status Register  

DMAC_CPC7  0x013c  W  0x00000000  Channel 7 Program Counter 
Register  
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DMAC_SAR0  0x0400  W  0x00000000  Channel 0 Source Address 
Register  

DMAC_DAR0  0x0404  W  0x00000000  Channel 0 Destination Address 
Register  

DMAC_CCR0  0x0408  W  0x00000000  Channel 0 Channel Control 
Register  

DMAC_LC0_0  0x040c  W  0x00000000  Channel 0 Loop Counter 0 
Register  

DMAC_LC1_0  0x0410  W  0x00000000  Channel 0 Loop Counter 1 
Register  

DMAC_SAR1  0x0420  W  0x00000000  Channel 1 Source Address 
Register  

DMAC_DAR1  0x0424  W  0x00000000  Channel 1 Destination Address 
Register  

DMAC_CCR1  0x0428  W  0x00000000  Channel 1 Channel Control 
Register  

DMAC_LC0_1  0x042c  W  0x00000000  Channel 1 Loop Counter 0 
Register  

DMAC_LC1_1  0x0430  W  0x00000000  Channel 1 Loop Counter 1 
Register  

DMAC_SAR2  0x0440  W  0x00000000  Channel 2 Source Address 
Register  

DMAC_DAR2  0x0444  W  0x00000000  Channel 2 Destination Address 
Register  

DMAC_CCR2  0x0448  W  0x00000000  Channel 2 Channel Control 
Register  

DMAC_LC0_2  0x044c  W  0x00000000  Channel 2 Loop Counter 0 
Register  

DMAC_LC1_2  0x0450  W  0x00000000  Channel 2 Loop Counter 1 
Register  

DMAC_SAR3  0x0460  W  0x00000000  Channel 3 Source Address 
Register  

DMAC_DAR3  0x0464  W  0x00000000  Channel 3 Destination Address 
Register  

DMAC_CCR3  0x0468  W  0x00000000  Channel 3 Channel Control 
Register  

DMAC_LC0_3  0x046c  W  0x00000000  Channel 3 Loop Counter 0 
Register  

DMAC_LC1_3  0x0470  W  0x00000000  Channel 3 Loop Counter 1 
Register  

DMAC_SAR4  0x0480  W  0x00000000  Channel 4 Address Register  

DMAC_DAR4  0x0484  W  0x00000000  Channel 4 Destination Address 
Register  

DMAC_CCR4  0x0488  W  0x00000000  Channel 4 Channel Control 
Register  

DMAC_LC0_4  0x048c  W  0x00000000  Channel 4 Loop Counter 0 
Register  

DMAC_LC1_4  0x0490  W  0x00000000  Channel 4 Loop Counter 1 
Register  

DMAC_SAR5  0x04a0  W  0x00000000  Channel 5 Address Register  

DMAC_DAR5  0x04a4  W  0x00000000  Channel 5 Destination Address 
Register  

DMAC_CCR5  0x04a8  W  0x00000000  Channel 5 Channel Control 
Register  
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DMAC_LC0_5  0x04ac  W  0x00000000  Channel 5 Loop Counter 0 
Register  

DMAC_LC1_5  0x04b0  W  0x00000000  Channel 5 Loop Counter 1 
Register  

DMAC_SAR6  0x04c0  W  0x00000000  Channel 6 Source Address 
Register  

DMAC_DAR6  0x04c4  W  0x00000000  Channel 6 Destination Address 
Register  

DMAC_CCR6  0x04c8  W  0x00000000  Channel 6 Channel Control 
Register  

DMAC_LC0_6  0x04cc  W  0x00000000  Channel 6 Loop Counter 0 
Register  

DMAC_LC1_6  0x04d0  W  0x00000000  Channel 6 Loop Counter 1 
Register  

DMAC_SAR7  0x04e0  W  0x00000000  Channel 7 Source Address 
Register  

DMAC_DAR7  0x04e4  W  0x00000000  Channel 7 Destination Address 
Register  

DMAC_CCR7  0x04e8  W  0x00000000  Channel 7 Channel Control 
Register  

DMAC_LC0_7  0x04ec  W  0x00000000  Channel 7 Loop Counter 0 
Register  

DMAC_LC1_7  0x04f0  W  0x00000000  Channel 7 Loop Counter 1 
Register  

DMAC_DBGSTATUS  0x0d00  W  0x00000000  Debug Status Register  
DMAC_DBGCMD  0x0d04  W  0x00000000  Debug Command Register  
DMAC_DBGINST0  0x0d08  W  0x00000000  Debug Instruction-0 Register  
DMAC_DBGINST1  0x0d0c  W  0x00000000  Debug Instruction-1 Register  
DMAC_CR0  0x0e00  W  0x001f3075  Configuration Register 0  
DMAC_CR1  0x0e04  W  0x000000b5  Configuration Register 1  
DMAC_CR2  0x0e08  W  0x00000000  Configuration Register 2  
DMAC_CR3  0x0e0c  W  0x0000ffff  Configuration Register 3  
DMAC_CR4  0x0e10  W  0x000fffff  Configuration Register 4  
DMAC_CRDn  0x0e14  W  0x07ff7f73  Configuration Register  
DMAC_WD  0x0e80  W  0x00000000  DMA Watchdog Register  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
10.4.3 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
'0$&B'65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:10   RO   0x0  reserved 

9   RO   0x0  
dns 
1'b0: DMA manager operates in the Secure state 
1'b1: DMA manager operates in the Non-secure state 

8:4   RO   0x00  

wakeup_event 
5'h0: event[0] 
5'h1: event[1] 
5'h2: event[2] 
« 
5'h1f: event[31] 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:0   RO   0x0  

dma_status 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'hf: Faulting 
Others: Reserved 

 
'0$&B'3&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_mgr 
Program counter for the DMA manager thread 

 
'0$&B,17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RW   0x00000000  

event_irq_select 
Bit [N] 
1'b0: If the DMAC executes DMASEV for the event-interrupt 
resource N then the DMAC signals event N to all of the threads. 
Set bit [N] to 0 if your system design does not use irq[N] to 
signal an interrupt request. 
1'b1: If the DMAC executes DMASEV for the event-interrupt 
resource N then the DMAC sets irq[N] HIGH. Set bit [N] to 1 if 
your system designer requires irq[N] to signal an interrupt 
request. 

 
'0$&B(9(17B5,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  

dmasev_active 
Bit [N] 
1'b0: Event N is inactive or irq[N] is LOW 
1'b1: Event N is active or irq[N] is HIGH 

 
'0$&B,170,6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  

irq_status 
Bit [N] 
1'b0: Interrupt N is inactive and therefore irq[N] is LOW 
1'b1: Interrupt N is active and therefore irq[N] is HIGH 

 
'0$&B,17&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   WO   0x00000000  

irq_clr 
Bit [N] 
1'b0: The status of irq[N] does not change 
1'b1: The DMAC sets irq[N] LOW if the DMAC_INTEN Register 
programs the DMAC to signal an interrupt. Otherwise, the status 
of irq[N] does not change. 
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'0$&B)65'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:1   RO   0x0  reserved 

0   RO   0x0  
fs_mgr 
1'b0: The DMA manager thread is not in the Faulting state 
1'b1: The DMA manager thread is in the Faulting state 

 
'0$&B)65&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  

fault_status 
Bit [N] 
1'b0: No fault is present on DMA channel N 
1'b1: DMA channel N is in the Faulting or Faulting completing 
state 

 
'0$&B)75'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  reserved 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 

29:17   RO   0x0  reserved 

16   RO   0x0  

instr_fetch_err 
Performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 

15:6   RO   0x0  reserved 

5   RO   0x0  

mgr_evnt_err 
1'b0: DMA manager has appropriate security to execute DMAWFE 
or DMASEV 
1'b1: DMA manager thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 

4   RO   0x0  

dmago_err 
1'b0: DMA manager has appropriate security to execute DMAGO 
1'b1: DMA manager thread in the Non-secure state attempted to 
execute DMAGO to create a DMA channel operating in the Secure 
state 

3:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
The configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 

0   RW   0x0  
undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 

 
'0$&B)75��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: a DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: a DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 
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30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 
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6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 
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17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 
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1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 
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12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 
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30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 
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6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 

1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B)75��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31   RO   0x0  

lockup_err 
1'b0: DMA channel has adequate resources 
1'b1: DMA channel has locked-up because of insufficient 
resources 
This fault is an imprecise abort. 

30   RO   0x0  

dbg_instr 
Memory or from the debug interface. 
1'b0: Instruction that generated an abort was read from system 
memory 
1'b1: Instruction that generated an abort was read from the 
debug interface 
This fault is an imprecise abort but the bit is only valid when a 
precise abort occurs. 

29:19   RO   0x0  reserved 

18   RO   0x0  

data_read_err 
Thread performs a data read. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 
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17   RO   0x0  

data_write_err 
Thread performs a data write. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is an imprecise abort. 

16   RO   0x0  

instr_fetch_err 
Thread performs an instruction fetch. 
1'b0: OKAY response 
1'b1: EXOKAY, SLVERR, or DECERR response 
This fault is a precise abort. 

15:14   RO   0x0  reserved 

13   RO   0x0  

st_data_unavailable 
1'b0: MFIFO contains all the data to enable the DMAST to 
complete 
1'b1: Previous DMALDs have not put enough data in the MFIFO to 
enable the DMAST to complete 
This fault is a precise abort. 

12   RO   0x0  

mfifo_err 
DMALD 
1'b0: MFIFO contains sufficient space 
1'b1: MFIFO is too small to hold the data that DMALD requires 
DMAST 
1'b0: MFIFO contains sufficient data 
1'b1: MFIFO is too small to store the data to enable DMAST to 
complete 
This fault is an imprecise abort. 

11:8   RO   0x0  reserved 

7   RO   0x0  

ch_rdwr_err 
To perform a secure read or secure write. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
perform a secure read or secure write 
This fault is a precise abort. 

6   RO   0x0  

ch_periph_err 
DMASTP, or DMAFLUSHP with inappropriate security permissions. 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFP to wait for a secure peripheral 
b. DMALDP or DMASTP to notify a secure peripheral 
c. DMAFLUSHP to flush a secure peripheral 
This fault is a precise abort. 

5   RO   0x0  

ch_event_err 
1'b0: A DMA channel thread in the Non-secure state is not 
violating the security permissions 
1'b1: A DMA channel thread in the Non-secure state attempted to 
execute either: 
a. DMAWFE to wait for a secure event 
b. DMASEV to create a secure event or secure interrupt 
This fault is a precise abort. 

4:2   RO   0x0  reserved 
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1   RO   0x0  

operand_invalid 
Valid for the configuration of the DMAC. 
1'b0: Valid operand 
1'b1: Invalid operand 
This fault is a precise abort. 

0   RO   0x0  

undef_instr 
1'b0: Defined instruction 
1'b1: Undefined instruction 
This fault is a precise abort. 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 

3:0   RO   0x0  

channel_status 
Channel 0 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 0 thread 

 
'0$&B&65��  
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31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 

3:0   RO   0x0  

channel_status 
Channel 1 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 1 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 
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14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 

3:0   RO   0x0  

channel_status 
Channel 2 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 2 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 

3:0   RO   0x0  

channel_status 
Channel 3 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 3 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:0   RO   0x0  

channel_status 
Channel 4 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 4 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:0   RO   0x0  

channel_status 
Channel 5 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 5 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  573 

%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:0   RO   0x0  

channel_status 
Channel 6 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 6 thread 

 
'0$&B&65��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:22   RO   0x0  reserved 

21   RO   0x0  
cns 
1'b0: DMA channel operates in the Secure state 
1'b1: DMA channel operates in the Non-secure state 

20:16   RO   0x0  reserved 

15   RO   0x0  
dmawfp_periph 
1'b0: DMAWFP executed with the periph operand not set 
1'b1: DMAWFP executed with the periph operand set 

14   RO   0x0  
dmawfp_b_ns 
1'b0: DMAWFP executed with the single operand set 
1'b1: DMAWFP executed with the burst operand set 

13:9   RO   0x0  reserved 

8:4   RO   0x00  

wakeup_number 
Indicate the event or peripheral number that the channel is 
waiting for. 
5'h0: DMA channel is waiting for event, or peripheral, 0 
5'h1: DMA channel is waiting for event, or peripheral, 1 
5'h2: DMA channel is waiting for event, or peripheral, 2 
« 
5'h1f: DMA channel is waiting for event, or peripheral, 31 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:0   RO   0x0  

channel_status 
Channel 7 status. 
4'h0: Stopped 
4'h1: Executing 
4'h2: Cache miss 
4'h3: Updating PC 
4'h4: Waiting for event 
4'h5: At barrier 
4'h7: Waiting for peripheral 
4'h8: Killing 
4'h9: Completing 
4'he: Faulting completing 
4'hf: Faulting 
Others: Reserved 

 
'0$&B&3&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  pc_chnl 
Program counter for the DMA channel 7 thread 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 0 

 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 0 

'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 1 

 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 1 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 2 

 
'0$&B'$5��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 2 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 3 

 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 3 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 4 

 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 4 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 5 

 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 5 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 6 

 
 
'0$&B'$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 6 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B6$5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  src_addr 
Address of the source data for DMA channel 7 

 
'0$&B'$5��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  dst_addr 
Address of the Destination data for DMA channel 7 

 
'0$&B&&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:28   RO   0x0  reserved 

27:25   RO   0x0  

dst_cache_ctrl 
Bit [27]  
1'b0: AWCACHE[3] is LOW 
1'b1: AWCACHE[3] is HIGH 
Bit [26]  
1'b0: AWCACHE[1] is LOW 
1'b1: AWCACHE[1] is HIGH 
Bit [25]  
1'b0: AWCACHE[0] is LOW 
1'b1: AWCACHE[0] is HIGH 

24:22   RO   0x0  

dst_prot_ctrl 
Bit [24]  
1'b0: AWPROT[2] is LOW 
1'b1: AWPROT[2] is HIGH 
Bit [23]  
1'b0: AWPROT[1] is LOW 
1'b1: AWPROT[1] is HIGH 
Bit [22]  
1'b0: AWPROT[0] is LOW 
1'b1: AWPROT[0] is HIGH 

21:18   RO   0x0  

dst_burst_len 
the destination data: 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

17:15   RO   0x0  

dst_burst_size 
3'h0: Writes 1 byte per beat 
3'h1: Writes 2 bytes per beat 
3'h2: Writes 4 bytes per beat 
3'h3: Writes 8 bytes per beat 
3'h4: Writes 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC writes out of the MFIFO 
when it executes a DMAST instruction is the product of 
dst_burst_len and dst_burst_size. 

14   RO   0x0  

dst_inc 
1'b0: Fixed-address burst. The DMAC signals AWBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
AWBURST[0] HIGH. 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

13:11   RO   0x0  

src_cache_ctrl 
Bit [13] 
1'b0: ARCACHE[2] is LOW 
1'b1: ARCACHE[2] is HIGH 
Bit [12] 
1'b0: ARCACHE[1] is LOW 
1'b1: ARCACHE[1] is HIGH 
Bit [11] 
1'b0: ARCACHE[0] is LOW 
1'b1: ARCACHE[0] is HIGH 

10:8   RO   0x0  

src_prot_ctrl 
Bit [10]   
1'b0: ARPROT[2] is LOW 
1'b1: ARPROT[2] is HIGH 
Bit [9]   
1'b0: ARPROT[1] is LOW 
1'b1: ARPROT[1] is HIGH 
Bit [8]   
1'b0: ARPROT[0] is LOW 
1'b1: ARPROT[0] is HIGH 

7:4   RO   0x0  

src_burst_len 
4'h0: 1 data transfer 
4'h1: 2 data transfers 
4'h2: 3 data transfers 
« 
4'hf: 16 data transfers 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

3:1   RO   0x0  

src_burst_size 
3'h0: Reads 1 byte per beat 
3'h1: Reads 2 bytes per beat 
3'h2: Reads 4 bytes per beat 
3'h3: Reads 8 bytes per beat 
3'h4: Reads 16 bytes per beat 
Others: Reserved 
The total number of bytes that the DMAC reads into the MFIFO 
when it executes a DMALD instruction is the product of 
src_burst_len and src_burst_size. 

0   RO   0x0  

src_inc 
1'b0: Fixed-address burst. The DMAC signals ARBURST[0] LOW. 
1'b1: Incrementing-address burst. The DMAC signals 
ARBURST[0] HIGH. 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 0 iterations 

 
'0$&B/&�B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:8   RO   0x0  reserved 

7:0   RO   0x00  loop_counter_iterations 
Loop counter 1 iterations 

 
'0$&B'%*67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�G����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:1   RO   0x0  reserved 

0   RO   0x0  
dbgstatus 
1'b0: Idle 
1'b1: Busy 

 
'0$&B'%*&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�G����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:2   RO   0x0  reserved 

1:0   WO   0x0  

dbgcmd 
2'b00: Execute the instruction that the DMAC_DBGINST [1:0] 
Registers contain 
Others: Reserved 

 
'0$&B'%*,167��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�G����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   WO   0x00  instruction_byte1 
Instruction byte 1 

23:16   WO   0x00  instruction_byte0 
Instruction byte 0 

15:11   RO   0x0  reserved 

10:8   WO   0x0  

channel_number 
3'b000: DMA channel 0 
3'b001: DMA channel 1 
3'b010: DMA channel 2 
« 
3'b111: DMA channel 7 

7:1   RO   0x0  reserved 

0   WO   0x0  
debug_thread 
1'b0: DMA manager thread 
1'b1: DMA channel 

 
'0$&B'%*,167��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�G�F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:24   WO   0x00  instruction_byte5 
Instruction byte 5 

23:16   WO   0x00  instruction_byte4 
Instruction byte 4 

15:8   WO   0x00  instruction_byte3 
Instruction byte 3 

7:0   WO   0x00  instruction_byte2 
Instruction byte 2 

 
'0$&B&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  
31:22   RO   0x0  reserved 

21:17   RO   0x0f  

num_events 
5'h0: 1 interrupt output, irq[0] 
5'h1: 2 interrupt outputs, irq[1:0] 
5'h2: 3 interrupt outputs, irq[2:0] 
« 
5'h1f: 32 interrupt outputs, irq[31:0] 

16:12   RO   0x13  

num_periph_req 
5'h0: 1 peripheral request interface 
5'h1: 2 peripheral request interfaces 
5'h2: 3 peripheral request interfaces 
« 
5'h1f: 32 peripheral request interfaces 

11:7   RO   0x0  reserved 

6:4   RO   0x7  

num_chnls 
3'b000: 1 DMA channel 
3'b001: 2 DMA channels 
3'b010: 3 DMA channels 
« 
3'b111: 8 DMA channels 

3   RO   0x0  reserved 

2   RO   0x1  
mgr_ns_at_rst 
1'b0: boot_manager_ns was LOW 
1'b1: boot_manager_ns was HIGH 

1   RO   0x0  
boot_en 
1'b0: boot_from_pc was LOW 
1'b1: boot_from_pc was HIGH 

0   RO   0x1  

periph_req 
1'b0: The DMAC does not provide a peripheral request interface 
1'b1: The DMAC provides the number of peripheral request 
interfaces that the num_periph_req field specifies 

 
'0$&B&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:8   RO   0x0  reserved 

7:4   RO   0xb  

num_i_cache_lines 
4'b0000: 1 i-cache line 
4'b0001: 2 i-cache lines 
4'b0010: 3 i-cache lines 
« 
4'b1111: 16 i-cache lines 

3   RO   0x0  reserved 

2:0   RO   0x5  

i_cache_len 
3'b010: 4 bytes 
3'b011: 8 bytes 
3'b100: 16 bytes 
3'b101: 32 bytes 
Others: Reserved 

 
'0$&B&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x00000000  
boot_addr 
Provides the value of boot_addr[31:0] when the DMAC exited 
from reset 

 
'0$&B&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H�F��  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x0000ffff  

ins 
Bit [N] 
1'b0: Assigns event<N> or irq[N] to the Secure state 
1'b1: Assigns event<N> or irq[N] to the Non-secure state 

 
'0$&B&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:0   RO   0x000fffff  

pns 
Bit [N] 
1'b0: Assigns peripheral request interface N to the Secure state 
1'b1: Assigns peripheral request interface N to the Non-secure 
state 

 
'0$&B&5'Q�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:30   RO   0x0  reserved 

29:20   RO   0x07f  

data_buffer_dep 
10'b000000000: 1 line 
10'b000000001: 2 lines 
« 
10'b111111111: 1024 lines 

19:16   RO   0xf  

rd_q_dep 
4'b0000: 1 line 
4'b0001: 2 lines 
« 
4'b1111: 16 lines 

15   RO   0x0  reserved 

14:12   RO   0x7  

rd_cap 
3'b000: 1 
3'b001: 2 
« 
3'b111: 8 

11:8   RO   0xf  

wr_q_dep 
4'b0000: 1 line 
4'b0001: 2 lines 
« 
4'b1111: 16 lines 

7   RO   0x0  reserved 

6:4   RO   0x7  

wr_cap 
3'b000: 1 
3'b001: 2 
« 
3'b111: 8 

3   RO   0x0  reserved 
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%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

2:0   RO   0x3  

data_width 
3'b010: 32-bit 
3'b011: 64-bit 
3'b100: 128-bit 
Others:Reserved 

 
'0$&B:'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[�H����  
%LW�  $WWU�  5HVHW�9DOXH�  'HVFULSWLRQ�  

31:1   RO   0x0  reserved 

0   RW   0x0  

wd_irq_only 
1'b0: The DMAC aborts all of the contributing DMA channels and 
sets irq_abort HIGH 
1'b1: The DMAC sets irq_abort HIGH 

 

10.5 Timing Diagram 
)ROORZLQJ�SLFWXUH�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�GPDBUHT�DQG�GPDBDFN� 

clk

dma_req

dma_ack
 

Fig. 10-3 DMAC Request and Acknowledge Timing 

10.6 Interface Description 
'0$&�KDV�WKH�IROORZLQJ�WLH�RII�VLJQDOV��,W�FDQ�EH�FRQILJXUHG�E\�6*5)�UHJLVWHU���3OHDVH�UHIHU�
WR�WKH�6*5)�FKDSWHU�WR�ILQG�WKHP� 

Table 10-2 DMAC Boot Interface 
DMAC0 

Interface Reset 
value 

Control source 

boot_irq_ns 0xFFFF sgrf_dmac0_con0[15:0] 
boot_periph_ns 0xFFFFFFFF {sgrf_dmac0_con2[15:0],sgrf_dmac0_con1[15:0]} 
boot_manager_ns 0x1 sgrf_dmac0_con3[0] 
grf_drtype_ch0 0x1 sgrf_dmac0_con4[1:0]   
grf_drtype_ch1 0x1 sgrf_dmac0_con4[3:2]   
grf_drtype_ch2 0x1 sgrf_dmac0_con4[5:4]   
grf_drtype_ch3 0x1 sgrf_dmac0_con4[7:6]   
grf_drtype_ch4 0x1 sgrf_dmac0_con4[9:8]   
grf_drtype_ch5 0x1 sgrf_dmac0_con4[11:10] 
grf_drtype_ch6 0x1 sgrf_dmac0_con4[13:12] 
grf_drtype_ch7 0x1 sgrf_dmac0_con4[15:14] 
grf_drtype_ch8 0x1 sgrf_dmac0_con5[1:0]   
grf_drtype_ch9 0x1 sgrf_dmac0_con5[3:2]   
grf_drtype_ch10 0x1 sgrf_dmac0_con5[5:4]   
grf_drtype_ch11 0x1 sgrf_dmac0_con5[7:6]   
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grf_drtype_ch12 0x1 sgrf_dmac0_con5[9:8]   
grf_drtype_ch13 0x1 sgrf_dmac0_con5[11:10] 
grf_drtype_ch14 0x1 sgrf_dmac0_con5[13:12] 
grf_drtype_ch15 0x1 sgrf_dmac0_con5[15:14] 
grf_drtype_ch16 0x1 sgrf_dmac0_con6[1:0]   
grf_drtype_ch17 0x1 sgrf_dmac0_con6[3:2]   
grf_drtype_ch18 0x1 sgrf_dmac0_con6[5:4]   
grf_drtype_ch19 0x1 sgrf_dmac0_con6[7:6]   
grf_drtype_ch20 0x1 sgrf_dmac0_con6[9:8]   
grf_drtype_ch21 0x1 sgrf_dmac0_con6[11:10] 
grf_drtype_ch22 0x1 sgrf_dmac0_con6[13:12] 
grf_drtype_ch23 0x1 sgrf_dmac0_con6[15:14] 
grf_drtype_ch24 0x1 sgrf_dmac0_con7[1:0]   
grf_drtype_ch25 0x1 sgrf_dmac0_con7[3:2]   
grf_drtype_ch26 0x1 sgrf_dmac0_con7[5:4]   
grf_drtype_ch27 0x1 sgrf_dmac0_con7[7:6]   
grf_drtype_ch28 0x1 sgrf_dmac0_con7[9:8]   
grf_drtype_ch29 0x1 sgrf_dmac0_con7[11:10]   
grf_drtype_ch30 0x1 sgrf_dmac0_con7[13:12]   
grf_drtype_ch31 0x1 sgrf_dmac0_con7[15:14]   
grf_modify_dis_ch0 0x0 sgrf_dmac0_con8[0] 
grf_modify_dis_ch1 0x0 sgrf_dmac0_con8[1] 
grf_modify_dis_ch2 0x0 sgrf_dmac0_con8[2] 
grf_modify_dis_ch3 0x0 sgrf_dmac0_con8[3] 
grf_modify_dis_ch4 0x0 sgrf_dmac0_con8[4] 
grf_modify_dis_ch5 0x0 sgrf_dmac0_con8[5] 
grf_modify_dis_ch6 0x0 sgrf_dmac0_con8[6] 
grf_modify_dis_ch7 0x0 sgrf_dmac0_con8[7] 
grf_modify_dis_ch8 0x0 sgrf_dmac0_con8[8] 
grf_modify_dis_ch9 0x0 sgrf_dmac0_con8[9] 
grf_modify_dis_ch10 0x0 sgrf_dmac0_con8[10] 
grf_modify_dis_ch11 0x0 sgrf_dmac0_con8[11] 
grf_modify_dis_ch12 0x0 sgrf_dmac0_con8[12] 
grf_modify_dis_ch13 0x0 sgrf_dmac0_con8[13] 
grf_modify_dis_ch14 0x0 sgrf_dmac0_con8[14] 
grf_modify_dis_ch15 0x0 sgrf_dmac0_con8[15] 
grf_modify_dis_ch16 0x0 sgrf_dmac0_con9[0] 
grf_modify_dis_ch17 0x0 sgrf_dmac0_con9[1] 
grf_modify_dis_ch18 0x0 sgrf_dmac0_con9[2] 
grf_modify_dis_ch19 0x0 sgrf_dmac0_con9[3] 
grf_modify_dis_ch20 0x0 sgrf_dmac0_con9[4] 
grf_modify_dis_ch21 0x0 sgrf_dmac0_con9[5] 
grf_modify_dis_ch22 0x0 sgrf_dmac0_con9[6] 
grf_modify_dis_ch23 0x0 sgrf_dmac0_con9[7] 
grf_modify_dis_ch24 0x0 sgrf_dmac0_con9[8] 
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grf_modify_dis_ch25 0x0 sgrf_dmac0_con9[9] 
grf_modify_dis_ch26 0x0 sgrf_dmac0_con9[10] 
grf_modify_dis_ch27 0x0 sgrf_dmac0_con9[11] 
grf_modify_dis_ch28 0x0 sgrf_dmac0_con9[12] 
grf_modify_dis_ch29 0x0 sgrf_dmac0_con9[13] 
grf_modify_dis_ch30 0x0 sgrf_dmac0_con9[14] 
grf_modify_dis_ch31 0x0 sgrf_dmac0_con9[15] 

DMAC1 
Interface Reset 

value 
Control source 

boot_irq_ns 0xFFFF sgrf_dmac1_con0[15:0] 
boot_periph_ns 0xFFFFFFFF {sgrf_dmac1_con2[15:0],sgrf_dmac1_con1[15:0]} 
boot_manager_ns 0x1 sgrf_dmac1_con3[0] 
grf_drtype_ch0 0x1 sgrf_dmac1_con4[1:0]   
grf_drtype_ch1 0x1 sgrf_dmac1_con4[3:2]   
grf_drtype_ch2 0x1 sgrf_dmac1_con4[5:4]   
grf_drtype_ch3 0x1 sgrf_dmac1_con4[7:6]   
grf_drtype_ch4 0x1 sgrf_dmac1_con4[9:8]   
grf_drtype_ch5 0x1 sgrf_dmac1_con4[11:10] 
grf_drtype_ch6 0x1 sgrf_dmac1_con4[13:12] 
grf_drtype_ch7 0x1 sgrf_dmac1_con4[15:14] 
grf_drtype_ch8 0x1 sgrf_dmac1_con5[1:0]   
grf_drtype_ch9 0x1 sgrf_dmac1_con5[3:2]   
grf_drtype_ch10 0x1 sgrf_dmac1_con5[5:4]   
grf_drtype_ch11 0x1 sgrf_dmac1_con5[7:6]   
grf_drtype_ch12 0x1 sgrf_dmac1_con5[9:8]   
grf_drtype_ch13 0x1 sgrf_dmac1_con5[11:10] 
grf_drtype_ch14 0x1 sgrf_dmac1_con5[13:12] 
grf_drtype_ch15 0x1 sgrf_dmac1_con5[15:14] 
grf_drtype_ch16 0x1 sgrf_dmac1_con6[1:0]   
grf_drtype_ch17 0x1 sgrf_dmac1_con6[3:2]   
grf_drtype_ch18 0x1 sgrf_dmac1_con6[5:4]   
grf_drtype_ch19 0x1 sgrf_dmac1_con6[7:6]   
grf_drtype_ch20 0x1 sgrf_dmac1_con6[9:8]   
grf_drtype_ch21 0x1 sgrf_dmac1_con6[11:10] 
grf_drtype_ch22 0x1 sgrf_dmac1_con6[13:12] 
grf_drtype_ch23 0x1 sgrf_dmac1_con6[15:14] 
grf_drtype_ch24 0x1 sgrf_dmac1_con7[1:0]   
grf_drtype_ch25 0x1 sgrf_dmac1_con7[3:2]   
grf_drtype_ch26 0x1 sgrf_dmac1_con7[5:4]   
grf_drtype_ch27 0x1 sgrf_dmac1_con7[7:6]   
grf_drtype_ch28 0x1 sgrf_dmac1_con7[9:8]   
grf_drtype_ch29 0x1 sgrf_dmac1_con7[11:10]   
grf_drtype_ch30 0x1 sgrf_dmac1_con7[13:12]   
grf_drtype_ch31 0x1 sgrf_dmac1_con7[15:14]   
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grf_modify_dis_ch0 0x0 sgrf_dmac1_con8[0] 
grf_modify_dis_ch1 0x0 sgrf_dmac1_con8[1] 
grf_modify_dis_ch2 0x0 sgrf_dmac1_con8[2] 
grf_modify_dis_ch3 0x0 sgrf_dmac1_con8[3] 
grf_modify_dis_ch4 0x0 sgrf_dmac1_con8[4] 
grf_modify_dis_ch5 0x0 sgrf_dmac1_con8[5] 
grf_modify_dis_ch6 0x0 sgrf_dmac1_con8[6] 
grf_modify_dis_ch7 0x0 sgrf_dmac1_con8[7] 
grf_modify_dis_ch8 0x0 sgrf_dmac1_con8[8] 
grf_modify_dis_ch9 0x0 sgrf_dmac1_con8[9] 
grf_modify_dis_ch10 0x0 sgrf_dmac1_con8[10] 
grf_modify_dis_ch11 0x0 sgrf_dmac1_con8[11] 
grf_modify_dis_ch12 0x0 sgrf_dmac1_con8[12] 
grf_modify_dis_ch13 0x0 sgrf_dmac1_con8[13] 
grf_modify_dis_ch14 0x0 sgrf_dmac1_con8[14] 
grf_modify_dis_ch15 0x0 sgrf_dmac1_con8[15] 
grf_modify_dis_ch16 0x0 sgrf_dmac1_con9[0] 
grf_modify_dis_ch17 0x0 sgrf_dmac1_con9[1] 
grf_modify_dis_ch18 0x0 sgrf_dmac1_con9[2] 
grf_modify_dis_ch19 0x0 sgrf_dmac1_con9[3] 
grf_modify_dis_ch20 0x0 sgrf_dmac1_con9[4] 
grf_modify_dis_ch21 0x0 sgrf_dmac1_con9[5] 
grf_modify_dis_ch22 0x0 sgrf_dmac1_con9[6] 
grf_modify_dis_ch23 0x0 sgrf_dmac1_con9[7] 
grf_modify_dis_ch24 0x0 sgrf_dmac1_con9[8] 
grf_modify_dis_ch25 0x0 sgrf_dmac1_con9[9] 
grf_modify_dis_ch26 0x0 sgrf_dmac1_con9[10] 
grf_modify_dis_ch27 0x0 sgrf_dmac1_con9[11] 
grf_modify_dis_ch28 0x0 sgrf_dmac1_con9[12] 
grf_modify_dis_ch29 0x0 sgrf_dmac1_con9[13] 
grf_modify_dis_ch30 0x0 sgrf_dmac1_con9[14] 
grf_modify_dis_ch31 0x0 sgrf_dmac1_con9[15] 
ERRWBPDQDJHUBQV 
:KHQ�WKH�'0$&�H[LWV�IURP�UHVHW��WKLV�VLJQDO�FRQWUROV�WKH�VHFXULW\�VWDWH�RI�WKH�'0$�PDQDJHU�
WKUHDG� 
�� �DVVLJQV�'0$�PDQDJHU�WR�WKH�6HFXUH�VWDWH 
�� �DVVLJQV�'0$�PDQDJHU�WR�WKH�1RQ�VHFXUH�VWDWH� 
ERRWBLUTBQV 
&RQWUROV�WKH�VHFXULW\�VWDWH�RI�DQ�HYHQW�LQWHUUXSW�UHVRXUFH��ZKHQ�WKH�'0$&�H[LWV�IURP�UHVHW� 
ERRWBLUTBQV>[@�LV�/2:�  
7KH�'0$&�DVVLJQV�HYHQW�[!�RU�LUT>[@�WR�WKH�6HFXUH�VWDWH� 
ERRWBLUTBQV>[@�LV�+,*+�  
7KH�'0$&�DVVLJQV�HYHQW�[!�RU�LUT>[@�WR�WKH�1RQ�VHFXUH�VWDWH� 
ERRWBSHULSKBQV 
&RQWUROV�WKH�VHFXULW\�VWDWH�RI�D�SHULSKHUDO�UHTXHVW�LQWHUIDFH��ZKHQ�WKH�'0$&�H[LWV�IURP�
UHVHW� 
ERRWBSHULSKBQV>[@�LV�/2:�  
7KH�'0$&�DVVLJQV�SHULSKHUDO�UHTXHVW�LQWHUIDFH�[�WR�WKH�6HFXUH�VWDWH� 
ERRWBSHULSKBQV>[@�LV�+,*+�  
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7KH�'0$&�DVVLJQV�SHULSKHUDO�UHTXHVW�LQWHUIDFH�[�WR�WKH�1RQ�VHFXUH�VWDWH� 
JUIBGUW\SHB�[! 
7KH�'0$&�VHWV�WKH�VWDWH�RI�WKH�UHTXHVWBW\SH�IODJ� 
JUIBGUW\SHB�[!>���@ E����UHTXHVWBW\SH�[!� �6LQJOH� 
JUIBGUW\SHB�[!>���@ E����UHTXHVWBW\SH�[!� �%XUVW� 

10.7 Application Notes 
10.7.1 8VLQJ�WKH�$3%�6ODYH�,QWHUIDFHV 
<RX�PXVW�HQVXUH�WKDW�\RX�XVH�WKH�DSSURSULDWH�$3%�LQWHUIDFH��GHSHQGLQJ�RQ�WKH�VHFXULW\�VWDWH�
LQ�ZKLFK�WKH�ERRWBPDQDJHUBQV�LQLWLDOL]HV�WKH�'0$&�WR�RSHUDWH��)RU�H[DPSOH��LI�WKH�'0$&�LV�
LQ�WKH�VHFXUH�VWDWH��\RX�PXVW�LVVXH�WKH�LQVWUXFWLRQ�XVLQJ�WKH�VHFXUH�$3%�LQWHUIDFH��RWKHUZLVH�
WKH�'0$&�LJQRUHV�WKH�LQVWUXFWLRQ��<RX�FDQ�XVH�WKH�VHFXUH�$3%�LQWHUIDFH��RU�WKH�QRQ�VHFXUH�
$3%�LQWHUIDFH��WR�VWDUW�RU�UHVWDUW�D�'0$�FKDQQHO�ZKHQ�WKH�'0$&�LV�LQ�WKH�1RQ�VHFXUH�VWDWH� 
7KH�QHFHVVDU\�VWHSV�WR�VWDUW�D�'0$�FKDQQHO�WKUHDG�XVLQJ�WKH�GHEXJ�LQVWUXFWLRQ�UHJLVWHUV�DV�
IROORZLQJ� 
���&UHDWH�D�SURJUDP�IRU�WKH�'0$�FKDQQHO� 
���6WRUH�WKH�SURJUDP�LQ�D�UHJLRQ�RI�V\VWHP�PHPRU\� 
���3ROO�WKH�'0$&B'%*67$786�5HJLVWHU�WR�HQVXUH�WKDW�GHEXJ�LV�LGOH��WKDW�LV��WKH�GEJVWDWXV�ELW�
LV��� 
���:ULWH�WR�WKH�'0$&B'%*,167��5HJLVWHU�DQG�HQWHU�WKH� 
z Instruction byte 0 encoding for DMAGO. 
z Instruction byte 1 encoding for DMAGO. 
z Debug thread bit to 0. This selects the DMA manager thread. 
���:ULWH�WR�WKH�'%*,167��5HJLVWHU�ZLWK�WKH�'0$*2�LQVWUXFWLRQ�E\WH�>���@�GDWD��VHH�'HEXJ�
,QVWUXFWLRQ���5HJLVWHU�R��<RX�PXVW�VHW�WKHVH�IRXU�E\WHV�WR�WKH�DGGUHVV�RI�WKH�ILUVW�LQVWUXFWLRQ�
LQ�WKH�SURJUDP�WKDW�ZDV�ZULWWHQ�WR�V\VWHP�PHPRU\�LQ�VWHS��� 
���:ULWLQJ�]HUR�WR�WKH�'0$&B'%*&0'�5HJLVWHU��7KH�'0$&�VWDUWV�WKH�'0$�FKDQQHO�WKUHDG�
DQG�VHWV�WKH�GEJVWDWXV�ELW�WR��� 
10.7.2 6HFXULW\�8VDJH 
'0$�PDQDJHU�WKUHDG�LV�LQ�WKH�VHFXUH�VWDWH 
,I�WKH�'16�ELW�LV����WKH�'0$�PDQDJHU�WKUHDG�RSHUDWHV�LQ�WKH�VHFXUH�VWDWH�DQG�LW�RQO\�
SHUIRUPV�VHFXUH�LQVWUXFWLRQ�IHWFKHV��:KHQ�D�'0$�PDQDJHU�WKUHDG�LQ�WKH�VHFXUH�VWDWH�
SURFHVVHV� 
'0$*2 
,W�XVHV�WKH�VWDWXV�RI�WKH�QV�ELW��WR�VHW�WKH�VHFXULW\�VWDWH�RI�WKH�'0$�FKDQQHO�WKUHDG�E\�
ZULWLQJ�WR�WKH�&16�ELW�IRU�WKDW�FKDQQHO� 
'0$:)( 
,W�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�XQWLO�WKH�HYHQW�RFFXUV��:KHQ�WKH�HYHQW�RFFXUV��WKH�'0$&�
FRQWLQXHV�H[HFXWLRQ�RI�WKH�WKUHDG��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�WKH�FRUUHVSRQGLQJ�,16�
ELW� 
'0$6(9 
,W�VHWV�WKH�FRUUHVSRQGLQJ�ELW�LQ�WKH�,17B(9(17B5,6�5HJLVWHU��LUUHVSHFWLYH�RI�WKH�VHFXULW\�
VWDWH�RI�WKH�FRUUHVSRQGLQJ�,16�ELW� 
'0$�PDQDJHU�WKUHDG�LV�LQ�WKH�1RQ�VHFXUH�VWDWH 
,I�WKH�'16�ELW�LV����WKH�'0$�PDQDJHU�WKUHDG�RSHUDWHV�LQ�WKH�1RQ�VHFXUH�VWDWH��DQG�LW�RQO\�
SHUIRUPV�QRQ�VHFXUH�LQVWUXFWLRQ�IHWFKHV��:KHQ�D�'0$�PDQDJHU�WKUHDG�LQ�WKH�1RQ�VHFXUH�
VWDWH�SURFHVVHV� 
'0$*2 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�QV�ELW��WR�FRQWURO�LI�LW�VWDUWV�D�'0$�FKDQQHO�WKUHDG��,I� 
QV� �� 
7KH�'0$&�GRHV�QRW�VWDUW�D�'0$�FKDQQHO�WKUHDG�DQG�LQVWHDG�LW� 
���([HFXWHV�D�123� 
���6HWV�WKH�'0$&B)65'�5HJLVWHU��VHH�)DXOW�6WDWXV�'0$�0DQDJHU�  
���6HWV�WKH�GPDJRBHUU�ELW�LQ�WKH�'0$&B)75'�5HJLVWHU��VHH�)DXOW�7\SH�'0$�0DQDJHU�
5HJLVWHU� 
���0RYHV�WKH�'0$�PDQDJHU�WR�WKH�)DXOWLQJ�VWDWH� 
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QV� �� 
7KH�'0$&�VWDUWV�D�'0$�FKDQQHO�WKUHDG�LQ�WKH�1RQ�VHFXUH�VWDWH�DQG�SURJUDPV�WKH�&16�ELW�WR�
EH�QRQ�VHFXUH� 
'0$:)( 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�,16�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�ZDLWV�IRU�WKH�HYHQW��,I� 
,16� �� 
7KH�HYHQW�LV�LQ�WKH�6HFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�'0$&B)65'�5HJLVWHU��VHH�)DXOW�6WDWXV�'0$�0DQDJHU�5HJLVWHU� 
���6HWV�WKH�PJUBHYQWBHUU�ELW�LQ�WKH�'0$&B)75'�5HJLVWHU��VHH�)DXOW�7\SH�'0$�0DQDJHU�
5HJLVWHU� 
���0RYHV�WKH�'0$�PDQDJHU�WR�WKH�)DXOWLQJ�VWDWH� 
,16� �� 
7KH�HYHQW�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�DQG�ZDLWV�IRU�
WKH�HYHQW�WR�RFFXU� 
'0$6(9 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�,16�ELW��LQ�WKH�&5�5HJLVWHU��WR�FRQWURO�LI�LW�
FUHDWHV�WKH�HYHQW�LQWHUUXSW��,I� 
,16� �� 
7KH�HYHQW�LQWHUUXSW�UHVRXUFH�LV�LQ�WKH�VHFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�'0$&B)65'�5HJLVWHU��VHH�)DXOW�6WDWXV�'0$�0DQDJHU�5HJLVWHU� 
���6HWV�WKH�PJUBHYQWBHUU�ELW�LQ�WKH�'0$&B)75'�5HJLVWHU��VHH�)DXOW�7\SH�'0$�0DQDJHU�
5HJLVWHU� 
���0RYHV�WKH�'0$�PDQDJHU�WR�WKH�)DXOWLQJ�VWDWH� 
,16� �� 
7KH�HYHQW�LQWHUUXSW�UHVRXUFH�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�FUHDWHV�WKH�HYHQW�
LQWHUUXSW� 
'0$�FKDQQHO�WKUHDG�LV�LQ�WKH�VHFXUH�VWDWH 
:KHQ�WKH�&16�ELW�LV����WKH�'0$�FKDQQHO�WKUHDG�LV�SURJUDPPHG�WR�RSHUDWH�LQ�WKH�6HFXUH�
VWDWH�DQG�LW�RQO\�SHUIRUPV�VHFXUH�LQVWUXFWLRQ�IHWFKHV� 
:KHQ�D�'0$�FKDQQHO�WKUHDG�LQ�WKH�VHFXUH�VWDWH�SURFHVVHV�WKH�IROORZLQJ�LQVWUXFWLRQV� 
'0$:)( 
7KH�'0$&�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�XQWLO�WKH�HYHQW�RFFXUV��:KHQ�WKH�HYHQW�RFFXUV��WKH�
'0$&�FRQWLQXHV�H[HFXWLRQ�RI�WKH�WKUHDG��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�WKH�
FRUUHVSRQGLQJ�,16�ELW��LQ�WKH�'0$&B&5��5HJLVWHU� 
'0$6(9 
7KH�'0$&�FUHDWHV�WKH�HYHQW�LQWHUUXSW��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�WKH�FRUUHVSRQGLQJ�
,16�ELW��LQ�WKH�'0$&B&5��5HJLVWHU� 
'0$:)3 
7KH�'0$&�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�XQWLO�WKH�SHULSKHUDO�VLJQDOV�D�'0$�UHTXHVW��:KHQ�
WKLV�RFFXUV��WKH�'0$&�FRQWLQXHV�H[HFXWLRQ�RI�WKH�WKUHDG��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�
WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�'0$&B&5��5HJLVWHU� 
'0$/'3��'0$673 
7KH�'0$&�VHQGV�D�PHVVDJH�WR�WKH�SHULSKHUDO�WR�FRPPXQLFDWH�WKDW�GDWD�WUDQVIHU�  
LV�FRPSOHWH��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�
'0$&B&5��5HJLVWHU� 
'0$)/86+3 
7KH�'0$&�FOHDUV�WKH�VWDWH�RI�WKH�SHULSKHUDO�DQG�VHQGV�D�PHVVDJH�WR�WKH�SHULSKHUDO�WR�
UHVHQG�LWV�OHYHO�VWDWXV��LUUHVSHFWLYH�RI�WKH�VHFXULW\�VWDWH�RI�WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�
'0$&B&5��5HJLVWHU� 
:KHQ�D�'0$�FKDQQHO�WKUHDG�LV�LQ�WKH�6HFXUH�VWDWH��LW�HQDEOHV�WKH�'0$&�WR�SHUIRUP�VHFXUH�
DQG�QRQ�VHFXUH�$;,�DFFHVVHV� 
'0$�FKDQQHO�WKUHDG�LV�LQ�WKH�1RQ�VHFXUH�VWDWH 
:KHQ�WKH�&16�ELW�LV����WKH�'0$�FKDQQHO�WKUHDG�LV�SURJUDPPHG�WR�RSHUDWH�LQ�WKH�1RQ�VHFXUH�
VWDWH�DQG�LW�RQO\�SHUIRUPV�QRQ�VHFXUH�LQVWUXFWLRQ�IHWFKHV� 
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:KHQ�D�'0$�FKDQQHO�WKUHDG�LQ�WKH�1RQ�VHFXUH�VWDWH�SURFHVVHV�WKH�IROORZLQJ�LQVWUXFWLRQV� 
'0$:)( 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�,16�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�ZDLWV�IRU�WKH�HYHQW��,I� 
,16� �� 
7KH�HYHQW�LV�LQ�WKH�6HFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBHYQWBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
,16� �� 
7KH�HYHQW�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�DQG�ZDLWV�IRU�
WKH�HYHQW�WR�RFFXU� 
'0$6(9 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�,16�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�FUHDWHV�WKH�HYHQW��,I� 
,16� �� 
7KH�HYHQW�LQWHUUXSW�UHVRXUFH�LV�LQ�WKH�6HFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBHYQWBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
,16� �� 
7KH�HYHQW�LQWHUUXSW�UHVRXUFH�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�FUHDWHV�WKH�HYHQW�
LQWHUUXSW� 
'0$:)3 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�ZDLWV�IRU�WKH�SHULSKHUDO�WR�VLJQDO�D�UHTXHVW��,I� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�6HFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBSHULSKBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�KDOWV�H[HFXWLRQ�RI�WKH�WKUHDG�DQG�ZDLWV�
IRU�WKH�SHULSKHUDO�WR�VLJQDO�D�UHTXHVW� 
'0$/'3��'0$673�  
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�VHQGV�DQ�DFNQRZOHGJHPHQW�WR�WKH�SHULSKHUDO��,I� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�VHFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBSHULSKBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�VHQGV�D�PHVVDJH�WR�WKH�SHULSKHUDO�WR�
FRPPXQLFDWH�ZKHQ�WKH�GDWD�WUDQVIHU�LV�FRPSOHWH� 
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'0$)/86+3 
7KH�'0$&�XVHV�WKH�VWDWXV�RI�WKH�FRUUHVSRQGLQJ�316�ELW��LQ�WKH�'0$&B&5��5HJLVWHU��WR�
FRQWURO�LI�LW�VHQGV�D�IOXVK�UHTXHVW�WR�WKH�SHULSKHUDO��,I� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�VHFXUH�VWDWH��7KH�'0$&� 
���([HFXWHV�D�123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBSHULSKBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
316� �� 
7KH�SHULSKHUDO�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��7KH�'0$&�FOHDUV�WKH�VWDWH�RI�WKH�SHULSKHUDO�DQG�
VHQGV�D�PHVVDJH�WR�WKH�SHULSKHUDO�WR�UHVHQG�LWV�OHYHO�VWDWXV� 
:KHQ�D�'0$�FKDQQHO�WKUHDG�LV�LQ�WKH�1RQ�VHFXUH�VWDWH��DQG�D�'0$029�&&5�LQVWUXFWLRQ�
DWWHPSWV�WR�SURJUDP�WKH�FKDQQHO�WR�SHUIRUP�D�VHFXUH�$;,�WUDQVDFWLRQ��WKH�'0$&� 
���([HFXWHV�D�'0$123� 
���6HWV�WKH�DSSURSULDWH�ELW�LQ�WKH�'0$&B)65&�5HJLVWHU�WKDW�FRUUHVSRQGV�WR�WKH�'0$�FKDQQHO�
QXPEHU��6HH�)DXOW�6WDWXV�'0$�&KDQQHO�5HJLVWHU� 
���6HWV�WKH�FKBUGZUBHUU�ELW�LQ�WKH�'0$&B)75Q�Q �a���5HJLVWHU��VHH�)DXOW�7\SH�'0$�
&KDQQHO�5HJLVWHUV� 
���0RYHV�WKH�'0$�FKDQQHO�WKUHDG�WR�WKH�)DXOWLQJ�FRPSOHWLQJ�VWDWH� 
10.7.3 3URJUDPPLQJ�5HVWULFWLRQV 
)L[HG�XQDOLJQHG�EXUVWV 
7KH�'0$&�GRHV�QRW�VXSSRUW�IL[HG�XQDOLJQHG�EXUVWV��,I�\RX�SURJUDP�WKH�IROORZLQJ�FRQGLWLRQV��
WKH�'0$&�WUHDWV�WKLV�DV�D�SURJUDPPLQJ�HUURU� 
8QDOLJQHG�UHDG 
z src_inc field is 0 in the DMAC_CCRn(n=0~7) Register 
z the DMAC_SARn(n=0~7) Register contains an address that is not aligned to the size of 

data that the src_burst_size field contain 
Unaligned write 
z dst_inc field is 0 in the DMAC_CCRn(n=0~7) Register 
z the DMAC_DARn(n=0~7) Register contains an address that is not aligned to the size of 

data that the dst_burst_size field contains 
(QGLDQ�VZDS�VL]H�UHVWULFWLRQV 
,I�\RX�SURJUDP�WKH�HQGLDQBVZDSBVL]H�ILHOG�LQ�WKH�'0$&B&&5Q�Q �a���5HJLVWHU��WR�HQDEOH�D�
'0$�FKDQQHO�WR�SHUIRUP�DQ�HQGLDQ�VZDS�WKHQ�\RX�PXVW�VHW�WKH�FRUUHVSRQGLQJ�
'0$&B6$5Q�Q �a���5HJLVWHU�DQG�WKH�FRUUHVSRQGLQJ�'0$&B'$5Q�Q �a���5HJLVWHU�WR�
FRQWDLQ�DQ�DGGUHVV�WKDW�LV�DOLJQHG�WR�WKH�YDOXH�WKDW�WKH�HQGLDQBVZDSBVL]H�ILHOG�FRQWDLQV� 
8SGDWLQJ�'0$�FKDQQHO�FRQWURO�UHJLVWHUV�GXULQJ�D�'0$�F\FOH�UHVWULFWLRQV 
3ULRU�WR�WKH�'0$&�H[HFXWLQJ�D�VHTXHQFH�RI�'0$/'�DQG�'0$67�LQVWUXFWLRQV��WKH�YDOXHV�\RX�
SURJUDP�LQ�WR�WKH�'0$&B&&5Q�Q �a���5HJLVWHU��'0$&B6$5Q�Q �a���5HJLVWHU��DQG�
'0$&B'$5Q�Q �a���5HJLVWHU�FRQWURO�WKH�GDWD�E\WH�ODQH�PDQLSXODWLRQ�WKDW�WKH�'0$&�
SHUIRUPV�ZKHQ�LW�WUDQVIHUV�WKH�GDWD�IURP�WKH�VRXUFH�DGGUHVV�WR�WKH�GHVWLQDWLRQ�DGGUHVV��
<RX¶G�EHWWHU�QRW�XSGDWH�WKHVH�UHJLVWHUV�GXULQJ�D�'0$�F\FOH� 
5HVRXUFH�VKDULQJ�EHWZHHQ�'0$�FKDQQHOV 
'0$�FKDQQHO�SURJUDPV�VKDUH�WKH�0),)2�GDWD�VWRUDJH�UHVRXUFH��<RX�PXVW�QRW�VWDUW�D�VHW�RI�
FRQFXUUHQWO\�UXQQLQJ�'0$�FKDQQHO�SURJUDPV�ZLWK�D�UHVRXUFH�UHTXLUHPHQW�WKDW�H[FHHGV�WKH�
FRQILJXUHG�VL]H�RI�WKH�0),)2��,I�\RX�H[FHHG�WKLV�OLPLW�WKHQ�WKH�'0$&�PLJKW�ORFN�XS�DQG�
JHQHUDWH�D�:DWFKGRJ�DERUW� 
10.7.4 8QDOLJQHG�7UDQVIHUV 
)RU�D�FRQILJXUDWLRQ�ZLWK�PRUH�WKDQ�RQH�FKDQQHO��LI�DQ\�RI�FKDQQHOV���WR���LV�SHUIRUPLQJ�
WUDQVIHUV�EHWZHHQ�FHUWDLQ�W\SHV�RI�PLVDOLJQHG�VRXUFH�DQG�GHVWLQDWLRQ�DGGUHVVHV��WKHQ�WKH�
RXWSXW�GDWD�PD\�EH�FRUUXSWHG�E\�WKH�DFWLRQ�RI�FKDQQHO��� 
'DWD�FRUUXSWLRQ�PLJKW�RFFXU�LI�DOO�RI�WKH�IROORZLQJ�DUH�WUXH� 
���7ZR�EHDWV�RI�$;,�UHDG�GDWD�DUH�UHFHLYHG�IRU�RQH�RI�FKDQQHOV���WR��� 
���6RXUFH�DQG�GHVWLQDWLRQ�DGGUHVV�DOLJQPHQWV�PHDQ�WKDW�HDFK�UHDG�GDWD�EHDW�LV�VSOLW�DFURVV�
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WZR�OLQHV�LQ�WKH�GDWD�EXIIHU��VHH�6SOLWWLQJ�GDWD��EHORZ�� 
���7KHUH�LV�RQH�LGOH�F\FOH�EHWZHHQ�WKH�WZR�UHDG�GDWD�EHDWV� 
���&KDQQHO���SHUIRUPV�DQ�RSHUDWLRQ�WKDW�XSGDWHV�FKDQQHO�FRQWURO�LQIRUPDWLRQ�GXULQJ�WKLV�LGOH�
F\FOH��VHH�8SGDWHV�WR�FKDQQHO�FRQWURO�LQIRUPDWLRQ��EHORZ�� 
6SOLWWLQJ�GDWD�  
'HSHQGLQJ�XSRQ�WKH�SURJUDPPHG�YDOXHV�IRU�WKH�'0$�WUDQVIHU��RQH�EHDW�RI�UHDG�GDWD�IURP�
WKH�$;,�LQWHUIDFH�QHHG�WR�EH�VSOLW�DFURVV�WZR�OLQHV�LQ�WKH�LQWHUQDO�GDWD�EXIIHU�� �7KLV�RFFXUV�
ZKHQ�WKH�UHDG�GDWD�EHDW�FRQWDLQV�GDWD�E\WHV�ZKLFK�ZLOO�EH�ZULWWHQ�WR�DGGUHVVHV�WKDW�ZUDS�
DURXQG�DW�WKH�$;,�LQWHUIDFH�GDWD�ZLGWK��VR�WKDW�WKHVH�E\WHV�FRXOG�QRW�EH�WUDQVIHUUHG�E\�D�
VLQJOH�$;,�ZULWH�GDWD�EHDW�RI�WKH�IXOO�LQWHUIDFH�ZLGWK� 
0RVW�DSSOLFDWLRQV�RI�'0$�GR�QRW�VSOLW�GDWD�LQ�WKLV�ZD\��VR�DUH�127�YXOQHUDEOH�WR�GDWD�
FRUUXSWLRQ�IURP�WKLV�GHIHFW� 
7KH�IROORZLQJ�FDVHV�DUH�127�YXOQHUDEOH�WR�GDWD�FRUUXSWLRQ�EHFDXVH�WKH\�GR�QRW�VSOLW�GDWD��  
z Byte lane offset between source and destination addresses is 0 when source and 

destination addresses have the same byte lane alignment, the offset is 0 and a wrap 
operation that splits data cannot occur. 

z Byte lane offset between source and destination addresses is a multiple of source size. 
Table 10-3 Source Size in DMAC_CCRn 

6RXUFH�VL]H�LQ�
'0$&B&&5Q 

$OORZHG�RIIVHW�EHWZHHQ�'0$&B6$5Q�DQG�
'0$&B'$5Q 

66� DQ\�RIIVHW�DOORZHG� 
66�� ������������������ 
66�� �������� 
66�� ��� 

 
10.7.5 ,QWHUUXSW�6KDULQJ�EHWZHHQ�&KDQQHOV 
$V�WKH�'0$&�GRHV�QRW�UHFRUG�ZKLFK�FKDQQHO��RU�OLVW�RI�FKDQQHOV��KDYH�DVVHUWHG�DQ�LQWHUUXSW��
6R�LW�ZLOO�GHSHQG�RQ�\RXU�SURJUDP�DQG�ZKHWKHU�DQ\�RI�WKH�YLVLEOH�LQIRUPDWLRQ�IRU�WKDW�
SURJUDP�FDQ�EH�XVHG�WR�GHWHUPLQH�SURJUHVV��DQG�KHOS�LGHQWLI\�WKH�LQWHUUXSW�VRXUFH� 
7KHUH�DUH���OLNHO\�LQIRUPDWLRQ�VRXUFHV�WKDW�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�SURJUHVV�PDGH�E\�
D�SURJUDP� 
��3URJUDP�FRXQWHU��3&� 
��6RXUFH�DGGUHVV 
��'HVWLQDWLRQ�DGGUHVV 
��/RRS�FRXQWHUV��/&� 
)RU�H[DPSOH��D�SURJUDP�PLJKW�HPLW�DQ�LQWHUUXSW�HDFK�WLPH�WKDW�LW�LWHUDWHV�DURXQG�D�ORRS��,Q�
WKLV�FDVH��WKH�LQWHUUXSW�VHUYLFH�URXWLQH��,65��ZRXOG�QHHG�WR�VWRUH�WKH�ORRS�YDOXH�RI�HDFK�
FKDQQHO�ZKHQ�LW�LV�FDOOHG��DQG�WKHQ�FRPSDUH�DJDLQVW�WKH�QHZ�YDOXH�ZKHQ�LW�LV�QH[W�FDOOHG��$�
FKDQJH�LQ�YDOXH�ZRXOG�LQGLFDWH�WKDW�WKH�SURJUDP�KDV�SURJUHVVHG� 
7KH�,65�PXVW�EH�FDUHIXOO\�ZULWWHQ�WR�HQVXUH�WKDW�QR�LQWHUUXSWV�DUH�ORVW��7KH�VHTXHQFH�RI�
RSHUDWLRQV�LV�DV�IROORZV� 
���'LVDEOH�LQWHUUXSWV 
���,PPHGLDWHO\�FOHDU�WKH�LQWHUUXSW�LQ�'0$���� 
���&KHFN�WKH�UHOHYDQW�UHJLVWHUV�IRU�ERWK�FKDQQHOV�WR�GHWHUPLQH�ZKLFK�PXVW�EH�VHUYLFHG 
���7DNH�DSSURSULDWH�DFWLRQ�IRU�WKH�FKDQQHOV 
���5H�HQDEOH�LQWHUUXSWV�DQG�H[LW�,65 
10.7.6 ,QVWUXFWLRQ�6HWV 

Table 10-4 DMAC Instruction Sets 
0QHPRQLF ,QVWUXFWLRQ 7KUHDG�8VDJH 

'0$$''+ $GG�+DOIZRUG & 
'0$(1' (QG 0�& 
'0$)/86+3 )OXVK�DQG�QRWLI\�3HULSKHUDO & 
'0$*2 *R 0 
'0$.,// .LOO & 
'0$/' /RDG & 
'0$/'3 /RDG�3HULSKHUDO & 
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'0$/3 /RRS & 
'0$/3(1' /RRS�(QG & 
'0$/3)( /RRS�)RUHYHU & 
'0$029 0RYH & 
'0$123 1R�RSHUDWLRQ 0�& 
'0$50% 5HDG�0HPRU\�%DUULHU & 
'0$6(9 6HQG�(YHQW 0�& 
'0$67 6WRUH & 
'0$673 6WRUH�DQG�QRWLI\�3HULSKHUDO & 
'0$67= 6WRUH�=HUR & 
'0$:)( :DLW�)RU�(YHQW�0 0�& 
'0$:)3 :DLW�)RU�3HULSKHUDO & 
'0$:0% :ULWH�0HPRU\�%DUULHU & 
'0$$'1+ $GG 1HJDWLYH +DOIZRUG  & 

1RWHV��7KUHDG�XVDJH��& '0$�FKDQQHO��0 '0$�PDQDJHU 
10.7.7 $VVHPEOHU�'LUHFWLYHV 
,Q�WKLV�GRFXPHQW��RQO\�'00$'1+�LQVWUXFWLRQ�LV�WRRN�DV�DQ�H[DPSOH�WR�VKRZ�WKH�ZD\�WKH�
LQVWUXFWLRQ�DVVHPEOHG��)RU�WKH�RWKHU�LQVWUXFWLRQV��SOHDVH�UHIHU�WR�SO���BWUP�SGI� 
'0$$'1+ 
$GG�1HJDWLYH�+DOIZRUG�DGGV�DQ�LPPHGLDWH�QHJDWLYH����ELW�YDOXH�WR�WKH�'0$&B6$5Q�Q �a���
5HJLVWHU�RU�'0$&B'$5Q�Q �a���5HJLVWHU��IRU�WKH�'0$�FKDQQHO�WKUHDG��7KLV�HQDEOHV�WKH�
'0$&�WR�VXSSRUW��'�'0$�RSHUDWLRQV��RU�UHDGLQJ�RU�ZULWLQJ�DQ�DUHD�RI�PHPRU\�LQ�D�GLIIHUHQW�
RUGHU�WR�QDWXUDOO\�LQFUHPHQWLQJ�DGGUHVVHV��6HH�6RXUFH�$GGUHVV�5HJLVWHUV�DQG�'HVWLQDWLRQ�
$GGUHVV�5HJLVWHUV� 
7KH�LPPHGLDWH�XQVLJQHG����ELW�YDOXH�LV�RQH�H[WHQGHG�WR����ELWV��WR�FUHDWH�D�YDOXH�WKDW�LV�
WKH�WZR¶V�FRPSOHPHQW�UHSUHVHQWDWLRQ�RI�D�QHJDWLYH�QXPEHU�EHWZHHQ��������DQG�����EHIRUH�
WKH�'0$&�DGGV�LW�WR�WKH�DGGUHVV�XVLQJ����ELW�DGGLWLRQ��7KH�'0$&�GLVFDUGV�WKH�FDUU\�ELW�VR�
WKDW�DGGUHVVHV�ZUDS�IURP��[))))))))�WR��[����������7KH�QHW�HIIHFW�LV�WR�VXEWUDFW�EHWZHHQ�
������DQG���IURP�WKH�FXUUHQW�YDOXH�LQ�WKH�6RXUFH�RU�'HVWLQDWLRQ�$GGUHVV�5HJLVWHU� 
)ROORZLQJ�WDEOH�VKRZV�WKH�LQVWUXFWLRQ�HQFRGLQJ� 

Table 10-5 DMAC Instruction Encoding 
Imm[15:8] Imm[7:0] 0 1 0 1 1 1 ra 0 

 
$VVHPEOHU�V\QWD[ 
'0$$'1+��DGGUHVVBUHJLVWHU!������ELW�LPPHGLDWH! 
ZKHUH� 
�DGGUHVVBUHJLVWHU! 
� � � �6HOHFWV�WKH�DGGUHVV�UHJLVWHU�WR�XVH��,W�PXVW�EH�HLWKHU� 
� � � �6$5 
� � � � � � � �'0$&B6$5Q�Q �a���5HJLVWHU�DQG�VHWV�UD�WR��� 
� � � �'$5 
� � � � � � � �'0$&B'$5Q�Q �a���5HJLVWHU�DQG�VHWV�UD�WR��� 
����ELW�LPPHGLDWH! 
� � � � 7KH�LPPHGLDWH�YDOXH�WR�EH�DGGHG�WR�WKH��DGGUHVVBUHJLVWHU!� 
<RX�VKRXOG�VSHFLI\�WKH����ELW�LPPHGLDWH�DV�WKH�QXPEHU�WKDW�LV�WR�EH�UHSUHVHQWHG�LQ�WKH�
LQVWUXFWLRQ�HQFRGLQJ��)RU�H[DPSOH��'0$$'1+�'$5���[)))��FDXVHV�WKH�YDOXH��[)))))))��WR�
EH�DGGHG�WR�WKH�FXUUHQW�YDOXH�RI�WKH�'HVWLQDWLRQ�$GGUHVV�5HJLVWHU��HIIHFWLYHO\�VXEWUDFWLQJ����
IURP�WKH�'$5� 
<RX�FDQ�RQO\�XVH�WKLV�LQVWUXFWLRQ�LQ�D�'0$�FKDQQHO�WKUHDG� 
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Chapter 11 Timer 

11.1 Overview 
7LPHU�LV�D�SURJUDPPDEOH�WLPHU�SHULSKHUDO��7KLV�FRPSRQHQW�LV�DQ�$3%�VODYH�GHYLFH��7KHUH�DUH�
��WLPHUV�7LPHU�a���DQG���6HFXUH�WLPHUV�67LPHU�a����&173&7B(/��LV�SURYLGHG�E\�67LPHU���  

7LPHU�� DQG� 67LPHU�a�� FRXQW� XS� IURP� ]HUR� WR� D� SURJUDPPHG� YDOXH� DQG� JHQHUDWH� DQ�
LQWHUUXSW�ZKHQ�WKH�FRXQWHU�UHDFKHV�WKH�SURJUDPPHG�YDOXH��  

7LPHU�a��FRXQW�GRZQ�IURP�D�SURJUDPPHG�YDOXH�WR�]HUR�DQG�JHQHUDWH�DQ�LQWHUUXSW�ZKHQ�
WKH�FRXQWHU�UHDFKHV�]HUR� 
7LPHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 7LPHU�a��LV�XVHG�IRU�QR�VHFXUH��67LPHU�a��LV�XVHG�IRU�VHFXUH� 
z 7ZR�RSHUDWLRQ�PRGHV��IUHH�UXQQLQJ�DQG�XVHU�GHILQHG�FRXQW� 
z 0DVNDEOH�IRU�HDFK�LQGLYLGXDO�LQWHUUXSW� 

11.2 Block Diagram 

APB_TIMERS

Timer ch0

APB

clk_timer0 timer0_int

Timer ch1
clk_timer1 timer1_int

Timer ch5
clk_timer5 timer5_int

 
Fig. 11-1 Timer Block Diagram 

7KH�DERYH�ILJXUH�VKRZV�WKH�DUFKLWHFWXUH�RI�WKH�$3%�WLPHUV��LQFOXGH�VL[�SURJUDPPDEOH�WLPHU�
FKDQQHOV���7KH�6WLPHUV�WKDW�LQ�WKH�EXV�VXEV\VWHP�RQO\�LQFOXGH�WZR�SURJUDPPDEOH�WLPHU�
FKDQQHOV� 

 

11.3 Function Description 
11.3.1 7LPHU�FORFN 

7,0(5�a�7,0(5��DQG�67,0(5�a��DUH�LQ�WKH�SGBEXV�VXEV\VWHP��7KH�FORFN�VRXUFH�LV���0+]� 

11.3.2 3URJUDPPLQJ�VHTXHQFH 

���,QLWLDOL]H�WKH�WLPHU�E\�WKH�7,0(5QB&21752/5(*���İQİ���UHJLVWHU� 
z 'LVDEOH�WKH�WLPHU�E\�ZULWLQJ�D�³�´�WR�WKH�WLPHU�HQDEOH�ELW��ELW�����$FFRUGLQJO\��WKH�

WLPHUBHQ�RXWSXW�VLJQDO�LV�GH�DVVHUWHG� 
z 3URJUDP�WKH�WLPHU�PRGH²IUHH�UXQQLQJ�RU�XVHU�GHILQHG²E\�ZULWLQJ�D�³�´�RU�³�´�

UHVSHFWLYHO\��WR�WKH�WLPHU�PRGH�ELW��ELW���� 
z 6HW�WKH�LQWHUUXSW�PDVN�DV�HLWKHU�PDVNHG�RU�QRW�PDVNHG�E\�ZULWLQJ�D�³�´�RU�³�´�

UHVSHFWLYHO\��WR�WKH�WLPHU�LQWHUUXSW�PDVN�ELW��ELW���� 
���/RDG�WKH�WLPHU�FRXQW�YDOXH�LQWR�WKH�7,0(5QB/2$'B&2817����İQİ���DQG�7,0(5QB�
/2$'B&2817����İQİ���UHJLVWHU� 
���(QDEOH�WKH�WLPHU�E\�ZULWLQJ�D�³�´�WR�ELW���RI�7,0(5QB&21752/5(*���İQİ��� 
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Initialize Timer

Load Count Value

Enable Timer
 

Fig. 11-2 Timer Usage Flow 
11.3.3 /RDGLQJ�D�WLPHU�FRXQW�YDOXH 

)RU�WKH�GHVFHQGLQJ�7LPHUV�7LPHU�a���7KH�LQLWLDO�YDOXH�IRU�HDFK�WLPHU²WKDW�LV��WKH�YDOXH�
IURP�ZKLFK�LW�FRXQWV�GRZQ²LV�ORDGHG�LQWR�WKH�WLPHU�XVLQJ�WKH�ORDG�FRXQW�UHJLVWHU�
�7,0(5QB/2$'B&2817��DQG�7,0(5QB�/2$'B&2817����7ZR�HYHQWV�FDQ�FDXVH�D�WLPHU�WR�
ORDG�WKH�LQLWLDO�YDOXH�IURP�LWV�ORDG�FRXQW�UHJLVWHU� 

z 7LPHU�LV�HQDEOHG�DIWHU�UHVHW�RU�GLVDEOHG� 
z 7LPHU�FRXQWV�GRZQ�WR����ZKHQ�WLPHU�LV�FRQILJXUHG�LQWR�IUHH�UXQQLQJ�PRGH� 

)RU�WKH�LQFUHPHQWDO�7LPHUV�7LPHU��DQG�67LPHU�a���7KH�LQLWLDO�YDOXH�IRU�HDFK�WLPHU�LV�]HUR��
7KH�FRXQW�UHJLVWHU�ZLOO�FRXQW�XS�WR�WKH�YDOXH�ORDGHG�LQ�WKH�UHJLVWHU�7,0(5QB/2$'B&2817��
DQG�7,0(5QB�/2$'B&2817���7ZR�HYHQWV�FDQ�FDXVH�D�WLPHU�WR�ORDG�]HUR� 

z 7LPHU�LV�HQDEOHG�DIWHU�UHVHW�RU�GLVDEOHG� 
z 7LPHU�FRXQWV�XS�WR�WKH�YDOXH�VWRUHG�LQ�7,0(5QB/2$'B&2817��DQG�7,0(5QB�

/2$'B&2817���ZKHQ�WLPHU�LV�FRQILJXUHG�LQWR�IUHH�UXQQLQJ�PRGH� 
 

11.3.4 7LPHU�PRGH�VHOHFWLRQ 
z 8VHU�GHILQHG�FRXQW�PRGH�±�7LPHU�ORDGV�7,0(5QB/2$'B&2817��DQG�7,0(5QB�/2$'B�

&2817��UHJLVWHUV��IRU�GHVFHQGLQJ�WLPHUV��RU�]HUR��IRU�LQFUHPHQWDO�WLPHUV���DV�LQLWLDO�
YDOXH��:KHQ�WKH�WLPHU�FRXQWV�GRZQ�WR����IRU�GHVFHQGLQJ�WLPHUV��RU�FRXQWV�XS�WR�WKH�
YDOXH�LQ�7,0(5QB/2$'B&2817��DQG�7,0(5QB�/2$'B�&2817���IRU�LQFUHPHQWDO�
WLPHUV���LW�ZLOO�QRW�DXWRPDWLFDOO\�UHORDG�WKH�FRXQW�UHJLVWHU��8VHU�QHHG�WR�GLVDEOH�WLPHU�
ILUVWO\�DQG�IROORZ�WKH�SURJUDPPLQJ�VHTXHQFH�WR�PDNH�WLPHU�ZRUN�DJDLQ� 

z )UHH�UXQQLQJ�PRGH�±�7LPHU�ORDGV�WKH�7,0(5QB/2$'B&2817��DQG�
7,0(5QB/2$'B&2817��IRU�GHVFHQGLQJ�WLPHUV��RU�]HUR��IRU�LQFUHPHQWDO�WLPHUV�UHJLVWHU�
DV�LQLWLDO�YDOXH��7LPHU�ZLOO�DXWRPDWLFDOO\�UHORDG�WKH�FRXQW�UHJLVWHU��ZKHQ�WLPHU�FRXQWV�
GRZQ�WR����IRU�GHVFHQGLQJ�WLPHUV��RU�FRXQWV�XS�WR�WKH�YDOXH�LQ�7,0(5QB/2$'B&2817��
DQG�7,0(5QB/2$'B&2817���IRU�LQFUHPHQWDO�WLPHUV���  
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11.4 Register Description 
11.4.1 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

TIMER_TIMERn_LOAD_CO
UNT0  

0x0000  W  0x00000000  Timern Load Count Register 0  

TIMER_TIMERn_LOAD_CO
UNT1  

0x0004  W  0x00000000  

Timern Load Count Register 
1.Higher 32 bits Value to be 
loaded into Timer n. This is the 
value from which counting 
commences  

TIMER_TIMERn_CURRENT
_VALUE0  

0x0008  W  0x00000000  Timern Current Value Register 0  

TIMER_TIMERn_CURRENT
_VALUE1  

0x000c  W  0x00000000  
Timern Current Value Register 
1.High 32 bits of Current Value of 
Timer n  

TIMER_TIMERn_CONTROL
REG  

0x0010  W  0x00000000  Timern Control Register  

TIMER_TIMERn_INTSTAT
US  

0x0018  W  0x00000000  Timern Interrupt Status Register  

1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
 

11.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 

7,0(5B7,0(5QB/2$'B&2817��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
load_count_0 
Lower 32 bits Value to be loaded into Timer n. This is the value 
from which counting commences. 

 
 
7,0(5B7,0(5QB/2$'B&2817��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
load_count_1 
Higher 32 bits Value to be loaded into Timer n. This is the value 
from which counting commences. 

 
 
7,0(5B7,0(5QB&855(17B9$/8(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
timern_current_value0 
Lower 32 bits of Current Value of Timer n 

 
 
7,0(5B7,0(5QB&855(17B9$/8(��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
timern_current_value1 
Higher 32 bits of Current Value of Timer n 

 
 
7,0(5B7,0(5QB&21752/5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:3   RO   0x0  Reserved 

2   RW   0x0  

timer_int_en 
Timer interrupt enable. 
1'b0: disable 
1'b1: enable 

1   RW   0x0  

timer_mode 
Timer mode. 
1'b0: Free-running mode 
1'b1: User-defined count mode 

0   RW   0x0  

timer_en 
Timer enable. 
1'b0: Disable 
1'b1: Enable 

 
 
7,0(5B7,0(5QB,1767$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:1   RO   0x0  Reserved 

0   RO   0x0  
timern_int 
This register contains the interrupt status for timern. 

 
 
 

11.5 Application Notes 
11.5.1 Register Base Address 

������ͳͳǦͳ���������������������� 

Module  CNT Base Addr 

TIMER 

TIMER0_BASE 0xFF700000 

TIMER1_BASE 0xFF700020 

TIMER2_BASE 0xFF700040 

TIMER3_BASE 0xFF700060 
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Module  CNT Base Addr 

TIMER4_BASE 0xFF700080 

TIMER5_BASE 0xFF7000a0 

STIMER 

STIMER0_BASE 0xFF710000 

STIMER1_BASE 0xFF710020 

11.5.2 Clock and Enable 
,Q�WKH�FKLS��WKH�WLPHUBFON�LV�IURP���0+]�;,1B26&��DV\QFKURQRXV�WR�WKH�SFON��:KHQ�XVHU�
GLVDEOHV�WKH�WLPHU�HQDEOHV�ELW��ELW���RI�7,0(5QB&21752/5(*���İQİ�����WKH�WLPHU�HQ�
RXWSXW�VLJQDO�LV�GH�DVVHUWHG��DQG�WLPHUBFON�ZLOO�VWRS��:KHQ�XVHU�HQDEOHV�WKH�WLPHU��WKH�
WLPHUBHQ�VLJQDO�LV�DVVHUWHG�DQG�WLPHUBFON�ZLOO�VWDUW�UXQQLQJ� 
7KH�DSSOLFDWLRQ�LV�RQO\�DOORZHG�WR�UH�FRQILJ�UHJLVWHUV�ZKHQ�WLPHUBHQ�LV�ORZ� 

timer_clk

timer_en
 

Fig. 11-3 Timing between timer_en and timer_clk 
3OHDVH�UHIHU�WR�IXQFWLRQ�GHVFULSWLRQ�VHFWLRQ�IRU�WKH�WLPHU�XVDJH�IORZ� 
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Chapter 12 Watchdog  

12.1 Overview 
:DWFKGRJ�7LPHU��:'7��LV�DQ�$3%�VODYH�SHULSKHUDO�WKDW�FDQ�EH�XVHG�WR�SUHYHQW�V\VWHP�
ORFNXS�WKDW�PD\�EHFDXVHG�E\�FRQIOLFWLQJ�SDUWV�RU�SURJUDPV�LQ�D�6R&�7KH�:'7�ZRXOG�
JHQHUDWH�LQWHUUXSW�RU�UHVHW�VLJQDO�ZKHQ�LW¶V�FRXQWHU�UHDFKHV�]HUR��WKHQ�D�UHVHW�FRQWUROOHU�
ZRXOG�UHVHW�WKH�V\VWHP��7KHUH�LV�D�1RQ�VHFXUH�:'7�:'7B16��DQG�D�6HFXUH�:'7�:'7B6�� 
:'7�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z ���ELWV�$3%�EXV�ZLGWK 
z :'7�FRXQWHU¶V�FORFN�LV�SFON 
z ���ELWV�:'7�FRXQWHU�ZLGWK 
z &RXQWHU�FRXQWV�GRZQ�IURP�D�SUHVHW�YDOXH�WR���WR�LQGLFDWH�WKH�RFFXUUHQFH�RI�D�WLPHRXW 
z :'7�FDQ�SHUIRUP�WZR�W\SHV�RI�RSHUDWLRQV�ZKHQ�WLPHRXW�RFFXUV� 
� *HQHUDWH�D�V\VWHP�UHVHW 
� )LUVW�JHQHUDWH�DQ�LQWHUUXSW�DQG�LI�WKLV�LV�QRW�FOHDUHG�E\�WKH�VHUYLFH�URXWLQH�E\�WKH�WLPH�

D�VHFRQG�WLPHRXW�RFFXUV�WKHQ�JHQHUDWH�D�V\VWHP�UHVHW 
z 3URJUDPPDEOH�UHVHW�SXOVH�OHQJWK 
z 7RWDO����GHILQHG�UDQJHV�RI�PDLQ�WLPHRXW�SHULRG 
z 6XSSRUWV�VSHHG�XS�VLPXODWLRQ�WKURXJK�*5) 

12.2 Block Diagram 

WDT

APB 
Interface

Register
Block

Interrupt&
System
Reset

Control

 
Fig. 12-1WDT block diagram 

%ORFN�'HVFULSWLRQV� 
z $3%�,QWHUIDFH 
7KH�$3%�,QWHUIDFH�LPSOHPHQWV�WKH�$3%�VODYH�RSHUDWLRQ��,WV�GDWD�EXV�ZLGWK�LV����ELWV� 
z 5HJLVWHU�%ORFN 
$�UHJLVWHU�EORFN�WKDW�UHDG�FRKHUHQFH�IRU�WKH�FXUUHQW�FRXQW�UHJLVWHU� 
z ,QWHUUXSW�	�V\VWHP�UHVHW�FRQWURO 
$Q�LQWHUUXSW�V\VWHP�UHVHW�JHQHUDWLRQ�EORFN�LV�FRPSULVHG�RI�D�GHFUHPHQWLQJ�FRXQWHU�DQG�
FRQWURO�ORJLF� 

12.3 Function Description 
12.3.1 2SHUDWLRQ 

&RXQWHU 
7KH�:'7�FRXQWV�IURP�D�SUHVHW��WLPHRXW��YDOXH�LQ�GHVFHQGLQJ�RUGHU�WR�]HUR��:KHQ�WKH�
FRXQWHU�UHDFKHV�]HUR��GHSHQGLQJ�RQ�WKH�RXWSXW�UHVSRQVH�PRGH�VHOHFWHG��HLWKHU�D�V\VWHP�
UHVHW�RU�DQ�LQWHUUXSW�RFFXUV��:KHQ�WKH�FRXQWHU�UHDFKHV�]HUR��LW�ZUDSV�WR�WKH�VHOHFWHG�
WLPHRXW�YDOXH�DQG�FRQWLQXHV�GHFUHPHQWLQJ��7KH�XVHU�FDQ�UHVWDUW�WKH�FRXQWHU�WR�LWV�LQLWLDO�
YDOXH��7KLV�LV�SURJUDPPHG�E\�ZULWLQJ�WR�WKH�UHVWDUW�UHJLVWHU�DW�DQ\�WLPH��7KH�SURFHVV�RI�
UHVWDUWLQJ�WKH�ZDWFKGRJ�FRXQWHU�LV�VRPHWLPHV�UHIHUUHG�DV�NLFNLQJ�WKH�GRJ��$V�D�VDIHW\�
IHDWXUH�WR�SUHYHQW�DFFLGHQWDO�UHVWDUWV��WKH�YDOXH��[���PXVW�EH�ZULWWHQ�WR�WKH�&XUUHQW�
&RXQWHU�9DOXH�5HJLVWHU��:'7B&55����$IWHU�WKH�FRXQWHU�FRXQWV�GRZQ�WR����LW�ZLOO�UHORDG�EDFN�
WR�WKH�LQLWLDO�YDOXH�DQG�UHVWDUW�FRXQWLQJ�� 
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,QWHUUXSWV 
7KH�:'7�FDQ�EH�SURJUDPPHG�WR�JHQHUDWH�DQ�LQWHUUXSW��DQG�WKHQ�D�V\VWHP�UHVHW��ZKHQ�D�
WLPHRXW�RFFXUV��:KHQ�D���LV�ZULWWHQ�WR�WKH�UHVSRQVH�PRGH�ILHOG��502'��ELW����RI�WKH�
:DWFKGRJ�7LPHU�&RQWURO�5HJLVWHU��:'7B&5���WKH�:'7�JHQHUDWHV�DQ�LQWHUUXSW��,I�LW�LV�QRW�
FOHDUHG�E\�WKH�WLPH�D�VHFRQG�WLPHRXW�RFFXUV��WKHQ�LW�JHQHUDWHV�D�V\VWHP�UHVHW��,I�D�UHVWDUW�
RFFXUV�DW�WKH�VDPH�WLPH�WKH�ZDWFKGRJ�FRXQWHU�UHDFKHV�]HUR��DQ�LQWHUUXSW�LV�QRW�JHQHUDWHG� 
6\VWHP�5HVHWV 
:KHQ�D���LV�ZULWWHQ�WR�WKH�RXWSXW�UHVSRQVH�PRGH�ILHOG��502'��ELW����RI�WKH�:DWFKGRJ�7LPHU�
&RQWURO�5HJLVWHU��:'7B&5���WKH�:'7�JHQHUDWHV�D�V\VWHP�UHVHW�ZKHQ�D�WLPHRXW�RFFXUV��  
5HVHW�3XOVH�/HQJWK 
7KH�UHVHW�SXOVH�OHQJWK�LV�WKH�QXPEHU�RI�SFON�F\FOHV�IRU�ZKLFK�D�V\VWHP�UHVHW�LV�DVVHUWHG��
:KHQ�D�V\VWHP�UHVHW�LV�JHQHUDWHG��LW�UHPDLQV�DVVHUWHG�IRU�WKH�QXPEHU�RI�F\FOHV�VSHFLILHG�E\�
WKH�UHVHW�SXOVH�OHQJWK�RU�XQWLO�WKH�V\VWHP�LV�UHVHW��$�FRXQWHU�UHVWDUW�KDV�QR�HIIHFW�RQ�WKH�
V\VWHP�UHVHW�RQFH�LW�KDV�EHHQ�DVVHUWHG� 
 

12.3.2 3URJUDPPLQJ�VHTXHQFH 
2SHUDWLRQ�)ORZ�&KDUW��5HVSRQVH�PRGH �� 

Reset

Program WDT_TORR.1

Program WDT_CR.2

Counter Restarted?3 Reload Counter.4

Decrement Counter

Assert Interrupt

Counter wraps to selected 
timeout period and continues 

to decrement.

Assert System Reset

YES

NO

Reload Counter.4

Decrement Counter

Counter = 0?

Counter Restarted?3

Interrupt Cleared?5

Counter = 0? Interrupt Cleared?5

NO

YES

NO

YES

YES

NO

YESNO NO
YES

1. Select required timeout period.
2. Set reset pulse length, response mode, and enable WDT.
3. Write 0x76 to WDT_CRR.
4. Starts back to selected timeout period.
5. Can clear by reading WDT_EOI or restarting (kicking) the counter by writing 0x76 to WDT_CRR.  

)LJ������:'7�2SHUDWLRQ�)ORZ 

12.4 Register Description 
7KLV�VHFWLRQ�GHVFULEHV�WKH�FRQWURO�VWDWXV�UHJLVWHUV�RI�WKH�GHVLJQ��  
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12.4.1 5HJLVWHUV�6XPPDU\�  

Name Offset Size Reset 
Value Description 

WDT_CR 0x0000 W 0x0000000A Control Register 
WDT_TORR 0x0004 W 0x00000000 Timeout Range Register 
WDT_CCVR 0x0008 W 0x0000FFFF Current Counter Value Register 
WDT_CRR 0x000C W 0x00000000 Counter Restart Register 
WDT_STAT 0x0010 W 0x00000000 Interrupt Status Register 
WDT_EOI 0x0014 W 0x00000000 Interrupt Clear Register 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access  
12.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  

WDT_CR  
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 
31:5 RO 0x0000000 reserved 

4:2 RW 0x2 

rst_pluse_length 
This is used to select the number of pclk cycles  
for which the system reset stays asserted.  
3'b000: 2 pclk cycles  
3'b001: 4 pclk cycles  
3'b010: 8 pclk cycles  
3'b011: 16 pclk cycles  
3'b100: 32 pclk cycles  
3'b101: 64 pclk cycles  
3'b110: 128 pclk cycles  
3'b111: 256 pclk cycles  

1 RW 0x1 

resp_mode 
Selects the output response generated to a timeout.  
1'b0: Generate a system reset.  
1'b1: First generate an interrupt and if it is not cleared by the 
time a second timeout occurs then generate a system reset.  

0 RW 0x0 

wdt_en 
Writable when the configuration parameter WDT_ALWAYS_EN=0, 
otherwise,it is readable. This bit is used to enable and disable the 
DW_apb_wdt.When disabled, the counter dose not 
decrement .Thus, no interrupt or system reset are generated. 
Once this bit has been enabled, it can be cleared only by a 
system reset.  
1'b0: WDT disabled. 
1'b1: WDT enabled. 

 
WDT_TORR  
Address: Operational Base + offset (0x0004) 
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Bit Attr Reset Value Description 
31:4 RO 0x0000000 reserved 

3:0 RW 0x0 

timeout_period 
This field is used to select the timeout period from which the 
watchdog counter restarts. A change of the timeout period takes 
effect only after the next counter restart (kick).  
The range of values available for a 32-bit watchdog counter are:  
4'b0000: 0x0000ffff  
4'b0001: 0x0001ffff  
4'b0010: 0x0003ffff  
4'b0011: 0x0007ffff  
4'b0100: 0x000fffff  
4'b0101: 0x001fffff  
4'b0110: 0x003fffff  
4'b0111: 0x007fffff  
4'b1000: 0x00ffffff  
4'b1001: 0x01ffffff  
4'b1010: 0x03ffffff  
4'b1011: 0x07ffffff  
4'b1100: 0x0fffffff  
4'b1101: 0x1fffffff  
4'b1110: 0x3fffffff  
4'b1111: 0x7fffffff  

 
WDT_CCVR  
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 

31:0 RO 0x0000ffff 
cur_cnt 
This register, when read, is the current value of the internal 
counter. This value is read coherently whenever it is read 

 
WDT_CRR  
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7:0 WO 0x00 

cnt_restart 
This register is used to restart the WDT counter. As a safety 
feature to prevent accidental restarts, the value 0x76 must be 
written. A restart also clears the WDT interrupt. Reading this 
register returns zero. 

 
WDT_STAT  
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 
31:1 RO 0x00000000 reserved 
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Bit Attr Reset Value Description 

0 RO 0x0 

wdt_status 
This register shows the interrupt status of the WDT.  
1'b1: Interrupt is active regardless of polarity. 
1'b0: Interrupt is inactive. 

 
WDT_EOI  
Address: Operational Base + offset (0x0014) 

Bit Attr Reset Value Description 
31:1 RO 0x00000000 reserved 

0 RO 0x0 
wdt_int_clr 
This can be used to clear the interrupt without restarting the 
watchdog counter. 
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Chapter 13 System Debug 
13  

13.1 Overview 
7KH�FKLS�XVHV�WKH�'$3�/,7(��7HFKQRORJ\�WR�VXSSRUW�UHDO�WLPH�GHEXJ� 
13.1.1 )HDWXUHV 
z ,QYDVLYH�GHEXJ�ZLWK�FRUH�KDOWHG 
z 6:�'3 
13.1.2 'HEXJ�FRPSRQHQWV�DGGUHVV�PDS 
7KH�IROORZLQJ�WDEOH�VKRZV�WKH�GHEXJ�FRPSRQHQWV�DGGUHVV�LQ�PHPRU\�PDS� 

0RGXOH %DVH�$GGUHVV 
'$3B520 �[IG������ 

13.2 Block Diagram 

DAPLITE2

Cortex-A55

Debug
APB

JTAG/SW

System 
apb

CHIP

Debug
block

 
Fig. 13-1Debug system structure 

13.3 Function Description 
13.3.1 '$3 
7KH�'$3�KDV�IROORZLQJ�FRPSRQHQWV� 
z Serial Wire JTAG Debug Port(SWJ-DP) 
z APB Access Port(APB-AP) 
z ROM table 
7KH�GHEXJ�SRUW�LV�WKH�KRVW�WRROV�LQWHUIDFH�WR�DFFHVV�WKH�'$3�/LWH���7KLV�LQWHUIDFH�FRQWUROV�
DQ\�DFFHVV�SRUWV�SURYLGHG�ZLWKLQ�WKH�'$3�/LWH���7KH�'$3�/LWH��VXSSRUWV�D�FRPELQHG�GHEXJ�
SRUW�ZKLFK�LQFOXGHV�ERWK�-7$*�DQG�6HULDO�:LUH�'HEXJ�6:'���ZLWK�D�PHFKDQLVP�WKDW�
VXSSRUWV�VZLWFKLQJ�EHWZHHQ�WKHP� 
7KH�$3%�$3�DFWV�DV�D�EULGJH�EHWZHHQ�6:-�'3�DQG�$3%�EXV�ZKLFK�WUDQVODWH�WKH�'HEXJ�
UHTXHVW�WR�$3%�EXV� 
7KH�'$3�SURYLGHV�DQ�LQWHUQDO�520�WDEOH�FRQQHFWHG�WR�WKH�PDVWHU�'HEXJ�$3%�SRUW�RI�WKH�
$3%�0X[��7KH�'HEXJ�520�WDEOH�LV�ORDGHG�DW�DGGUHVV��[���������DQG��[���������RI�WKLV�
EXV�DQG�LV�DFFHVVLEOH�IURP�ERWK�$3%�$3�DQG�WKH�V\VWHP�$3%�LQSXW��%LW>��@�RI�WKH�DGGUHVV�
EXV�LV�QRW�FRQQHFWHG�WR�WKH�520�7DEOH��HQVXULQJ�WKDW�ERWK�YLHZV�UHDG�WKH�VDPH�YDOXH��7KH�
520�WDEOH�VWRUHV�WKH�ORFDWLRQV�RI�WKH�FRPSRQHQWV�RQ�WKH�'HEXJ�$3%� 
0RUH�LQIRUPDWLRQ�SOHDVH�UHIHU�WR�WKH�GRFXPHQW�&RUH6LJKWB'$3/LWH�B750BU�S��SGI�IRU�WKH�
GHEXJ�GHWDLO�GHVFULSWLRQ� 

13.4 Register Description 
3OHDVH�UHIHU�WR�WKH�GRFXPHQW�&RUH6LJKWB'$3/LWH�B750BU�S��SGI�IRU�WKH�GHEXJ�GHWDLO�
GHVFULSWLRQ� 
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13.5 Interface Description 
13.5.1 '$3�6:-�'3�,QWHUIDFH 
7KH�IROORZLQJ�ILJXUH�LV�WKH�'$3�6:-�'3�LQWHUIDFH��WKH�6:-�'3�LV�D�FRPELQHG�-7$*�'3�DQG�
6:�'3�WKDW�HQDEOH�\RX�FRQQHFW�HLWKHU�D�6HULDO�:LUH�'HEXJ�6:-��WR�-7$*�SUREH�WR�D�WDUJHW� 

 
Fig. 13-2 DAP SWJ Interface 

13.5.2 '$3�6:�'3�,QWHUIDFH 
7KLV�LPSOHPHQWDWLRQ�LV�WDNHQ�IURP�$',Y����DQG�RSHUDWHV�ZLWK�D�V\QFKURQRXV�VHULDO�LQWHUIDFH��
7KLV�XVHV�D�VLQJOH�ELGLUHFWLRQDO�GDWD�VLJQDO��DQG�D�FORFN�VLJQDO� 
7KH�ILJXUH�EHORZ�GHVFULEHV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�WLPLQJ�RI�WUDQVDFWLRQV�RQ�WKH�VHULDO�
ZLUH�LQWHUIDFH��DQG�WKH�'$3�LQWHUQDO�EXV�WUDQVIHUV��,W�VKRZV�ZKHQ�WKH�WDUJHW�UHVSRQGV�ZLWK�D�
:$,7�DFNQRZOHGJHPHQW� 

 
Fig. 13-3 SW-DP Acknowledgement Timing 

Table 13-1 SW-DP Interface Description 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO� 

0RGXOH�
SLQ 'LU� 3DG�QDPH ,208; 

MWDJBWFN , 6'00&�B'��-7$*B7&.�8$57�B&76QB0��
*3,2�B'�BX 

*5)B*3,2�'B,208;B+>�����@ �¶E��
� 

MWDJBWPV ,�2 6'00&�B'��-7$*B706�8$57�B576QB0��
*3,2�B$�BX 

*5)B*3,2�$B,208;B/>���@ �¶E��� 
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Chapter 14 Mailbox 
14  

14.1 Overview 
7KH�0DLOER[�PRGXOH�LV�D�VLPSOH�$3%�SHULSKHUDO�WKDW�DOORZV�&RUWH[�$���0&8�FRUH�WR�
FRPPXQLFDWH�ZLWK�HDFK�RWKHU�E\�ZULWLQJ�RSHUDWLRQ�WR�JHQHUDWH�LQWHUUXSW��7KH�UHJLVWHUV�DUH�
DFFHVVLEOH�YLD�$3%�LQWHUIDFH� 
7KH�0DLOER[�KDV�WKH�IROORZLQJ�PDLQ�IHDWXUHV��  
z Support APB interface 
z Support four mailbox elements, each element includes one data word, one command 

word register and one flag bit that can represent one interrupt 
z Support interrupts to Cortex-A7, and MCU core 
z Provide 32 lock registers for software to use to indicate whether mailbox is occupied 

14.2 Block Diagram 
7KH�ILJXUH�EHORZ�VKRZV�0DLOER[�EORFN�GLDJUDP� 

APB  slave Mailbox
Registers

Mailbox

APB bus

AP_IRQ[3:0]

BB_IRQ[3:0]

 
Fig. 14-1 Mailbox Block Diagram 

14.3 Function Description 
14.3.1 0DLOER[ 
z Regard Cortex-A7 as the ³AP´ side of the Mailbox. The four elements combined interrupt 

(|mailbox_irq_ap[3:0]) to Cortex-A7 is: 
� Enabled when IRQs[111] is enabled in the GIC and MAILBOX_B2A_INTEN[i] is set to 

1. (i=0~3) 
� Generated when there are writing operation to corresponding MAILBOX_B2A_CMD_i 

and MAILBOX_B2A_DAT_i orderly. 
� Cleared when writing 1 to corresponding MAILBOX_B2A_STATUS[i]. 

z Regard MCU core as the ³BB´ side of the Mailbox. The four elements combined interrupt 
(|mailbox_irq_bb[3:0]) to MCU core is: 
� Enabled when IRQs[112]/IRQs[13] is enabled in the INTC/IPIC of MCU core and 

MAILBOX_A2B_INTEN[i] is set to 1. (i=0~3) 
� Generated when there are writing operation to corresponding MAILBOX_A2B_CMD_i 

and MAILBOX_A2B_DAT_i orderly. 
� Cleared when writing 1 to corresponding MAILBOX_A2B_STATUS[i]. 

z You can also regard Cortex-A7 as the ³BB´ side of the Mailbox and regard MCU core as 
the ³AP´ side of the Mailbox. The configuration flow is similar. 

14.4 5HJLVWHU�'HVFULSWLRQ�  
14.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
14.4.2 5HJLVWHUV�6XPPDU\�  
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

0$,/%2;B$�%B,17(1 �[���� : �[�������� $3�WR�%%�,QWHUUXSW�(QDEOH�5HJLVWHU 
0$,/%2;B$�%B67$786 �[���� : �[�������� $3�WR�%%�,QWHUUXSW�6WDWXV�5HJLVWHU 
0$,/%2;B$�%B&0'B� �[���� : �[�������� $3�WR�%%�&RPPDQG���5HJLVWHU 
0$,/%2;B$�%B'$7B� �[���& : �[�������� $3�WR�%%�'DWD���5HJLVWHU 
0$,/%2;B$�%B&0'B� �[���� : �[�������� $3�WR�%%�&RPPDQG���5HJLVWHU 
0$,/%2;B$�%B'$7B� �[���� : �[�������� $3�WR�%%�'DWD���5HJLVWHU 
0$,/%2;B$�%B&0'B� �[���� : �[�������� $3�WR�%%�&RPPDQG���5HJLVWHU 
0$,/%2;B$�%B'$7B� �[���& : �[�������� $3�WR�%%�'DWD���5HJLVWHU 
0$,/%2;B$�%B&0'B� �[���� : �[�������� $3�WR�%%�&RPPDQG���5HJLVWHU 
0$,/%2;B$�%B'$7B� �[���� : �[�������� $3�WR�%%�'DWD���5HJLVWHU 
0$,/%2;B%�$B,17(1 �[���� : �[�������� %%�WR�$3�,QWHUUXSW�(QDEOH�5HJLVWHU 
0$,/%2;B%�$B67$786 �[���& : �[�������� %%�WR�$3�,QWHUUXSW�6WDWXV�5HJLVWHU 
0$,/%2;B%�$B&0'B� �[���� : �[�������� %%�WR�$3�&RPPDQG���5HJLVWHU 
0$,/%2;B%�$B'$7B� �[���� : �[�������� %%�WR�$3�'DWD���5HJLVWHU 
0$,/%2;B%�$B&0'B� �[���� : �[�������� %%�WR�$3�&RPPDQG���5HJLVWHU 
0$,/%2;B%�$B'$7B� �[���& : �[�������� %%�WR�$3�'DWD���5HJLVWHU 
0$,/%2;B%�$B&0'B� �[���� : �[�������� %%�WR�$3�&RPPDQG���5HJLVWHU 
0$,/%2;B%�$B'$7B� �[���� : �[�������� %%�WR�$3�'DWD���5HJLVWHU 
0$,/%2;B%�$B&0'B� �[���� : �[�������� %%�WR�$3�&RPPDQG���5HJLVWHU 
0$,/%2;B%�$B'$7B� �[���& : �[�������� %%�WR�$3�'DWD���5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���� : �[�������� $WRPLF�/RFN����5HJLVWHU 
0$,/%2;B$720,&B/2&.B
�� �[���& : �[�������� $WRPLF�/RFN����5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
14.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
0$,/%2;B$�%B,17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
0$,/%2;B$�%B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

 
0$,/%2;B$�%B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B$�%B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B$�%B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B$�%B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B$�%B&0'B��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B$�%B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B$�%B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B$�%B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B%�$B,17(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
LQW� 
,QWHUUXSW�HQDEOH�IRU�LQW�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
0$,/%2;B%�$B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

� :�
& �[� 

LQW� 
,QWHUUXSW�VWDWXV�IRU�LQW�� 
&OHDU�WKH�LQWHUUXSW�E\�ZULWLQJ���WR�WKLV�ELW� 
�
E���,QWHUUXSW�LV�LQDFWLYH 
�
E���,QWHUUXSW�LV�DFWLYH 

 
0$,/%2;B%�$B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B%�$B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B%�$B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B%�$B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B%�$B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B%�$B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B%�$B&0'B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� FRPPDQG &RPPDQG�UHJLVWHU� 
 
0$,/%2;B%�$B'$7B��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� GDWD 'DWD�UHJLVWHU� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
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0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
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0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
0$,/%2;B$720,&B/2&.B���  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� DWRPLFBORFN 

$WRPLF�ORFN�IODJ�ELW� 
 
 

14.5 Application Notes 
z It is recommended to read one ATOMIC_LOCK register first when using the Mailbox. The 

read value is 0 means it is available, and 1 means it has been automatically locked. 
Writing to the ATOMIC_LOCK register will clear this bit. 

z Write to the CMD register before writing to the DAT register. If wrong order is used, then 
the interrupt cannot be generated successfully. 

z If you want to clear the interrupt, you can read out the STATUS register and writing 1 to 
corresponding bit. 
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Chapter 15 Pulse Width Modulation (PWM) 
15  

15.1 Overview 
7KH�SXOVH�ZLGWK�PRGXODWRU��3:0��IHDWXUH�LV�YHU\�FRPPRQ�LQ�HPEHGGHG�V\VWHPV��,W�
SURYLGHV�D�ZD\�WR�JHQHUDWH�D�SXOVH�SHULRGLF�ZDYHIRUP�IRU�PRWRU�FRQWURO�RU�FDQ�DFW�DV�D�
GLJLWDO�WR�DQDORJ�FRQYHUWHU�ZLWK�VRPH�H[WHUQDO�FRPSRQHQWV� 
7KH�3:0�PRGXOH�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z ��EXLOW�LQ�3:0�FKDQQHOV�  
z 6XSSRUW�FDSWXUH�PRGH 
� 0HDVXUHV�WKH�KLJK�ORZ�SRODULW\�HIIHFWLYH�F\FOHV�RI�WKH�LQSXW�ZDYHIRUP 
� *HQHUDWHV�D�VLQJOH�LQWHUUXSW�DW�WKH�WUDQVLWLRQ�RI�LQSXW�ZDYHIRUP�SRODULW\ 
� ���ELW�KLJK�SRODULW\�FDSWXUH�UHJLVWHU 
� ���ELW�ORZ�SRODULW\�FDSWXUH�UHJLVWHU 
� ���ELW�FXUUHQW�YDOXH�UHJLVWHU�  
� 7KH�FDSWXUH�UHVXOW�FDQ�EH�VWRUHG�LQ�D�),)2��DQG�WKH�GHSWK�RI�),)2�LV����7KH�GDWD�RI�

),)2�FDQ�EH�UHDG�E\�&38�RU�'0$ 
� &KDQQHO���VXSSRUW����ELWV�SRZHU�NH\�FDSWXUH�PRGH 
� 6XSSRUW�VZLWFK�FKDQQHO�,2�EHWZHHQ�FKDQQHO���DQG�FKDQQHO����� 
� 6XSSRUW�D�LQSXW�ILOWHU�WR�UHPRYH�JOLWFK 

z 6XSSRUW�FRQWLQXRXV�PRGH�RU�RQH�VKRW�PRGH 
� ���ELW�SHULRG�FRXQWHU�  
� ���ELW�GXW\�UHJLVWHU 
� ���ELW�FXUUHQW�YDOXH�UHJLVWHU 
� 3:0�RXWSXW�SRODULW\�LQ�LQDFWLYH�VWDWH�DQG�GXW\�F\FOH�SRODULW\�FDQ�EH�FRQILJXUHG 
� 3HULRG�DQG�GXW\�F\FOH�DUH�VKDGRZ�EXIIHUHG��&KDQJH�WDNHV�HIIHFW�ZKHQ�WKH�HQG�RI�

WKH�HIIHFWLYH�SHULRG�LV�UHDFKHG�RU�ZKHQ�WKH�FKDQQHO�LV�GLVDEOHG 
� 3URJUDPPDEOH�FHQWHU�RU�OHIW�DOLJQHG�RXWSXWV��DQG�FKDQJH�WDNHV�HIIHFW�ZKHQ�WKH�HQG�

RI�WKH�HIIHFWLYH�SHULRG�LV�UHDFKHG�RU�ZKHQ�WKH�FKDQQHO�LV�GLVDEOHG�  
� ��ELW�UHSHDW�FRXQWHU�IRU�RQH�VKRW�RSHUDWLRQ��2QH�VKRW�RSHUDWLRQ�ZLOO�SURGXFH�1�����

SHULRGV�RI�WKH�ZDYHIRUP��ZKHUH�1�LV�WKH�UHSHDW�FRXQWHU�YDOXH��DQG�JHQHUDWHV�D�
VLQJOH�LQWHUUXSW�DW�WKH�HQG�RI�RSHUDWLRQ 

� &RQWLQXRXV�PRGH�JHQHUDWHV�WKH�ZDYHIRUP�FRQWLQXRXVO\��DQG�GRHV�QRW�JHQHUDWHV�
DQ\�LQWHUUXSWV 

z 6XSSRUW���PDLQ�FORFN�LQSXW��RQH�LV�IURP�FU\VWDO�RVFLOODWRU�DQG�WKH�IUHTXHQF\�LV�IL[HG��
WKH�RWKHU�RQH�LV�IURP�3//�DQG�WKH�IUHTXHQF\�FDQ�EH�FRQILJXUHG��(DFK�FKDQQHO�FDQ�
VHOHFW�RQH�RI�WKH�FORFNV�DFFRUGLQJ�WR�UHTXLUHPHQW� 

z 6XSSRUW�WZR�OHYHO�IUHTXHQF\�GLYLVLRQ� 
z $YDLODEOH�ORZ�SRZHU�PRGH�WR�UHGXFH�SRZHU�FRQVXPSWLRQ�ZKHQ�WKH�FKDQQHO�LV�LQDFWLYH� 
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15.2 Block Diagram 

PWM

A
PB

 S
lave 

In
terface

PWM Channel*4

pwm_int

pwm_in[3:0]

oe_n[3:0]

pwm_out[3:0]

dma_req/ack

pwm_int  
Fig. 15-1 PWM Block Diagram 

7KH�KRVW�SURFHVVRU�JHWV�DFFHVV�WR�3:0�5HJLVWHU�%ORFN�WKURXJK�WKH�$3%�VODYH�LQWHUIDFH�ZLWK�
���ELW�EXV�ZLGWK��DQG�DVVHUWV�WKH�DFWLYH�KLJK�OHYHO�LQWHUUXSW��3:0�RQO\�VXSSRUWV�RQH�
LQWHUUXSW�RXWSXW��SOHDVH�UHIHU�WR�LQWHUUXSW�UHJLVWHU�WR�NQRZ�WKH�UDZ�LQWHUUXSW�VWDWXV�ZKHQ�DQ�
LQWHUUXSW�LV�DVVHUWHG� 
3:0�&KDQQHO�LV�WKH�FRQWURO�ORJLF�RI�3:0�PRGXOH��DQG�FRQWUROV�WKH�RSHUDWLRQ�RI�3:0�PRGXOH�
DFFRUGLQJ�WR�WKH�FRQILJXUHG�ZRUNLQJ�PRGH� 

15.3 Function Description 
7KH�3:0�VXSSRUWV�WKUHH�RSHUDWLRQ�PRGHV��FDSWXUH�PRGH��RQH�VKRW�PRGH�DQG�FRQWLQXRXV�
PRGH��)RU�WKH�RQH�VKRW�PRGH�DQG�WKH�FRQWLQXRXV�PRGH��WKH�3:0�RXWSXW�FDQ�EH�FRQILJXUHG�
DV�WKH�OHIW�DOLJQHG�PRGH�RU�WKH�FHQWHU�DOLJQHG�PRGH� 
15.3.1 &DSWXUH�PRGH 
7KH�FDSWXUH�PRGH�LV�XVHG�WR�PHDVXUH�WKH�3:0�FKDQQHO�LQSXW�ZDYHIRUP�KLJK�ORZ�HIIHFWLYH�
F\FOHV�ZLWK�WKH�3:0�FKDQQHO�FORFN��DQG�DVVHUWV�DQ�LQWHUUXSW�ZKHQ�WKH�SRODULW\�RI�WKH�LQSXW�
ZDYHIRUP�FKDQJHV��7KH�QXPEHU�RI�WKH�KLJK�HIIHFWLYH�F\FOHV�LV�UHFRUGHG�LQ�WKH�
3:0[B3(5,2'B+3&�UHJLVWHU��ZKLOH�WKH�QXPEHU�RI�WKH�ORZ�HIIHFWLYH�F\FOHV�LV�UHFRUGHG�LQ�WKH�
3:0[B'87<B/3&�UHJLVWHU� 
1RWHV��WKH�3:0�LQSXW�ZDYHIRUP�LV�GRXEOHG�EXIIHUHG�ZKHQ�WKH�3:0�FKDQQHO�LV�ZRUNLQJ�LQ�RUGHU�WR�ILOWHU�
XQH[SHFWHG�VKRW�WLPH�SRODULW\�WUDQVLWLRQ��DQG�WKHUHIRUH�WKH�LQWHUUXSW�LV�DVVHUWHG�VHYHUDO�F\FOHV�DIWHU�WKH�
LQSXW�ZDYHIRUP�SRODULW\�FKDQJHV��DQG�VR�GRHV�WKH�FKDQJH�RI�WKH�YDOXHV�RI�3:0[B3(5,2'B+3&�DQG�
3:0[B'87<B/3&� 

clk_pwm

pwm_in

pwm_int  
Fig. 15-2 PWM Capture Mode 

7KH�FDSWXUH�UHVXOW�FDQ�DOVR�EH�VWRUHG�LQ�D�),)2��7KH�),)2�KDV�DQ�DOPRVW�IXOO�LQGLFDWRU��7KH�
LQGLFDWRU�FDQ�FKRVH�WR�XVH�DV�DQ�LQWHUUXSW�RU�'0$�UHTXHVW��:KHQ�LW�LV�XVHG�DV�DQ�LQWHUUXSW��
WKH�GDWD�LQ�),)2�FDQ�EH�UHDG�E\�&38��:KHQ�LW�LV�XVHG�DV�D�'0$�UHTXHVW��WKH�GDWD�LQ�),)2�
FDQ�EH�UHDG�WKURXJK�'0$��,W�DOVR�VXSSRUWV�WLPHRXW�LQWHUUXSW�ZKHQ�WKH�GDWD�LQ�),)2�KDV�QRW�
EHHQ�UHDG�LQ�D�WLPH�WKUHVKROG� 
7KH�3:0��RQO\�FKDQQHO����VXSSRUW����ELWV�SRZHU�NH\�FDSWXUH�PRGH��8VHU�FDQ�FRQILJXUH����
SRZHU�NH\�WR�PDWFK��XVHU�FDQ�SROO�WKH�VWDWXV�WR�MXGJH�ZKHWKHU�D�SRZHU�NH\�DFFHVV� 
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15.3.2 &RQWLQXRXV�PRGH 
7KH�3:0�FKDQQHO�JHQHUDWHV�D�VHULHV�RI�WKH�SXOVHV�FRQWLQXRXVO\�DV�H[SHFWHG�RQFH�WKH�
FKDQQHO�LV�HQDEOHG�ZLWK�FRQWLQXRXV�PRGH��  
,Q�WKH�FRQWLQXRXV�PRGH��WKH�3:0�RXWSXW�ZDYHIRUPV�FDQ�EH�LQ�RQH�IRUP�RI�WKH�WZR�RXWSXW�
PRGH��OHIW�DOLJQHG�PRGH�RU�FHQWHU�DOLJQHG�PRGH� 
)RU�WKH�OHIW�DOLJQHG�RXWSXW�PRGH��WKH�3:0�FKDQQHO�ILUVWO\�VWDUWV�WKH�GXW\�F\FOH�ZLWK�WKH�
FRQILJXUHG�GXW\�SRODULW\��3:0[B&75/�GXW\BSRO���2QFH�GXW\�F\FOH�QXPEHU�
�3:0[B'87<B/3&��LV�UHDFKHG��WKH�RXWSXW�LV�VZLWFKHG�WR�WKH�RSSRVLWH�SRODULW\��$IWHU�WKH�
SHULRG�QXPEHU��3:0[B3(5,2'B+3&��LV�UHDFKHG��WKH�RXWSXW�LV�DJDLQ�VZLWFKHG�WR�WKH�
RSSRVLWH�SRODULW\�WR�VWDUW�DQRWKHU�SHULRG�RI�GHVLUHG�SXOVH� 

clk_pwm

pwm_out
Duty

Period
 

)LJ�������3:0�&RQWLQXRXV�/HIW�DOLJQHG�2XWSXW�0RGH 
)RU�WKH�FHQWHU�DOLJQHG�RXWSXW�PRGH��WKH�3:0�FKDQQHO�ILUVWO\�VWDUWV�WKH�GXW\�F\FOH�ZLWK�WKH�
FRQILJXUHG�GXW\�SRODULW\��3:0[B&75/�GXW\BSRO���2QFH�RQH�KDOI�RI�GXW\�F\FOH�QXPEHU�
�3:0[B'87<B/3&��LV�UHDFKHG��WKH�RXWSXW�LV�VZLWFKHG�WR�WKH�RSSRVLWH�SRODULW\��7KHQ�LI�WKHUH�
LV�RQH�KDOI�RI�GXW\�F\FOH�OHIW�IRU�WKH�ZKROH�SHULRG��WKH�RXWSXW�LV�DJDLQ�VZLWFKHG�WR�WKH�
RSSRVLWH�SRODULW\��)LQDOO\�DIWHU�WKH�SHULRG�QXPEHU��3:0[B3(5,2'B+3&��LV�UHDFKHG��WKH�
RXWSXW�VWDUWV�DQRWKHU�SHULRG�RI�GHVLUHG�SXOVH� 

clk_pwm

pwm_out
½ Duty

Period

½ Duty

 
Fig. 15-4 PWM Continuous Center-aligned Output Mode 

2QFH�GLVDEOH�WKH�3:0�FKDQQHO��WKH�FKDQQHO�VWRSV�JHQHUDWLQJ�WKH�RXWSXW�ZDYHIRUPV�DQG�
RXWSXW�SRODULW\�LV�IL[HG�DV�WKH�FRQILJXUHG�LQDFWLYH�SRODULW\��3:0[B&75/�LQDFWLYHBSRO�� 
15.3.3 2QH�VKRW�PRGH 
8QOLNH�WKH�FRQWLQXRXV�PRGH��WKH�3:0�FKDQQHO�JHQHUDWHV�WKH�RXWSXW�ZDYHIRUPV�ZLWKLQ�WKH�
FRQILJXUHG�SHULRGV��3:0B&75/�USW�������DQG�WKHQ�VWRSV��$W�WKH�VDPH�WLPHV��DQ�LQWHUUXSW�LV�
DVVHUWHG�WR�LQIRUP�WKDW�WKH�RSHUDWLRQ�KDV�EHHQ�ILQLVKHG��  
7KHUH�DUH�DOVR�WZR�RXWSXW�PRGHV�IRU�WKH�RQH�VKRW�PRGH��WKH�OHIW�DOLJQHG�PRGH�DQG�WKH�
FHQWHU�DOLJQHG�PRGH� 

clk_pwm

pwm_out
½ Duty

Period

½ Duty

Start

end

pwm_int
 

Fig. 15-5 PWM One-shot Center-aligned Output Mode 

15.4 Register Description 
15.4.1 5HJLVWHUV�6XPPDU\ 

Name Offset Size Reset 
Value Description 

PWM_PWM0_CNT 0x0000 W 0x00000000 PWM Channel 0 Counter Register 

PWM_PWM0_PERIOD_HPR 0x0004 W 0x00000000 
PWM Channel 0 Period 
Register/High Polarity Capture 
Register 

PWM_PWM0_DUTY_LPR 0x0008 W 0x00000000 
PWM Channel 0 Duty 
Register/Low Polarity Capture 
Register 

PWM_PWM0_CTRL 0x000C W 0x00000000 PWM Channel 0 Control Register 
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Name Offset Size Reset 
Value Description 

PWM_PWM1_CNT 0x0010 W 0x00000000 PWM Channel 1 Counter Register 

PWM_PWM1_PERIOD_HPR 0x0014 W 0x00000000 
PWM Channel 1 Period 
Register/High Polarity Capture 
Register 

PWM_PWM1_DUTY_LPR 0x0018 W 0x00000000 
PWM Channel 1 Duty 
Register/Low Polarity Capture 
Register 

PWM_PWM1_CTRL 0x001C W 0x00000000 PWM Channel 1 Control Register 
PWM_PWM2_CNT 0x0020 W 0x00000000 PWM Channel 2 Counter Register 

PWM_PWM2_PERIOD_HPR 0x0024 W 0x00000000 
PWM Channel 2 Period 
Register/High Polarity Capture 
Register 

PWM_PWM2_DUTY_LPR 0x0028 W 0x00000000 
PWM Channel 2 Duty 
Register/Low Polarity Capture 
Register 

PWM_PWM2_CTRL 0x002C W 0x00000000 PWM Channel 2 Control Register 
PWM_PWM3_CNT 0x0030 W 0x00000000 PWM Channel 3 Counter Register 

PWM_PWM3_PERIOD_HPR 0x0034 W 0x00000000 
PWM Channel 3 Period 
Register/High Polarity Capture 
Register 

PWM_PWM3_DUTY_LPR 0x0038 W 0x00000000 
PWM Channel 3 Duty 
Register/Low Polarity Capture 
Register 

PWM_PWM3_CTRL 0x003C W 0x00000000 PWM Channel 3 Control Register 
PWM_INTSTS 0x0040 W 0x00000000 Interrupt Status Register 
PWM_INT_EN 0x0044 W 0x00000000 Interrupt Enable Register 

PWM_FIFO_CTRL 0x0050 W 0x00000000 PWM Channel 3 FIFO Mode 
Control Register 

PWM_FIFO_INTSTS 0x0054 W 0x00000010 FIFO Interrupts Status Register 
PWM_FIFO_TOUTTHR 0x0058 W 0x00000000 FIFO Timeout Threshold Register 
PWM_VERSION_ID 0x005C W 0x02120B34 PWM Version ID Register 
PWM_FIFO 0x0060 W 0x00000000 FIFO Register 
PWM_PWRMATCH_CTRL 0x0080 W 0x00000000 Power Key Match Control Register 

PWM_PWRMATCH_LPRE 0x0084 W 0x238C22C4 Power Key Match Of Low Preload 
Register 

PWM_PWRMATCH_HPRE 0x0088 W 0x11F81130 Power Key Match Of High Preload 
Register 

PWM_PWRMATCH_LD 0x008C W 0x029401CC Power Key Match Of Low Data 
Register 

PWM_PWRMATCH_HD_ZE
RO 0x0090 W 0x029401CC Power Key Match Of High Data For 

Zero Register 
PWM_PWRMATCH_HD_ON
E 0x0094 W 0x06FE0636 Power Key Match Of High Data For 

One Register 
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Name Offset Size Reset 
Value Description 

PWM_PWRMATCH_VALUE
0 0x0098 W 0x00000000 Power Key Match Value 0 Register 

PWM_PWRMATCH_VALUE
1 0x009C W 0x00000000 Power Key Match Value 1 Register 

PWM_PWRMATCH_VALUE
2 0x00A0 W 0x00000000 Power Key Match Value 2 Register 

PWM_PWRMATCH_VALUE
3 0x00A4 W 0x00000000 Power Key Match Value 3 Register 

PWM_PWRMATCH_VALUE
4 0x00A8 W 0x00000000 Power Key Match Value 4 Register 

PWM_PWRMATCH_VALUE
5 0x00AC W 0x00000000 Power Key Match Value 5 Register 

PWM_PWRMATCH_VALUE
6 0x00B0 W 0x00000000 Power Key Match Value 6 Register 

PWM_PWRMATCH_VALUE
7 0x00B4 W 0x00000000 Power Key Match Value 7 Register 

PWM_PWRMATCH_VALUE
8 0x00B8 W 0x00000000 Power Key Match Value 8 Register 

PWM_PWRMATCH_VALUE
9 0x00BC W 0x00000000 Power Key Match Value 9 Register 

PWM_PWM3_PWRCAPTUR
E_VALUE 0x00CC W 0x00000000 Channel 3 Power Key Capture 

Value Register 
PWM_CHANNEL_IO_CTRL 0x00D0 W 0x00000000 Channel IO Control Register 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access  
15.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
PWM_PWM0_CNT  
Address: Operational Base + offset (0x0000) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

cnt 
The 32-bit indicates current value of PWM Channel 0 counter. The 
counter runs at the rate of PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM0_PERIOD_HPR  
Address: Operational Base + offset (0x0004) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

period_hpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the period of the output waveform. Note that, if 
the PWM is operated at the center-aligned mode, the period 
should be an even one, and therefore only the bit [31:1] is taken 
into account and bit [0] always considered as 0. 
If PWM is operated at the capture mode, this value indicates the 
effective high polarity cycles of input waveform. This value is 
based on the PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM0_DUTY_LPR  
Address: Operational Base + offset (0x0008) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

duty_lpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the duty cycle of the output waveform. The 
PWM starts the output waveform with duty cycle. Note that, if the 
PWM is operated at the center-aligned mode, the period should 
be an even one, and therefore only the [31:1] is taken into 
account. 
If PWM is operated at the capture mode, this value indicates the 
effective low polarity cycles of input waveform. 
This value is based on the PWM clock. The value ranges from 0 to 
(2^32-1). 

 
PWM_PWM0_CTRL  
Address: Operational Base + offset (0x000C) 

Bit Attr Reset Value Description 

31:24 RW 0x00 

rpt 
This field defines the repeated effective periods of output 
waveform in one-shot mode. The value N means N+1 repeated 
effective periods. 

23:16 RW 0x00 

scale 
This field defines the scale factor applied to prescaled clock. The 
value N means the clock is divided by 2*N. If N is 0, it means 
that the clock is divided by 512(2*256). 

15 RO 0x0 reserved 

14:12 RW 0x0 
prescale 
This field defines the prescale factor applied to input clock. The 
value N means that the input clock is divided by 2^N. 

11 RO 0x0 reserved 
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Bit Attr Reset Value Description 

10 RW 0x0 

clk_src_sel 
1'b0: Select clk_pwm as root clock source. Clock is from PLL and 
the frequency can be configured. 
1'b1: Select clk_pwm_capture as root clock source. Clock is from 
crystal oscillator and the frequency is fixed. 

9 RW 0x0 

clk_sel 
1'b0: Non-scaled clock is selected as PWM clock source. It means 
that the prescaled clock is directly used as the PWM clock source. 
1'b1: Scaled clock is selected as PWM clock source. 

8 RW 0x0 

force_clk_en 
1'b0: Disabled. When PWM channel is inactive state, the clk_pwm 
to PWM clock prescale module is blocked to reduce power 
consumption. 
1'b1: Enabled. The clk_pwm to PWM Clock prescale module is 
always enabled. 

7 RW 0x0 
ch_cnt_en 
1'b0: Disabled 
1'b1: Enabled 

6 RW 0x0 

conlock 
PWM period and duty lock to previous configuration 
1'b0: Disable lock 
1'b1: Enable lock 

5 RW 0x0 
output_mode 
1'b0: Left aligned mode 
1'b1: Center aligned mode 

4 RW 0x0 

inactive_pol 
This defines the output waveform polarity when PWM channel is 
in inactive state. The inactive state means that PWM finishes the 
complete waveform in one-shot mode or PWM channel is 
disabled. 
1'b0: Negative 
1'b1: Positive 

3 RW 0x0 

duty_pol 
This defines the polarity for duty cycle. PWM starts the output 
waveform with duty cycle. 
1'b0: Negative 
1'b1: Positive 

2:1 RW 0x0 

pwm_mode 
2'b00: One shot mode. PWM produces the waveform within the 
repeated times defined by PWM0_CTRL.rpt. 
2'b01: Continuous mode. PWM produces the waveform 
continuously. 
2'b10: Capture mode. PWM measures the cycles of high/low 
polarity of input waveform. 
2'b11: Reserved 
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Bit Attr Reset Value Description 

0 RW 0x0 

pwm_en 
1'b0: Disabled 
1'b1: Enabled 
If the PWM is worked in the one-shot mode, this bit will be 
cleared at the end of operation. 

 
PWM_PWM1_CNT  
Address: Operational Base + offset (0x0010) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

cnt 
The 32-bit indicates current value of PWM Channel 1 counter. The 
counter runs at the rate of PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM1_PERIOD_HPR  
Address: Operational Base + offset (0x0014) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

period_hpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the period of the output waveform. Note that, if 
the PWM is operated at the center-aligned mode, the period 
should be an even one, and therefore only the bit [31:1] is taken 
into account and bit [0] always considered as 0. 
If PWM is operated at the capture mode, this value indicates the 
effective high polarity cycles of input waveform. This value is 
based on the PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM1_DUTY_LPR  
Address: Operational Base + offset (0x0018) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

duty_lpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the duty cycle of the output waveform. The 
PWM starts the output waveform with duty cycle. Note that, if the 
PWM is operated at the center-aligned mode, the period should 
be an even one, and therefore only the [31:1] is taken into 
account. 
If PWM is operated at the capture mode, this value indicates the 
effective low polarity cycles of input waveform. 
This value is based on the PWM clock. The value ranges from 0 to 
(2^32-1). 

 
PWM_PWM1_CTRL  
Address: Operational Base + offset (0x001C) 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  636 

Bit Attr Reset Value Description 

31:24 RW 0x00 

rpt 
This field defines the repeated effective periods of output 
waveform in one-shot mode. The value N means N+1 repeated 
effective periods. 

23:16 RW 0x00 

scale 
This field defines the scale factor applied to prescaled clock. The 
value N means the clock is divided by 2*N. If N is 0, it means 
that the clock is divided by 512(2*256). 

15 RO 0x0 reserved 

14:12 RW 0x0 
prescale 
This field defines the prescale factor applied to input clock. The 
value N means that the input clock is divided by 2^N. 

11 RO 0x0 reserved 

10 RW 0x0 

clk_src_sel 
1'b0: Select clk_pwm as root clock source. Clock is from PLL and 
the frequency can be configured. 
1'b1: Select clk_pwm_capture as root clock source. Clock is from 
crystal oscillator and the frequency is fixed. 

9 RW 0x0 

clk_sel 
1'b0: Non-scaled clock is selected as PWM clock source. It means 
that the prescaled clock is directly used as the PWM clock source. 
1'b1: Scaled clock is selected as PWM clock source. 

8 RW 0x0 

force_clk_en 
1'b0: Disabled. When PWM channel is inactive state, the clk_pwm 
to PWM clock prescale module is blocked to reduce power 
consumption. 
1'b1: Enabled. The clk_pwm to PWM Clock prescale module is 
always enabled. 

7 RW 0x0 
ch_cnt_en 
1'b0: Disabled 
1'b1: Enabled 

6 RW 0x0 

conlock 
PWM period and duty lock to previous configuration 
1'b0: Disable lock 
1'b1: Enable lock 

5 RW 0x0 
output_mode 
1'b0: Left aligned mode 
1'b1: Center aligned mode 

4 RW 0x0 

inactive_pol 
This defines the output waveform polarity when PWM channel is 
in inactive state. The inactive state means that PWM finishes the 
complete waveform in one-shot mode or PWM channel is 
disabled. 
1'b0: Negative 
1'b1: Positive 
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Bit Attr Reset Value Description 

3 RW 0x0 

duty_pol 
This defines the polarity for duty cycle. PWM starts the output 
waveform with duty cycle. 
1'b0: Negative 
1'b1: Positive 

2:1 RW 0x0 

pwm_mode 
2'b00: One shot mode. PWM produces the waveform within the 
repeated times defined by PWM1_CTRL.rpt. 
2'b01: Continuous mode. PWM produces the waveform 
continuously. 
2'b10: Capture mode. PWM measures the cycles of high/low 
polarity of input waveform. 
2'b11: Reserved 

0 RW 0x0 

pwm_en 
1'b0: Disabled 
1'b1: Enabled 
If the PWM is worked in the one-shot mode, this bit will be 
cleared at the end of operation. 

 
PWM_PWM2_CNT  
Address: Operational Base + offset (0x0020) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

cnt 
The 32-bit indicates current value of PWM Channel 2 counter. The 
counter runs at the rate of PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM2_PERIOD_HPR  
Address: Operational Base + offset (0x0024) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

period_hpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the period of the output waveform. Note that, if 
the PWM is operated at the center-aligned mode, the period 
should be an even one, and therefore only the bit [31:1] is taken 
into account and bit [0] always considered as 0. 
If PWM is operated at the capture mode, this value indicates the 
effective high polarity cycles of input waveform. This value is 
based on the PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM2_DUTY_LPR  
Address: Operational Base + offset (0x0028) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 

duty_lpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the duty cycle of the output waveform. The 
PWM starts the output waveform with duty cycle. Note that, if the 
PWM is operated at the center-aligned mode, the period should 
be an even one, and therefore only the [31:1] is taken into 
account. 
If PWM is operated at the capture mode, this value indicates the 
effective low polarity cycles of input waveform. 
This value is based on the PWM clock. The value ranges from 0 to 
(2^32-1). 

 
PWM_PWM2_CTRL  
Address: Operational Base + offset (0x002C) 

Bit Attr Reset Value Description 

31:24 RW 0x00 

rpt 
This field defines the repeated effective periods of output 
waveform in one-shot mode. The value N means N+1 repeated 
effective periods. 

23:16 RW 0x00 

scale 
This field defines the scale factor applied to prescaled clock. The 
value N means the clock is divided by 2*N. If N is 0, it means 
that the clock is divided by 512(2*256). 

15 RO 0x0 reserved 

14:12 RW 0x0 
prescale 
This field defines the prescale factor applied to input clock. The 
value N means that the input clock is divided by 2^N. 

11 RO 0x0 reserved 

10 RW 0x0 

clk_src_sel 
1'b0: Select clk_pwm as root clock source. Clock is from PLL and 
the frequency can be configured. 
1'b1: Select clk_pwm_capture as root clock source. Clock is from 
crystal oscillator and the frequency is fixed. 

9 RW 0x0 

clk_sel 
1'b0: Non-scaled clock is selected as PWM clock source. It means 
that the prescaled clock is directly used as the PWM clock source. 
1'b1: Scaled clock is selected as PWM clock source. 

8 RW 0x0 

force_clk_en 
1'b0: Disabled. When PWM channel is inactive state, the clk_pwm 
to PWM clock prescale module is blocked to reduce power 
consumption. 
1'b1: Enabled. The clk_pwm to PWM Clock prescale module is 
always enabled. 
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Bit Attr Reset Value Description 

7 RW 0x0 
ch_cnt_en 
1'b0: Disabled 
1'b1: Enabled 

6 RW 0x0 

conlock 
PWM period and duty lock to previous configuration 
1'b0: Disable lock 
1'b1: Enable lock 

5 RW 0x0 
output_mode 
1'b0: Left aligned mode 
1'b1: Center aligned mode 

4 RW 0x0 

inactive_pol 
This defines the output waveform polarity when PWM channel is 
in inactive state. The inactive state means that PWM finishes the 
complete waveform in one-shot mode or PWM channel is 
disabled. 
1'b0: Negative 
1'b1: Positive 

3 RW 0x0 

duty_pol 
This defines the polarity for duty cycle. PWM starts the output 
waveform with duty cycle. 
1'b0: Negative 
1'b1: Positive 

2:1 RW 0x0 

pwm_mode 
2'b00: One shot mode. PWM produces the waveform within the 
repeated times defined by PWM2_CTRL.rpt. 
2'b01: Continuous mode. PWM produces the waveform 
continuously. 
2'b10: Capture mode. PWM measures the cycles of high/low 
polarity of input waveform. 
2'b11: Reserved 

0 RW 0x0 

pwm_en 
1'b0: Disabled 
1'b1: Enabled 
If the PWM is worked in the one-shot mode, this bit will be 
cleared at the end of operation. 

 
PWM_PWM3_CNT  
Address: Operational Base + offset (0x0030) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 

cnt 
The 32-bit indicates current value of PWM Channel 3 counter. The 
counter runs at the rate of PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM3_PERIOD_HPR  
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Address: Operational Base + offset (0x0034) 
Bit Attr Reset Value Description 

31:0 RW 0x00000000 

period_hpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the period of the output waveform. Note that, if 
the PWM is operated at the center-aligned mode, the period 
should be an even one, and therefore only the bit [31:1] is taken 
into account and bit [0] always considered as 0. 
If PWM is operated at the capture mode, this value indicates the 
effective high polarity cycles of input waveform. This value is 
based on the PWM clock. 
The value ranges from 0 to (2^32-1). 

 
PWM_PWM3_DUTY_LPR  
Address: Operational Base + offset (0x0038) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

duty_lpr 
If PWM is operated at the continuous mode or one-shot mode, 
this value defines the duty cycle of the output waveform. The 
PWM starts the output waveform with duty cycle. Note that, if the 
PWM is operated at the center-aligned mode, the period should 
be an even one, and therefore only the [31:1] is taken into 
account. 
If PWM is operated at the capture mode, this value indicates the 
effective low polarity cycles of input waveform. 
This value is based on the PWM clock. The value ranges from 0 to 
(2^32-1). 

 
PWM_PWM3_CTRL  
Address: Operational Base + offset (0x003C) 

Bit Attr Reset Value Description 

31:24 RW 0x00 

rpt 
This field defines the repeated effective periods of output 
waveform in one-shot mode. The value N means N+1 repeated 
effective periods. 

23:16 RW 0x00 

scale 
This field defines the scale factor applied to prescaled clock. The 
value N means the clock is divided by 2*N. If N is 0, it means 
that the clock is divided by 512(2*256). 

15 RO 0x0 reserved 

14:12 RW 0x0 
prescale 
This field defines the prescale factor applied to input clock. The 
value N means that the input clock is divided by 2^N. 

11 RO 0x0 reserved 
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Bit Attr Reset Value Description 

10 RW 0x0 

clk_src_sel 
1'b0: Select clk_pwm as root clock source. Clock is from PLL and 
the frequency can be configured. 
1'b1: Select clk_pwm_capture as root clock source. Clock is from 
crystal oscillator and the frequency is fixed. 

9 RW 0x0 

clk_sel 
1'b0: Non-scaled clock is selected as PWM clock source. It means 
that the prescaled clock is directly used as the PWM clock source. 
1'b1: Scaled clock is selected as PWM clock source. 

8 RW 0x0 

force_clk_en 
1'b0: Disabled. When PWM channel is inactive state, the clk_pwm 
to PWM clock prescale module is blocked to reduce power 
consumption. 
1'b1: Enabled. The clk_pwm to PWM Clock prescale module is 
always enabled. 

7 RW 0x0 
ch_cnt_en 
1'b0: Disabled 
1'b1: Enabled 

6 RW 0x0 

conlock 
PWM period and duty lock to previous configuration 
1'b0: Disable lock 
1'b1: Enable lock 

5 RW 0x0 
output_mode 
1'b0: Left aligned mode 
1'b1: Center aligned mode 

4 RW 0x0 

inactive_pol 
This defines the output waveform polarity when PWM channel is 
in inactive state. The inactive state means that PWM finishes the 
complete waveform in one-shot mode or PWM channel is 
disabled. 
1'b0: Negative 
1'b1: Positive 

3 RW 0x0 

duty_pol 
This defines the polarity for duty cycle. PWM starts the output 
waveform with duty cycle. 
1'b0: Negative 
1'b1: Positive 

2:1 RW 0x0 

pwm_mode 
2'b00: One shot mode. PWM produces the waveform within the 
repeated times defined by PWM3_CTRL.rpt. 
2'b01: Continuous mode. PWM produces the waveform 
continuously. 
2'b10: Capture mode. PWM measures the cycles of high/low 
polarity of input waveform. 
2'b11: Reserved 
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Bit Attr Reset Value Description 

0 RW 0x0 

pwm_en 
1'b0: Disabled 
1'b1: Enabled 
If the PWM is worked in the one-shot mode, this bit will be 
cleared at the end of operation. 

 
PWM_INTSTS  
Address: Operational Base + offset (0x0040) 

Bit Attr Reset Value Description 
31:12 RO 0x00000 reserved 

11 RO 0x0 

CH3_Pol 
This bit is used in capture mode in order to identify the transition 
of the input waveform when interrupt is generated.  When bit is 
1, please refer to PWM3_PERIOD_HPR to know the effective high 
cycle of Channel 3 input waveform. Otherwise, please refer to 
PWM3_PERIOD_LPR to know the effective low cycle of Channel 3 
input waveform. Write 1 to CH3_IntSts will clear this bit. 

10 RO 0x0 

CH2_Pol 
This bit is used in capture mode in order to identify the transition 
of the input waveform when interrupt is generated.  When bit is 
1, please refer to PWM2_PERIOD_HPR to know the effective high 
cycle of Channel 2 input waveform. Otherwise, please refer to 
PWM2_PERIOD_LPR to know the effective low cycle of Channel 2 
input waveform. Write 1 to CH2_IntSts will clear this bit. 

9 RO 0x0 

CH1_Pol 
This bit is used in capture mode in order to identify the transition 
of the input waveform when interrupt is generated.  When bit is 
1, please refer to PWM1_PERIOD_HPR to know the effective high 
cycle of Channel 1 input waveform. Otherwise, please refer to 
PWM1_PERIOD_LPR to know the effective low cycle of Channel 1 
input waveform. Write 1 to CH1_IntSts will clear this bit. 

8 RO 0x0 

CH0_Pol 
This bit is used in capture mode in order to identify the transition 
of the input waveform when interrupt is generated.  When bit is 
1, please refer to PWM0_PERIOD_HPR to know the effective high 
cycle of Channel 0 input waveform. Otherwise, please refer to 
PWM0_PERIOD_LPR to know the effective low cycle of Channel 0 
input waveform. Write 1 to CH0_IntSts will clear this bit. 

7 W1
C 0x0 

CH3_pwr_IntSts 
1'b0: Channel 3 power key Interrupt not generated 
1'b1: Channel 3 power key Interrupt generated 

6:4 RO 0x0 reserved 

3 W1
C 0x0 

CH3_IntSts 
1'b0: Channel 3 Interrupt not generated 
1'b1: Channel 3 Interrupt generated 
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Bit Attr Reset Value Description 

2 W1
C 0x0 

CH2_IntSts 
1'b0: Channel 2 Interrupt not generated 
1'b1: Channel 2 Interrupt generated 

1 W1
C 0x0 

CH1_IntSts 
1'b0: Channel 1 Interrupt not generated 
1'b1: Channel 1 Interrupt generated 

0 W1
C 0x0 

CH0_IntSts 
1'b0: Channel 0 Interrupt not generated 
1'b1: Channel 0 Interrupt generated 

 
PWM_INT_EN  
Address: Operational Base + offset (0x0044) 

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7 RW 0x0 
CH3_pwr_Int_en 
1'b0: Channel 3 power key Interrupt disabled 
1'b1: Channel 3 power key Interrupt enabled 

6:4 RO 0x0 reserved 

3 RW 0x0 
CH3_Int_en 
1'b0: Channel 3 Interrupt disabled 
1'b1: Channel 3 Interrupt enabled 

2 RW 0x0 
CH2_Int_en 
1'b0: Channel 2 Interrupt disabled 
1'b1: Channel 2 Interrupt enabled 

1 RW 0x0 
CH1_Int_en 
1'b0: Channel 1 Interrupt disabled 
1'b1: Channel 1 Interrupt enabled 

0 RW 0x0 
CH0_Int_en 
1'b0: Channel 0 Interrupt disabled 
1'b1: Channel 0 Interrupt enabled 

 
PWM_FIFO_CTRL  
Address: Operational Base + offset (0x0050) 

Bit Attr Reset Value Description 
31:14 RO 0x00000 reserved 

13:12 RW 0x0 

dma_ch_sel 
2'b00: Select PWM0 
2'b01: Select PWM1 
2'b10: Select PWM2 
2'b11: Select PWM3 

11 RO 0x0 reserved 
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Bit Attr Reset Value Description 

10 RW 0x0 

dma_ch_sel_en 
1'b0: Disabled. Select the channel PWM3 to FIFO mode and DMA 
mode. 
1'b1: Enabled. Use dma_ch_sel to select the channel to FIFO 
mode and DMA mode. 

9 RW 0x0 timeout_en 
FIFO timeout enable. 

8 RW 0x0 
dma_mode_en 
1'b1: Enabled 
1'b0: Disabled 

7 RO 0x0 reserved 

6:4 RW 0x0 almost_full_watermark 
Almost full Watermark level. 

3 RW 0x0 watermark_int_en 
Watermark full interrupt. 

2 RW 0x0 overflow_int_en 
When high, an interrupt asserts when the FIFO overflow. 

1 RW 0x0 full_int_en 
When high, an interrupt asserts when the FIFO is full. 

0 RW 0x0 fifo_mode_sel 
When high, PWM FIFO mode is activated. 

 
PWM_FIFO_INTSTS  
Address: Operational Base + offset (0x0054) 

Bit Attr Reset Value Description 
31:5 RO 0x0000000 reserved 

4 RO 0x1 fifo_empty_status 
This bit indicates the FIFO is empty. 

3 W1
C 0x0 timieout_intsts 

Timeout interrupt. 

2 W1
C 0x0 fifo_watermark_full_intsts 

This bit indicates the FIFO is Watermark full. 

1 W1
C 0x0 fifo_overflow_intsts 

This bit indicates the FIFO is overflow. 

0 W1
C 0x0 fifo_full_intsts 

This bit indicates the FIFO is full. 
 
PWM_FIFO_TOUTTHR  
Address: Operational Base + offset (0x0058) 

Bit Attr Reset Value Description 
31:20 RO 0x000 reserved 

19:0 RW 0x00000 timeout_threshold 
FIFO timeout value (Unit: pwm clock). 

 
PWM_VERSION_ID  



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  645 

Address: Operational Base + offset (0x005C) 
Bit Attr Reset Value Description 

31:24 RW 0x02 

main_version 
Main version 
8'h0:Base version 
8'h1:Support DMA mode 
8'h2:Support DMA mode and Power key mode 

23:16 RW 0x13 minor_version 
Minor version 

15:0 RW 0x��%� svn_version 
SVN version 

 
PWM_FIFO  
Address: Operational Base + offset (0x0060) 

Bit Attr Reset Value Description 

31 RO 0x0 

pol 
This bit indicates the polarity of the lower 31-bit counter. 
1'b0: Low 
1'b1: High 

30:0 RO 0x00000000 
cycle_cnt 
This 31-bit counter indicates the effective cycles of high/low 
waveform. 

 
PWM_PWRMATCH_CTRL  
Address: Operational Base + offset (0x0080) 

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15 RW 0x0 
CH3_pwrkey_int_ctrl 
1'b0: Assert interrupt after key capture with power key match 
1'b1: Assert interrupt after key capture without power key match 

14:12 RO 0x0 reserved 

11 RW 0x0 
CH3_pwrkey_capture_ctrl 
1'b0: Capture the value after interrupt 
1'b1: Capture the value directly 

10:8 RO 0x0 reserved 

7 RW 0x0 
CH3_pwrkey_polarity 
1'b0: PWM in polarity is positive 
1'b1: PWM in polarity is negative 

6:4 RO 0x0 reserved 

3 RW 0x0 
CH3_pwrkey_enable 
1'b0: Disabled 
1'b1: Enabled 

2:0 RO 0x0 reserved 
 
PWM_PWRMATCH_LPRE  
Address: Operational Base + offset (0x0084) 
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Bit Attr Reset Value Description 

31:16 RW 0x238c cnt_max 
The maximum counter value. 

15:0 RW 0x22c4 cnt_min 
The minimum counter value. 

 
PWM_PWRMATCH_HPRE  
Address: Operational Base + offset (0x0088) 

Bit Attr Reset Value Description 

31:16 RW 0x11f8 cnt_max 
The maximum counter value. 

15:0 RW 0x1130 cnt_min 
The minimum counter value. 

 
PWM_PWRMATCH_LD  
Address: Operational Base + offset (0x008C) 

Bit Attr Reset Value Description 

31:16 RW 0x0294 cnt_max 
The maximum counter value. 

15:0 RW 0x01cc cnt_min 
The minimum counter value. 

 
PWM_PWRMATCH_HD_ZERO  
Address: Operational Base + offset (0x0090) 

Bit Attr Reset Value Description 

31:16 RW 0x0294 cnt_max 
The maximum counter value. 

15:0 RW 0x01cc cnt_min 
The minimum counter value. 

 
PWM_PWRMATCH_HD_ONE  
Address: Operational Base + offset (0x0094) 

Bit Attr Reset Value Description 

31:16 RW 0x06fe cnt_max 
The maximum counter value. 

15:0 RW 0x0636 cnt_min 
The minimum counter value. 

 
PWM_PWRMATCH_VALUE0  
Address: Operational Base + offset (0x0098) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 0. 

 
PWM_PWRMATCH_VALUE1  
Address: Operational Base + offset (0x009C) 
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Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 1. 

 
PWM_PWRMATCH_VALUE2  
Address: Operational Base + offset (0x00A0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 2. 

 
PWM_PWRMATCH_VALUE3  
Address: Operational Base + offset (0x00A4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 3. 

 
PWM_PWRMATCH_VALUE4  
Address: Operational Base + offset (0x00A8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 4. 

 
PWM_PWRMATCH_VALUE5  
Address: Operational Base + offset (0x00AC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 5. 

 
PWM_PWRMATCH_VALUE6  
Address: Operational Base + offset (0x00B0) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 6. 

 
PWM_PWRMATCH_VALUE7  
Address: Operational Base + offset (0x00B4) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 7. 

 
PWM_PWRMATCH_VALUE8  
Address: Operational Base + offset (0x00B8) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 8. 
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PWM_PWRMATCH_VALUE9  
Address: Operational Base + offset (0x00BC) 

Bit Attr Reset Value Description 

31:0 RW 0x00000000 pwrkey_match_value 
Power key match value 9. 

 
PWM_PWM3_PWRCAPTURE_VALUE  
Address: Operational Base + offset (0x00CC) 

Bit Attr Reset Value Description 

31:0 RO 0x00000000 pwrkey_capture_value 
Power key capture value. 

 
PWM_CHANNEL_IO_CTRL  
Address: Operational Base + offset (0x00D0) 

Bit Attr Reset Value Description 
31:19 RO 0x0000 reserved 

18 RW 0x0 
CH2_and_CH3_switch_en 
1'b0: Disabled 
1'b1: Enabled 

17 RW 0x0 
CH1_and_CH3_switch_en 
1'b0: Disabled 
1'b1: Enabled 

16 RW 0x0 
CH0_and_CH3_switch_en 
1'b0: Disabled 
1'b1: Enabled 

15:13 RO 0x0 reserved 

12:4 RW 0x000 filter_number 
Filter window number. 

3 RW 0x0 
CH3_input_filter_enable 
1'b0: Disabled 
1'b1: Enabled 

2 RW 0x0 
CH2_input_filter_enable 
1'b0: Disabled 
1'b1: Enabled 

1 RW 0x0 
CH1_input_filter_enable 
1'b0: Disabled 
1'b1: Enabled 

0 RW 0x0 
CH0_input_filter_enable 
1'b0: Disabled 
1'b1: Enabled 

15.5 Interface Description 
������ͳͷǦͳ�������������������������� 

Module Pin Dir. Pin Name IOMUX Setting 

PWM0CH0 I/O PWM0_M0/CPUAVS/GPIO0_B7_d 308*5)B*3,2�%B,208;B+>�����@ �¶E��� 
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Module Pin Dir. Pin Name IOMUX Setting 

HDMITX_CEC_M1/PWM0_M1/UART0_CTSn/GPIO0_C7

_d 
308*5)B*3,2�&B,208;B+>�����@ �¶E��� 

PWM0CH1 I/O 

PWM1_M0/GPUAVS/UART0_RX/GPIO0_C0_d 308*5)B*3,2�&B,208;B/>���@ �¶E��� 

I2C2_SCL_M0/SPI0_CLK_M0/PCIE20_WAKEn_M0/PW

M1_M1/GPIO0_B5_u 
308*5)B*3,2�%B,208;B+>���@ �¶E��� 

PWM0CH2 I/O 

PWM2_M0/NPUAVS/UART0_TX/MCU_JTAG_TDI/GPIO0

_C1_d 
308*5)B*3,2�&B,208;B/>���@ �¶E��� 

I2C2_SDA_M0/SPI0_MOSI_M0/PCIE20_PERSTn_M0/P

WM2_M1/GPIO0_B6_u 
308*5)B*3,2�%B,208;B+>����@ �¶E��� 

PWM0CH3 I/O 
PWM3_IR/EDP_DP_HPDIN_M1/PCIE30X1_WAKEn_M0/

MCU_JTAG_TMS/GPIO0_C2_d 
308*5)B*3,2�&B,208;B/>���@ �¶E��� 

PWM1CH0 I/O 
PWM4/VOP_PWM_M0/PCIE30X1_PERSTn_M0/MCU_JT

AG_TRSTn/GPIO0_C3_d 
308*5)B*3,2�&B,208;B/>�����@ �¶E��� 

PWM1CH1 I/O PWM5/SPI0_CS1_M0/UART0_RTSn/GPIO0_C4_d 308*5)B*3,2�&B,208;B+>���@ �¶E��� 

PWM1CH2 I/O 
PWM6/SPI0_MISO_M0/PCIE30X2_WAKEn_M0/GPIO0_

C5_d 
308*5)B*3,2�&B,208;B+>���@ �¶E��� 

PWM1CH3 I/O 
PWM7_IR/SPI0_CS0_M0/PCIE30X2_PERSTn_M0/GPIO

0_C6_d 
308*5)B*3,2�&B,208;B+>����@ �¶E��� 

PWM2CH0 I/O 

LCDC_D16/VOP_BT1120_D7/GMAC1_RXD0_M0/UART

4_RX_M1/PWM8_M0/GPIO3_B1_d 
*5)B*3,2�%B,208;B/>���@ �¶E��� 

SDMMC0_D0/UART2_TX_M1/UART6_TX_M1/PWM8_M

1/GPIO1_D5_u 
*5)B*3,2�'B,208;B+>���@ �¶E��� 

PWM2CH1 I/O 

LCDC_D17/VOP_BT1120_D8/GMAC1_RXD1_M0/UART

4_TX_M1/PWM9_M0/GPIO3_B2_d 
*5)B*3,2�%B,208;B/>����@ �¶E��� 

SDMMC0_D1/UART2_RX_M1/UART6_RX_M1/PWM9_M

1/GPIO1_D6_u 
*5)B*3,2�'B,208;B+>����@ �¶E��� 

PWM2CH2 I/O 

LCDC_D20/VOP_BT1120_D11/GMAC1_TXD0_M0/I2C3

_SCL_M1/PWM10_M0/GPIO3_B5_d 
*5)B*3,2�%B,208;B+>���@ �¶E��� 

SDMMC0_CMD/PWM10_M1/UART5_RX_M0/CAN0_TX_

M1/GPIO2_A1_u 
*5)B*3,2�$B,208;B/>���@ �¶E��� 

PWM2CH3 I/O 

LCDC_D21/VOP_BT1120_D12/GMAC1_TXD1_M0/I2C3

_SDA_M1/PWM11_IR_M0/GPIO3_B6_d 
*5)B*3,2�%B,208;B+>����@ �¶E��� 

CIF_CLKOUT/EBC_GDCLK/PWM11_IR_M1/GPIO4_C0_

d 
*5)B*3,2�&B,208;B/>���@ �¶E��� 
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Module Pin Dir. Pin Name IOMUX Setting 

PWM3CH0 I/O 

LCDC_D22/PWM12_M0/GMAC1_TXEN_M0/UART3_TX_

M1/PDM_SDI2_M2/GPIO3_B7_d 
*5)B*3,2�%B,208;B+>�����@ �¶E��� 

PWM12_M1/SPI3_MISO_M1/SATA1_ACT_LED/UART9_

TX_M1/I2S3_SDO_M1/GPIO4_C5_d 
*5)B*3,2�&B,208;B+>���@ �¶E��� 

PWM3CH1 I/O 

LCDC_D23/PWM13_M0/GMAC1_MCLKINOUT_M0/UART

3_RX_M1/PDM_SDI3_M2/GPIO3_C0_d 
*5)B*3,2�&B,208;B/>���@ �¶E��� 

PWM13_M1/SPI3_CS0_M1/SATA0_ACT_LED/UART9_R

X_M1/I2S3_SDI_M1/GPIO4_C6_d 
*5)B*3,2�&B,208;B+>����@ �¶E��� 

PWM3CH2 I/O 

PWM14_M0/VOP_PWM_M1/GMAC1_MDC_M0/UART7_T

X_M1/PDM_CLK1_M2/GPIO3_C4_d 
*5)B*3,2�&B,208;B+>���@ �¶E��� 

PWM14_M1/SPI3_CLK_M1/CAN1_RX_M1/PCIE30X2_C

LKREQn_M2/I2S3_MCLK_M1/GPIO4_C2_d 
*5)B*3,2�&B,208;B/>����@ �¶E��� 

PWM3CH3 I/O 

PWM15_IR_M0/SPDIF_TX_M1/GMAC1_MDIO_M0/UAR

T7_RX_M1/I2S1_LRCK_RX_M2/GPIO3_C5_d 
*5)B*3,2�&B,208;B+>���@ �¶E��� 

PWM15_IR_M1/SPI3_MOSI_M1/CAN1_TX_M1/PCIE30

X2_WAKEn_M2/I2S3_SCLK_M1/GPIO4_C3_d 
*5)B*3,2�&B,208;B/>�����@ �¶E��� 

1RWHV��8QXVHG�0RGXOH�3LQ�LV�WLHG�WR�]HUR��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 

15.6 Application Notes 
15.6.1 3:0�&DSWXUH�0RGH�6WDQGDUG�8VDJH�)ORZ 
���6HW�3:0B3:0[B&75/�SZPBHQ�WR�µ�¶�WR�GLVDEOH�WKH�3:0�FKDQQHO� 
���&KRRVH�WKH�SUHVFDOH�IDFWRU�DQG�WKH�VFDOH�IDFWRU�IRU�FONBSZP�E\�SURJUDPPLQJ�
3:0B3:0[B&75/�SUHVFDOH�DQG�3:0B3:0[B&75/�VFDOH��DQG�VHOHFW�WKH�FORFN�QHHGHG�E\�
VHWWLQJ�3:0B3:0[B&75/�FONBVHO�DQG�3:0B3:0[B&75/�FONBVUFBVHO� 
���&RQILJXUH�WKH�FKDQQHO�WR�ZRUN�LQ�WKH�FDSWXUH�PRGH� 
���(QDEOH�WKH�3:0B,17B(1�FK[BLQWBHQ�WR�HQDEOH�WKH�LQWHUUXSW�JHQHUDWLRQ� 
���6HW�3:0B&+$11(/B,2B&75/��filter_number, then (QDEOH�WKH�3:0B&+$11(/B,2B&75/��
CHx_input_filter_enable(Optional). 
���(QDEOH�WKH�FKDQQHO�E\�ZULWLQJ�µ�¶�WR�3:0B3:0[B&75/�SZPBHQ�ELW�WR�VWDUW�WKH�FKDQQHO� 
���:KHQ�DQ�LQWHUUXSW�LV�DVVHUWHG��UHIHU�WR�,17676�UHJLVWHU�WR�NQRZ�WKH�UDZ�LQWHUUXSW�VWDWXV��
,I�WKH�FRUUHVSRQGLQJ�SRODULW\�IODJ�LV�VHW��WXUQ�WR�3:0B3:0[B3(5,2'B+3&�UHJLVWHU�WR�NQRZ�
WKH�HIIHFWLYH�KLJK�F\FOHV�RI�LQSXW�ZDYHIRUPV��RWKHUZLVH�WXUQ�WR�3:0B3:0[B'87<B/3&�
UHJLVWHU�WR�NQRZ�WKH�HIIHFWLYH�ORZ�F\FOHV� 
���:ULWH�µ�¶�WR�3:0B3:0[B&75/�SZPBHQ�WR�GLVDEOH�WKH�FKDQQHO� 
15.6.2 3:0�&DSWXUH�'0$�0RGH�6WDQGDUG�8VDJH�)ORZ 
���6HW�3:0B3:0[B&75/�SZPBHQ�WR�µ�¶�WR�GLVDEOH�WKH�3:0�FKDQQHO� 
���&KRRVH�WKH�SUHVFDOH�IDFWRU�DQG�WKH�VFDOH�IDFWRU�IRU�FONBSZP�E\�SURJUDPPLQJ�
3:0B3:0[B&75/�SUHVFDOH�DQG�3:0B3:0[B&75/�VFDOH��DQG�VHOHFW�WKH�FORFN�QHHGHG�E\�
VHWWLQJ�3:0B3:0[B&75/�FONBVHO�DQG�3:0B3:0[B&75/�FONBVUFBVHO� 
���&RQILJXUH�WKH�FKDQQHO���WR�ZRUN�LQ�WKH�FDSWXUH�PRGH� 
���&RQILJXUH�WKH�3:0B),)2B&75/�GPDBPRGHBHQ�DQG�3:0B),)2B&75/�ILIRBPRGHBVHO�WR�
HQDEOH�WKH�'0$�PRGH��&RQILJXUH�3:0B),)2B&75/�DOPRVWBIXOOBZDWHUPDUN�DW�DSSURSULDWH�
YDOXH� 
���&RQILJXUH�'0$&B%86�WR�WUDQVIHU�GDWD�IURP�3:0�WR�''5��  
���6HW�3:0B&+$11(/B,2B&75/�filter_number, then (QDEOH�WKH�3:0B&+$11(/B,2B&75/��
CHx_input_filter_enable(Optional). 
���(QDEOH�WKH�FKDQQHO�E\�ZULWLQJ�µ�¶�WR�3:0B3:0[B&75/�SZPBHQ�ELW�WR�VWDUW�WKH�FKDQQHO� 
���:KHQ�D�GPDBUHT�LV�DVVHUWHG��'0$&B%86�WUDQVIHU�WKH�GDWD�RI�HIIHFWLYH�KLJK�F\FOHV�DQG�
ORZ�F\FOHV�RI�LQSXW�ZDYHIRUPV�WR�''5� 
���:ULWH�µ�¶�WR�3:0B3:0[B&75/�SZPBHQ�WR�GLVDEOH�WKH�FKDQQHO� 
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15.6.3 3:0�3RZHU�NH\�&DSWXUH�0RGH�6WDQGDUG�8VDJH�)ORZ 
���6HW�3:0B3:0�B&75/�SZPBHQ�WR�µ�¶�WR�GLVDEOH�WKH�3:0�FKDQQHO� 
���&KRRVH�WKH�SUHVFDOH�IDFWRU�DQG�WKH�VFDOH�IDFWRU�IRU�FONBSZP�E\�SURJUDPPLQJ�
3:0B3:0�B&75/�SUHVFDOH�DQG�3:0B3:0�B&75/�VFDOH��DQG�VHOHFW�WKH�FORFN�QHHGHG�E\�
VHWWLQJ�3:0B3:0�B&75/�FONBVHO��7KH�FORFN�VKRXOG�EH���0+]�DIWHU�GLYLVLRQ� 
���&RQILJXUH�WKH�FKDQQHO�WR�ZRUN�LQ�WKH�FDSWXUH�PRGH� 
���(QDEOH�WKH�3:0B,17B(1�&+�BLQWBSZU�WR�HQDEOH�WKH�LQWHUUXSW�JHQHUDWLRQ� 
���6HW�WKH�3:0B3:50$7&+B9$/8(�a��UHJLVWHUV�IRU�WKH����SRZHU�NH\�PDWFK�YDOXH� 
���6HW�PD[BFQW�DQG�PLQBFQW�RI�IROORZ�UHJLVWHU��3:0B3:50$7&+B/35(��
3:0B3:50$7&+B+35(��3:0B3:50$7&+B/'��3:0B3:50$7&+B+'B=(52��
3:0B3:50$7&+B+'B21(��,W�GRHVQ¶W�QHHG�WR�VHW�WKHVH�UHJLVWHUV�ZKHQ�WKH�GHIDXOW�YDOXH�
FDQ�PHHW�WKH�UHTXLUHPHQW� 
��6HW�3:0B3:50$7&+B&75/�&+�BSZUNH\BSRODULW\�IRU�WKH�SRODULW\�RI�SRZHU�NH\�VLJQDO��WKH�
GHIDXOW�YDOXH�LV����(QDEOH�WKH�3:0B3:50$7&+B&75/�&+�BSZUNH\BHQDEOH� 
���6HW�3:0B&+$11(/B,2B&75/�filter_number, then (QDEOH�WKH�3:0B&+$11(/B,2B&75/��
CH3_input_filter_enable(Optional).  
���(QDEOH�WKH�FKDQQHO�E\�ZULWLQJ�µ�¶�WR�3:0B3:0�B&75/�SZPBHQ�ELW�WR�VWDUW�WKH�FKDQQHO� 
����3ROO�,17676��&+�BSZUB,QW6WV�  ���DQG�UHIHU�WR�PWM_PWM3_PWRCAPTURE_VALUE to 
know the power key capture value. 
����:ULWH�µ�¶�WR�3:0B3:0�B&75/�SZPBHQ�WR�GLVDEOH�WKH�FKDQQHO� 
15.6.4 3:0�2QH�VKRW�0RGH�&RQWLQXRXV�6WDQGDUG�8VDJH�)ORZ 
���6HW�3:0B3:0[B&75/�SZPBHQ�WR�µ�¶�WR�GLVDEOH�WKH�3:0�FKDQQHO� 
���&KRRVH�WKH�SUHVFDOH�IDFWRU�DQG�WKH�VFDOH�IDFWRU�IRU�SFON�E\�SURJUDPPLQJ�
3:0B3:0[B&75/�SUHVFDOH�DQG�3:0B3:0[B&75/�VFDOH��DQG�VHOHFW�WKH�FORFN�QHHGHG�E\�
VHWWLQJ�3:0B3:0[B&75/�FONBVHO� 
���&KRRVH�WKH�RXWSXW�PRGH�E\�VHWWLQJ�3:0B3:0[B&75/�RXWSXWBPRGH��DQG�VHW�WKH�GXW\�
SRODULW\�DQG�LQDFWLYH�SRODULW\�E\�SURJUDPPLQJ�3:0B3:0[B&75/�GXW\BSRO�DQG�
3:0B3:0[B&75/�LQDFWLYHBSRO� 
���6HW�WKH�3:0B3:0[B&75/�USW�LI�WKH�FKDQQHO�LV�GHVLUHG�WR�ZRUN�LQ�WKH�RQH�VKRW�PRGH� 
���&RQILJXUH�WKH�FKDQQHO�WR�ZRUN�LQ�WKH�RQH�VKRW�PRGH�RU�WKH�FRQWLQXRXV�PRGH� 
���(QDEOH�WKH�3:0B,17B(1�FK[BLQWBHQ�WR�HQDEOH�WKH�LQWHUUXSW�JHQHUDWLRQ�LI�WKH�FKDQQHO�LV�
GHVLUHG�WR�ZRUN�LQ�WKH�RQH�VKRW�PRGH� 
���,I�WKH�FKDQQHO�LV�ZRUNLQJ�LQ�WKH�RQH�VKRW�PRGH��DQ�LQWHUUXSW�LV�DVVHUWHG�DIWHU�WKH�HQG�RI�
RSHUDWLRQ��DQG�WKH�3:0B3:0[B&75/�SZPBHQ�LV�DXWRPDWLFDOO\�FOHDUHG��:KDWHYHU�PRGH�WKH�
FKDQQHO�LV�ZRUNLQJ�LQ��ZULWH�µ�¶�WR�3:0B3:0[B&75/�SZPBHQ�ELW�WR�GLVDEOH�WKH�3:0�
FKDQQHO� 
15.6.5 /RZ�SRZHU�8VDJH�)ORZ 
7KH�GHIDXOW�YDOXH�RI�3:0B3:0[B&75/�IRUFHBFONBHQ�LV�µ�¶�ZKLFK�PDNH�WKH�FKDQQHO�HQWHU�WKH�
ORZ�SRZHU�PRGH��,Q�ORZ�SRZHU�PRGH��:KHQ�WKH�3:0�FKDQQHO�LV�LQDFWLYH��WKH�FONBSZP�WR�
WKH�FORFN�SUHVFDOH�PRGXOH�LV�JDWHG�LQ�RUGHU�WR�UHGXFH�WKH�SRZHU�FRQVXPSWLRQ��8VHU�FDQ�VHW�
3:0B3:0[B&75/�IRUFHBFONBHQ�WR�µ�¶�ZKLFK�ZLOO�PDNH�WKH�FKDQQHO�TXLW�WKH�ORZ�SRZHU�PRGH��
$IWHU�WKH�VHWWLQJ��WKH�FONBSZP�WR�WKH�FORFN�SUHVFDOH�PRGXOH�LV�DOZD\V�HQDEOH�� �  
15.6.6 2WKHU�QRWHV 
:KHQ�WKH�FKDQQHO�LV�DFWLYH�WR�SURGXFH�ZDYHIRUPV��LW�LV�IUHH�WR�SURJUDP�WKH�
3:0B3:0[B3(5,2'B+3&�DQG�3:0B3:0[B'87<B/3&�UHJLVWHU��8VHU�FDQ�XVH�
3:0B3:0[B&75/�FRQORFN�WR�WDNH�SHULRG�DQG�GXW\�HIIHFW�DW�WKH�VDPH�WLPH��7KH�XVDJH�IORZ�
LV�DV�IROORZ� 
���6HW�3:0B3:0[B&75/�FRQORFN�WR�µ�¶� 
���6HW�3:0B3:0[B3(5,2'B+3&�DQG�3:0B3:0[B'87<B/3&� 
���6HW�3:0B3:0[B&75/�FRQORFN�WR�µ�¶��RWKHUV�ELWV�LQ�3:0B3:0[B&75/�VKRXOG�EH�
DSSURSULDWH� 
$IWHU�DERYH�FRQILJXUDWLRQ��WKH�FKDQJH�ZLOO�QRW�WDNH�HIIHFW�LPPHGLDWHO\�XQWLO�WKH�FXUUHQW�
SHULRG�HQGV� 
$Q�DFWLYH�FKDQQHO�FDQ�EH�FKDQJHG�WR�DQRWKHU�RSHUDWLRQ�PRGH�ZLWKRXW�GLVDEOH�WKH�3:0�
FKDQQHO��+RZHYHU��GXULQJ�WKH�WUDQVLWLRQ�RI�WKH�RSHUDWLRQ�PRGH�WKHUH�PD\�EH�VRPH�LUUHJXODU�
RXWSXW�ZDYHIRUPV��6R�GRHV�FKDQJLQJ�WKH�FORFN�GLYLVLRQ�IDFWRU�ZKHQ�WKH�FKDQQHO�LV�DFWLYH� 
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Chapter 16 GPIO 
16  

16.1 Overview 
*3,2�LV�D�SURJUDPPDEOH�*HQHUDO�3XUSRVH�3URJUDPPLQJ�,�2�SHULSKHUDO��7KLV�FRPSRQHQW�LV�DQ�
$3%�VODYH�GHYLFH��*3,2�FRQWUROV�WKH�RXWSXW�GDWD�DQG�GLUHFWLRQ�RI�H[WHUQDO�,�2�SDGV��,W�FDQ�
DOVR�UHDG�EDFN�WKH�GDWD�RQ�H[WHUQDO�SDGV�XVLQJ�PHPRU\�PDSSHG�UHJLVWHUV� 
*3,2�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z ���ELWV�$3%�GDWD�EXV�ZLGWK 
z 8S�WR����LQGHSHQGHQWO\�FRQILJXUDEOH�VLJQDOV 
z 6RIWZDUH�FRQWURO�UHJLVWHUV�ZLWK�ZULWH�PDVN�IRU�HDFK�ELW�RI�HDFK�VLJQDO 
z &RQILJXUDEOH�GHERXQFH�ORJLF�ZLWK�D�VORZ�FORFN�WR�GHERXQFH�LQWHUUXSWV 
z &RQILJXUDEOH�LQWHUUXSW�PRGH 

16.2 Block Diagram 

GPIO

APB 
Interface

I/O
Port

Interface

Interrupt
Detection

APB

Interrupt Request

External Data
xpins

 
Fig. 16-1 GPIO Block Diagram 

*3,2�LV�FRPSULVHG�RI� 
z $3%�,QWHUIDFH 
7KH�$3%�,QWHUIDFH�LPSOHPHQWV�WKH�$3%�VODYH�RSHUDWLRQ��,WV�GDWD�EXV�ZLGWK�LV����ELWV� 
z ,�2�3RUW�,QWHUIDFH 
([WHUQDO�GDWD�LQWHUIDFH�WR�RU�IURP�,�2�SDGV� 
z ,QWHUUXSW�'HWHFWLRQ 
Interrupt interface to or from interrupt controller. 

16.3 Function Description 
16.3.1 'DWD�&RQWURO 
8QGHU�VRIWZDUH�FRQWURO��WKH�GDWD�DQG�GLUHFWLRQ�FRQWURO�IRU�WKH�VLJQDO�DUH�VRXUFHG�IURP�WKH�
SRUW�GDWD�UHJLVWHUV��*3,2B6:3257B'5B/�*3,2B6:3257B'5B+��DQG�GLUHFWLRQ�FRQWURO�
UHJLVWHUV��*3,2B6:3257B''5B/�*3,2B6:3257B'55B+�� 
7KH�GLUHFWLRQ�RI�WKH�H[WHUQDO�,�2�SDG�LV�FRQWUROOHG�E\�WKH�YDOXH�RI�WKH�SRUW�GDWD�GLUHFWLRQ�
UHJLVWHUV��7KH�GDWD�ZULWWHQ�WR�WKHVH�PHPRU\�PDSSHG�UHJLVWHUV�JHWV�PDSSHG�RQWR�DQ�RXWSXW�
VLJQDO��JSLRBSRUWBGGU��RI�WKH�*3,2�SHULSKHUDO��7KLV�RXWSXW�VLJQDO�FRQWUROV�WKH�GLUHFWLRQ�RI�DQ�
H[WHUQDO�,�2�SDG��7KH�GHIDXOW�GDWD�GLUHFWLRQ�LV�,QSXW� 
7KH�GDWD�ZULWWHQ�WR�WKH�SRUW�GDWD�UHJLVWHUV�GULYHV�WKH�RXWSXW�EXIIHU��JSLRBSRUWBGU��RI�WKH�,�2�
SDG� 
([WHUQDO�GDWD�DUH�LQSXW�RQ�WKH�H[WHUQDO�GDWD�VLJQDO��JSLRBH[WBSRUW���5HDGLQJ�WKH�H[WHUQDO�
VLJQDO�UHJLVWHU��*3,2B(;7B3257��VKRZV�WKH�YDOXH�RI�WKLV�VLJQDO��UHJDUGOHVV�RI�WKH�GLUHFWLRQ��
7KLV�UHJLVWHU�LV�UHDG�RQO\��PHDQLQJ�WKDW�LW�FDQQRW�EH�ZULWWHQ�IURP�WKH�$3%�VRIWZDUH�LQWHUIDFH� 
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16.3.2 ,QWHUUXSWV 
,�2�SRUW�FDQ�EH�SURJUDPPHG�WR�DFFHSW�H[WHUQDO�VLJQDOV�DV�LQWHUUXSW�VRXUFHV�RQ�DQ\�RI�WKH�
ELWV�RI�WKH�VLJQDO��7KH�W\SH�RI�LQWHUUXSW�LV�SURJUDPPDEOH�ZLWK�RQH�RI�WKH�IROORZLQJ�VHWWLQJV� 
z $FWLYH�KLJK�DQG�OHYHO 
z $FWLYH�ORZ�DQG�OHYHO 
z 5LVLQJ�HGJH 
z )DOOLQJ�HGJH 
z %RWK�WKH�ULVLQJ�HGJH�DQG�WKH�IDOOLQJ�HGJH 
7KH�LQWHUUXSWV�FDQ�EH�PDVNHG�E\�SURJUDPPLQJ�WKH�*3,2B,17B0$6.B/�*3,2B,17B0$6.B+�
UHJLVWHUV��7KH�LQWHUUXSW�VWDWXV�FDQ�EH�UHDG�EHIRUH�PDVNLQJ��*3,2B,17B5$:67$786��DQG�
DIWHU�PDVNLQJ��*3,2B,17B67$786�� 
)RU�HGJH�VHQVLWLYH�LQWHUUXSWV��WKH�,QWHUUXSW�6HUYLFH�5RXWLQH��,65��FDQ�FOHDU�WKH�LQWHUUXSW�E\�
ZULWLQJ�D���WR�WKH�FRUUHVSRQGLQJ�ELW�RI�WKH�*3,2B3257B(2,B/�*3,2B3257B(2,B+�UHJLVWHUV��
7KLV�ZULWH�RSHUDWLRQ�DOVR�FOHDUV�WKH�LQWHUUXSW�VWDWXV�DQG�UDZ�VWDWXV�UHJLVWHUV��:ULWLQJ�WR�WKH�
LQWHUUXSW�FOHDU�UHJLVWHUV�KDV�QR�HIIHFW�RQ�OHYHO�VHQVLWLYH�LQWHUUXSWV��,I�OHYHO�VHQVLWLYH�
LQWHUUXSWV�FDXVH�WKH�SURFHVVRU�WR�LQWHUUXSW��WKHQ�WKH�,65�FDQ�SROO�WKH�LQWHUUXSW�UDZ�VWDWXV�
UHJLVWHU�XQWLO�WKH�LQWHUUXSW�VRXUFH�GLVDSSHDUV��RU�LW�FDQ�ZULWH�WR�WKH�LQWHUUXSW�PDVN�UHJLVWHU�
WR�PDVN�WKH�LQWHUUXSW�EHIRUH�H[LWLQJ�WKH�,65��,I�WKH�,65�H[LWV�ZLWKRXW�PDVNLQJ�RU�GLVDEOLQJ�
WKH�LQWHUUXSW�SULRU�WR�H[LWLQJ��WKHQ�WKH�OHYHO�VHQVLWLYH�LQWHUUXSW�UHSHDWHGO\�UHTXHVWV�DQ�
LQWHUUXSW�XQWLO�WKH�LQWHUUXSW�LV�FOHDUHG�DW�WKH�VRXUFH� 
7KH�LQWHUUXSWV�DUH�FRPELQHG�LQWR�DQ�DFWLYH�KLJK�LQWHUUXSW�RXWSXW�VLJQDO��,Q�RUGHU�WR�PDVN�WKH�
FRPELQHG�LQWHUUXSW��DOO�LQGLYLGXDO�LQWHUUXSWV�KDYH�WR�EH�PDVNHG��7KH�VLQJOH�FRPELQHG�
LQWHUUXSW�GRHV�QRW�KDYH�LWV�RZQ�PDVN�ELW� 
:KHQHYHU�,�2�SRUW�LV�FRQILJXUHG�IRU�LQWHUUXSWV��WKH�GDWD�GLUHFWLRQ�PXVW�EH�VHW�WR�,QSXW��,I�
WKH�GDWD�GLUHFWLRQ�LV�UHSURJUDPPHG�WR�2XWSXW��WKHQ�DQ\�SHQGLQJ�HGJH�VHQVLWLYH�LQWHUUXSWV�
DUH�QRW�ORVW��+RZHYHU��QR�QHZ�LQWHUUXSWV�DUH�JHQHUDWHG��DQG�OHYHO�VHQVLWLYH�LQWHUUXSWV�DUH�
ORVW� 
,QWHUUXSW�VLJQDOV�DUH�LQWHUQDOO\�V\QFKURQL]HG�WR�D�V\VWHP�FORFN�SFONBLQWU��ZKLFK�LV�FRQQHFWHG�
WR�WKH�$3%�EXV�FORFN�SFON��7KHUHIRUH��WKH�SFON�QHHGV�WR�EH�UXQQLQJ�IRU�LQWHUUXSW�GHWHFWLRQ� 
16.3.3 'HERXQFH�2SHUDWLRQ 
7KH�H[WHUQDO�VLJQDO�FDQ�EH�GHERXQFHG�WR�UHPRYH�DQ\�VSXULRXV�JOLWFKHV�WKDW�DUH�OHVV�WKDQ�RQH�
SHULRG�RI�WKH�H[WHUQDO�GHERXQFLQJ�FORFN� 
:KHQ�DQ�LQSXW�LQWHUUXSW�VLJQDO�LV�GHERXQFHG�XVLQJ�D�VORZ�GHERXQFH�FORFN��H[WHUQDO�LQSXW�
FORFN�GEFON�RU�LQWHUQDO�GLYLGHG�FORFN�GEFONBGLY���WKH�VLJQDO�PXVW�EH�DFWLYH�IRU�D�PLQLPXP�RI�
WZR�F\FOHV�RI�WKH�GHERXQFH�FORFN�WR�JXDUDQWHH�WKDW�LW�LV�UHJLVWHUHG��$Q\�LQSXW�SXOVH�ZLGWKV�
OHVV�WKDQ�D�GHERXQFH�FORFN�SHULRG�DUH�ERXQFHG��$�SXOVH�ZLGWK�EHWZHHQ�RQH�DQG�WZR�
GHERXQFH�FORFN�ZLGWKV�PD\�RU�PD\�QRW�SURSDJDWH��GHSHQGLQJ�RQ�LWV�SKDVH�UHODWLRQVKLS�WR�
WKH�GHERXQFH�FORFN��,I�WKH�LQSXW�SXOVH�VSDQV�WZR�ULVLQJ�HGJHV�RI�WKH�GHERXQFH�FORFN��LW�LV�
UHJLVWHUHG��,I�LW�VSDQV�RQO\�RQH�ULVLQJ�HGJH��LW�LV�QRW�UHJLVWHUHG� 
7KH�GHERXQFH�IXQFWLRQ�FDQ�EH�FRQWUROOHG�E\�SURJUDPPLQJ�WKH�GHERXQFH�HQDEOH�UHJLVWHUV�
�*3,2B'(%281&(B/�*3,2B'(%281&(B+���GHERXQFH�FORFN�GLYLGH�HQDEOH�UHJLVWHUV�
�*3,2B'%&/.B',9B(1B/�*3,2B'%&/.B',9B(1B+��DQG�GHERXQFH�FORFN�GLYLGH�FRQWURO�
UHJLVWHU��*3,2B'%&/.B',9B&21�� 

16.4 Register Description 
7KLV�VHFWLRQ�GHVFULEHV�WKH�FRQWURO�VWDWXV�UHJLVWHUV�RI�WKH�GHVLJQ��6RIWZDUH�VKRXOG�UHDG�DQG�
ZULWH�WKHVH�UHJLVWHUV�XVLQJ����ELWV�DFFHVVHV��7KHUH�DUH�ILYH�*3,2V��*3,2��LQ�3'B308��
*3,2��*3,2��*3,2��*3,2��LQ�3'B%86���DQG�HDFK�RI�WKHP�KDV�VDPH�UHJLVWHU�JURXS��
7KHUHIRUH��ILYH�*3,2V¶�UHJLVWHU�JURXSV�KDYH�ILYH�GLIIHUHQW�EDVH�DGGUHVVHV� 
16.4.1 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*3,2B6:3257B'5B/ �[���� : �[�������� 3RUW�'DWD�5HJLVWHU��/RZ� 
*3,2B6:3257B'5B+ �[���� : �[�������� 3RUW�'DWD�5HJLVWHU��+LJK� 
*3,2B6:3257B''5B/ �[���� : �[�������� 3RUW�'DWD�'LUHFWLRQ�5HJLVWHU��/RZ� 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

*3,2B6:3257B''5B+ �[���& : �[�������� 3RUW�'DWD�'LUHFWLRQ�5HJLVWHU��+LJK� 
*3,2B,17B(1B/ �[���� : �[�������� ,QWHUUXSW�(QDEOH�5HJLVWHU��/RZ� 
*3,2B,17B(1B+ �[���� : �[�������� ,QWHUUXSW�(QDEOH�5HJLVWHU��+LJK� 
*3,2B,17B0$6.B/ �[���� : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU��/RZ� 
*3,2B,17B0$6.B+ �[���& : �[�������� ,QWHUUXSW�0DVN�5HJLVWHU��+LJK� 
*3,2B,17B7<3(B/ �[���� : �[�������� ,QWHUUXSW�/HYHO�5HJLVWHU��/RZ� 
*3,2B,17B7<3(B+ �[���� : �[�������� ,QWHUUXSW�/HYHO�5HJLVWHU��+LJK� 
*3,2B,17B32/$5,7<B/ �[���� : �[�������� ,QWHUUXSW�3RODULW\�5HJLVWHU��/RZ� 
*3,2B,17B32/$5,7<B+ �[���& : �[�������� ,QWHUUXSW�3RODULW\�5HJLVWHU��+LJK� 
*3,2B,17B%27+('*(B/ �[���� : �[�������� ,QWHUUXSW�%RWK�(GJH�7\SH�5HJLVWHU��/RZ� 
*3,2B,17B%27+('*(B+ �[���� : �[�������� ,QWHUUXSW�%RWK�(GJH�7\SH�5HJLVWHU��+LJK� 
*3,2B'(%281&(B/ �[���� : �[�������� 'HERXQFH�(QDEOH�5HJLVWHU��/RZ� 
*3,2B'(%281&(B+ �[���& : �[�������� 'HERXQFH�(QDEOH�5HJLVWHU��+LJK� 
*3,2B'%&/.B',9B(1B/ �[���� : �[�������� '%&/.�'LYLGH�(QDEOH�5HJLVWHU��/RZ� 
*3,2B'%&/.B',9B(1B+ �[���� : �[�������� '%&/.�'LYLGH�(QDEOH�5HJLVWHU��+LJK� 
*3,2B'%&/.B',9B&21 �[���� : �[�������� '%&/.�'LYLGH�&RQWURO�5HJLVWHU 
*3,2B,17B67$786 �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU 
*3,2B,17B5$:67$786 �[���� : �[�������� ,QWHUUXSW�5DZ�6WDWXV�5HJLVWHU 
*3,2B3257B(2,B/ �[���� : �[�������� ,QWHUUXSW�&OHDU�5HJLVWHU��/RZ� 
*3,2B3257B(2,B+ �[���� : �[�������� ,QWHUUXSW�&OHDU�5HJLVWHU��+LJK� 
*3,2B(;7B3257 �[���� : �[�������� ([WHUQDO�3RUW�'DWD�5HJLVWHU 
*3,2B9(5B,' �[���� : �[�������& 9HUVLRQ�,'�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
16.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
*3,2B6:3257B'5B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

VZSRUWBGUBORZ 
2XWSXW�GDWD�IRU�WKH�ORZHU����ELWV�RI�,�2�3RUW��HDFK�ELW�LV�
LQGLYLGXDO� 
�
E���/RZ 
�
E���+LJK 
9DOXHV�ZULWWHQ�WR�WKLV�UHJLVWHU�DUH�RXWSXW�RQ�WKH�,�2�VLJQDOV�IRU�
WKH�ORZHU����ELWV�RI�,�2�3RUW�LI�WKH�FRUUHVSRQGLQJ�GDWD�GLUHFWLRQ�
ELWV�IRU�,�2�3RUW�DUH�VHW�WR�2XWSXW�PRGH��7KH�YDOXH�UHDG�EDFN�LV�
HTXDO�WR�WKH�ODVW�YDOXH�ZULWWHQ�WR�WKLV�UHJLVWHU� 

 
*3,2B6:3257B'5B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

VZSRUWBGUBKLJK 
2XWSXW�GDWD�IRU�WKH�XSSHU����ELWV�RI�,�2�3RUW��HDFK�ELW�LV�
LQGLYLGXDO� 
�
E���/RZ 
�
E���+LJK 
9DOXHV�ZULWWHQ�WR�WKLV�UHJLVWHU�DUH�RXWSXW�RQ�WKH�,�2�VLJQDOV�IRU�
WKH�XSSHU����ELWV�RI�,�2�3RUW�LI�WKH�FRUUHVSRQGLQJ�GDWD�GLUHFWLRQ�
ELWV�IRU�,�2�3RUW�DUH�VHW�WR�2XWSXW�PRGH��7KH�YDOXH�UHDG�EDFN�LV�
HTXDO�WR�WKH�ODVW�YDOXH�ZULWWHQ�WR�WKLV�UHJLVWHU� 

 
*3,2B6:3257B''5B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

VZSRUWBGGUBORZ 
'DWD�GLUHFWLRQ�IRU�WKH�ORZHU����ELWV�RI�,�2�3RUW��HDFK�ELW�LV�
LQGLYLGXDO� 
�
E���,QSXW 
�
E���2XWSXW 
9DOXHV�ZULWWHQ�WR�WKLV�UHJLVWHU�LQGHSHQGHQWO\�FRQWURO�WKH�GLUHFWLRQ�
RI�WKH�FRUUHVSRQGLQJ�GDWD�ELW�LQ�WKH�ORZHU����ELWV�RI�,�2�3RUW� 

 
*3,2B6:3257B''5B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

VZSRUWBGGUBKLJK 
'DWD�GLUHFWLRQ�IRU�WKH�XSSHU����ELWV�RI�,�2�3RUW��HDFK�ELW�LV�
LQGLYLGXDO� 
�
E���,QSXW 
�
E���2XWSXW 
9DOXHV�ZULWWHQ�WR�WKLV�UHJLVWHU�LQGHSHQGHQWO\�FRQWURO�WKH�GLUHFWLRQ�
RI�WKH�FRUUHVSRQGLQJ�GDWD�ELW�LQ�WKH�XSSHU����ELWV�RI�,�2�3RUW� 

 
*3,2B,17B(1B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

LQWBHQBORZ 
$OORZV�HDFK�ELW�RI�WKH�ORZHU����ELWV�RI�,�2�3RUW�WR�EH�FRQILJXUHG�
IRU�LQWHUUXSWV� 
�
E���,QWHUUXSW�LV�GLVDEOHG 
�
E���,QWHUUXSW�LV�HQDEOHG 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
FRUUHVSRQGLQJ�ELW�RQ�,�2�3RUW�WR�EHFRPH�DQ�LQWHUUXSW�VRXUFH��
RWKHUZLVH��,�2�3RUW�RSHUDWHV�DV�D�QRUPDO�*3,2�VLJQDO��,QWHUUXSWV�
DUH�GLVDEOHG�RQ�WKH�FRUUHVSRQGLQJ�ELWV�RI�,�2�3RUW�LI�WKH�
FRUUHVSRQGLQJ�GDWD�GLUHFWLRQ�UHJLVWHU�LV�VHW�WR�2XWSXW� 

 
*3,2B,17B(1B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBHQBKLJK 
$OORZV�HDFK�ELW�RI�WKH�XSSHU����ELWV�RI�,�2�3RUW�WR�EH�FRQILJXUHG�
IRU�LQWHUUXSWV� 
�
E���,QWHUUXSW�LV�GLVDEOHG 
�
E���,QWHUUXSW�LV�HQDEOHG 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
FRUUHVSRQGLQJ�ELW�RQ�,�2�3RUW�WR�EHFRPH�DQ�LQWHUUXSW�VRXUFH��
RWKHUZLVH��,�2�3RUW�RSHUDWHV�DV�D�QRUPDO�*3,2�VLJQDO��,QWHUUXSWV�
DUH�GLVDEOHG�RQ�WKH�FRUUHVSRQGLQJ�ELWV�RI�,�2�3RUW�LI�WKH�
FRUUHVSRQGLQJ�GDWD�GLUHFWLRQ�UHJLVWHU�LV�VHW�WR�2XWSXW� 

 
*3,2B,17B0$6.B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBPDVNBORZ 
&RQWUROV�ZKHWKHU�DQ�LQWHUUXSW�RQ�WKH�ORZHU����ELWV�RI�,�2�3RUW�FDQ�
FUHDWH�DQ�LQWHUUXSW�IRU�WKH�LQWHUUXSW�FRQWUROOHU�E\�QRW�PDVNLQJ�LW� 
�
E���,QWHUUXSW�LV�XQPDVNHG 
�
E���,QWHUUXSW�LV�PDVNHG 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�LQ�WKLV�UHJLVWHU��LW�PDVNV�WKH�
LQWHUUXSW�JHQHUDWLRQ�FDSDELOLW\�IRU�WKLV�VLJQDO��RWKHUZLVH�
LQWHUUXSWV�DUH�DOORZHG�WKURXJK� 

 
*3,2B,17B0$6.B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

LQWBPDVNBKLJK 
&RQWUROV�ZKHWKHU�DQ�LQWHUUXSW�RQ�WKH�XSSHU����ELWV�RI�,�2�3RUW�FDQ�
FUHDWH�DQ�LQWHUUXSW�IRU�WKH�LQWHUUXSW�FRQWUROOHU�E\�QRW�PDVNLQJ�LW� 
�
E���,QWHUUXSW�LV�XQPDVNHG 
�
E���,QWHUUXSW�LV�PDVNHG 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�LQ�WKLV�UHJLVWHU��LW�PDVNV�WKH�
LQWHUUXSW�JHQHUDWLRQ�FDSDELOLW\�IRU�WKLV�VLJQDO��RWKHUZLVH�
LQWHUUXSWV�DUH�DOORZHG�WKURXJK� 

 
*3,2B,17B7<3(B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBW\SHBORZ 
&RQWUROV�WKH�W\SH�RI�LQWHUUXSW�WKDW�FDQ�RFFXU�RQ�WKH�ORZHU����ELWV�
RI�,�2�3RUW� 
�
E���/HYHO�VHQVLWLYH 
�
E���(GJH�VHQVLWLYH 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
LQWHUUXSW�W\SH�WR�EH�HGJH�VHQVLWLYH��RWKHUZLVH��LW�LV�OHYHO�
VHQVLWLYH� 

 
*3,2B,17B7<3(B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBW\SHBKLJK 
&RQWUROV�WKH�W\SH�RI�LQWHUUXSW�WKDW�FDQ�RFFXU�RQ�WKH�XSSHU����ELWV�
RI�,�2�3RUW� 
�
E���/HYHO�VHQVLWLYH 
�
E���(GJH�VHQVLWLYH 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
LQWHUUXSW�W\SH�WR�EH�HGJH�VHQVLWLYH��RWKHUZLVH��LW�LV�OHYHO�
VHQVLWLYH� 

 
*3,2B,17B32/$5,7<B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

LQWBSRODULW\BORZ 
&RQWUROV�WKH�SRODULW\�RI�HGJH�RU�OHYHO�VHQVLWLYLW\�WKDW�FDQ�RFFXU�RQ�
WKH�ORZHU����ELWV�RI�,�2�3RUW� 
�
E���$FWLYH�ORZ 
�
E���$FWLYH�KLJK 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
LQWHUUXSW�W\SH�WR�ULVLQJ�HGJH�RU�DFWLYH�KLJK�VHQVLWLYH��RWKHUZLVH��
LW�LV�IDOOLQJ�HGJH�RU�DFWLYH�ORZ�VHQVLWLYH� 

 
*3,2B,17B32/$5,7<B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBSRODULW\BKLJK 
&RQWUROV�WKH�SRODULW\�RI�HGJH�RU�OHYHO�VHQVLWLYLW\�WKDW�FDQ�RFFXU�RQ�
WKH�XSSHU����ELWV�RI�,�2�3RUW� 
�
E���$FWLYH�ORZ 
�
E���$FWLYH�KLJK 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��LW�FRQILJXUHV�WKH�
LQWHUUXSW�W\SH�WR�ULVLQJ�HGJH�RU�DFWLYH�KLJK�VHQVLWLYH��RWKHUZLVH��
LW�LV�IDOOLQJ�HGJH�RU�DFWLYH�ORZ�VHQVLWLYH� 

 
*3,2B,17B%27+('*(B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

LQWBERWKHGJHBORZ 
&RQWUROV�WKH�HGJH�W\SH�RI�LQWHUUXSW�WKDW�FDQ�RFFXU�RQ�WKH�ORZHU����
ELWV�RI�,�2�3RUW� 
�
E���'LVDEOH�ERWK�HGJH�GHWHFWLRQ 
�
E���(QDEOH�ERWK�HGJH�GHWHFWLRQ 
:KHQHYHU�D�SDUWLFXODU�ELW�LV�SURJUDPPHG�WR����LW�HQDEOHV�WKH�
JHQHUDWLRQ�RI�LQWHUUXSWV�RQ�ERWK�WKH�ULVLQJ�HGJH�DQG�WKH�IDOOLQJ�
HGJH�RI�DQ�H[WHUQDO�LQSXW�VLJQDO�FRUUHVSRQGLQJ�WR�WKDW�ELW�RQ�,�2�
3RUW��7KH�YDOXHV�SURJUDPPHG�LQ�WKH�UHJLVWHUV�LQWBW\SHBORZ�DQG�
LQWBSRODULW\BORZ�IRU�WKLV�SDUWLFXODU�ELW�DUH�QRW�FRQVLGHUHG�ZKHQ�
WKH�FRUUHVSRQGLQJ�ELW�RI�WKLV�UHJLVWHU�LV�VHW�WR����:KHQHYHU�D�
SDUWLFXODU�ELW�LV�SURJUDPPHG�WR����WKH�LQWHUUXSW�W\SH�GHSHQGV�RQ�
WKH�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ELWV�LQ�WKH�LQWBW\SHBORZ�DQG�
LQWBSRODULW\BORZ�UHJLVWHUV� 

 
*3,2B,17B%27+('*(B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[���� 

LQWBERWKHGJHBKLJK 
&RQWUROV�WKH�HGJH�W\SH�RI�LQWHUUXSW�WKDW�FDQ�RFFXU�RQ�WKH�XSSHU�
���ELWV�RI�,�2�3RUW� 
�
E���'LVDEOH�ERWK�HGJH�GHWHFWLRQ 
�
E���(QDEOH�ERWK�HGJH�GHWHFWLRQ 
:KHQHYHU�D�SDUWLFXODU�ELW�LV�SURJUDPPHG�WR����LW�HQDEOHV�WKH�
JHQHUDWLRQ�RI�LQWHUUXSWV�RQ�ERWK�WKH�ULVLQJ�HGJH�DQG�WKH�IDOOLQJ�
HGJH�RI�DQ�H[WHUQDO�LQSXW�VLJQDO�FRUUHVSRQGLQJ�WR�WKDW�ELW�RQ�,�2�
3RUW��7KH�YDOXHV�SURJUDPPHG�LQ�WKH�UHJLVWHUV�LQWBW\SHBKLJK�DQG�
LQWBSRODULW\BKLJK�IRU�WKLV�SDUWLFXODU�ELW�DUH�QRW�FRQVLGHUHG�ZKHQ�
WKH�FRUUHVSRQGLQJ�ELW�RI�WKLV�UHJLVWHU�LV�VHW�WR����:KHQHYHU�D�
SDUWLFXODU�ELW�LV�SURJUDPPHG�WR����WKH�LQWHUUXSW�W\SH�GHSHQGV�RQ�
WKH�YDOXH�RI�WKH�FRUUHVSRQGLQJ�ELWV�LQ�WKH�LQWBW\SHBKLJK�DQG�
LQWBSRODULW\BKLJK�UHJLVWHUV� 

 
*3,2B'(%281&(B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

GHERXQFHBORZ 
&RQWUROV�ZKHWKHU�DQ�H[WHUQDO�VLJQDO�RI�WKH�ORZHU����ELWV�RI�,�2�
3RUW�WKDW�LV�WKH�VRXUFH�RI�DQ�LQWHUUXSW�QHHGV�WR�EH�GHERXQFHG�WR�
UHPRYH�DQ\�VSXULRXV�JOLWFKHV� 
�
E���'LVDEOH�GHERXQFH 
�
E���(QDEOH�GHERXQFH 
:ULWLQJ�D���WR�D�ELW�LQ�WKLV�UHJLVWHU�HQDEOHV�WKH�GHERXQFLQJ�
FLUFXLWU\��$�VLJQDO�PXVW�EH�YDOLG�IRU�WZR�SHULRGV�RI�DQ�H[WHUQDO�
FORFN�EHIRUH�LW�LV�LQWHUQDOO\�SURFHVVHG� 

 
*3,2B'(%281&(B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

GHERXQFHBKLJK 
&RQWUROV�ZKHWKHU�DQ�H[WHUQDO�VLJQDO�RI�WKH�ORZHU����ELWV�RI�,�2�
3RUW�WKDW�LV�WKH�VRXUFH�RI�DQ�LQWHUUXSW�QHHGV�WR�EH�GHERXQFHG�WR�
UHPRYH�DQ\�VSXULRXV�JOLWFKHV� 
�
E���'LVDEOH�GHERXQFH 
�
E���(QDEOH�GHERXQFH 
:ULWLQJ�D���WR�D�ELW�LQ�WKLV�UHJLVWHU�HQDEOHV�WKH�GHERXQFLQJ�
FLUFXLWU\��$�VLJQDO�PXVW�EH�YDOLG�IRU�WZR�SHULRGV�RI�DQ�H[WHUQDO�
FORFN�EHIRUH�LW�LV�LQWHUQDOO\�SURFHVVHG� 

 
*3,2B'%&/.B',9B(1B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

GEFONBGLYBHQBORZ 
&RQWUROV�ZKHWKHU�WR�XVH�WKH�LQWHUQDO�GLYLGHG�FORFN�ZKHQ�GHERXQFH�
IXQFWLRQ�LV�HQDEOHG�IRU�DQ�H[WHUQDO�VLJQDO�RI�WKH�ORZHU����ELWV�RI�
,�2�3RUW� 
�
E���'LVDEOH�GLYLGHU�IRU�GHERXQFH�FORFN 
�
E���(QDEOH�GLYLGHU�IRU�GHERXQFH�FORFN 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��WKH�FORFN�GLYLGHG�
IURP�GEFON�LV�XVHG�DV�GHERXQFH�FORFN��RWKHUZLVH��WKH�RULJLQDO�
GEFON�LV�XVHG��7KH�FORFN�GLYLGH�IDFWRU�GHSHQGV�RQ�WKH�UHJLVWHU�
GEFONBGLYBFRQ��7KH�YDOXHV�SURJUDPPHG�LQ�WKLV�UHJLVWHU�IRU�WKLV�
SDUWLFXODU�ELW�DUH�QRW�FRQVLGHUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�ELW�RI�
WKH�UHJLVWHU�GHERXQFHBORZ�LV�VHW�WR��� 

 
*3,2B'%&/.B',9B(1B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5: �[���� 

GEFONBGLYBHQBKLJK 
&RQWUROV�ZKHWKHU�WR�XVH�WKH�LQWHUQDO�GLYLGHG�FORFN�ZKHQ�GHERXQFH�
IXQFWLRQ�LV�HQDEOHG�IRU�DQ�H[WHUQDO�VLJQDO�RI�WKH�XSSHU����ELWV�RI�
,�2�3RUW� 
�
E���'LVDEOH�GLYLGHU�IRU�GHERXQFH�FORFN 
�
E���(QDEOH�GLYLGHU�IRU�GHERXQFH�FORFN 
:KHQHYHU�D���LV�ZULWWHQ�WR�D�ELW�RI�WKLV�UHJLVWHU��WKH�FORFN�GLYLGHG�
IURP�GEFON�LV�XVHG�DV�GHERXQFH�FORFN��RWKHUZLVH��WKH�RULJLQDO�
GEFON�LV�XVHG��7KH�FORFN�GLYLGH�IDFWRU�GHSHQGV�RQ�WKH�UHJLVWHU�
GEFONBGLYBFRQ��7KH�YDOXHV�SURJUDPPHG�LQ�WKLV�UHJLVWHU�IRU�WKLV�
SDUWLFXODU�ELW�DUH�QRW�FRQVLGHUHG�ZKHQ�WKH�FRUUHVSRQGLQJ�ELW�RI�
WKH�UHJLVWHU�GHERXQFHBKLJK�LV�VHW�WR��� 

 
*3,2B'%&/.B',9B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 
���� 5: �[������ GEFONBGLYBFRQ 

GEFONBGLY� �GEFON����GEFONBGLYBFRQ����� 
 
*3,2B,17B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� LQWBVWDWXV ,QWHUUXSW�VWDWXV�RI�,�2�3RUW� 
 
*3,2B,17B5$:67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� LQWBUDZVWDWXV ,QWHUUXSW�UDZ�VWDWXV�RI�,�2�3RUW��SUHPDVNLQJ�ELWV�� 
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*3,2B3257B(2,B/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5�:6& �[���� 

SRUWBHRLBORZ 
&RQWUROV�WKH�FOHDULQJ�RI�HGJH�W\SH�LQWHUUXSWV�IURP�WKH�ORZHU����
ELWV�RI�,�2�3RUW� 
�
E���1RWKLQJ 
�
E���&OHDU�HGJH�VHQVLWLYH�LQWHUUXSW 
:KHQ�D���LV�ZULWWHQ�LQWR�D�FRUUHVSRQGLQJ�ELW�RI�WKLV�UHJLVWHU��WKH�
LQWHUUXSW�LV�FOHDUHG�DQG�WKH�ELW�LV�VHOI�FOHDUHG�DW�RQFH��:ULWLQJ�WR�
WKLV�UHJLVWHU�KDV�QR�HIIHFW�RQ�OHYHO�VHQVLWLYH�LQWHUUXSWV��$OO�
LQWHUUXSWV�DUH�FOHDUHG�ZKHQ�,�2�3RUW�LV�QRW�FRQILJXUHG�IRU�
LQWHUUXSWV� 

 
*3,2B3257B(2,B+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[���� 
ZULWHBPDVN 
:ULWH�HQDEOH�IRU�ORZHU����ELWV��HDFK�ELW�LV�LQGLYLGXDO� 
�
E���:ULWH�DFFHVV�GLVDEOH 
�
E���:ULWH�DFFHVV�HQDEOH 

���� 5�:6& �[���� 

SRUWBHRLBKLJK 
&RQWUROV�WKH�FOHDULQJ�RI�HGJH�W\SH�LQWHUUXSWV�IURP�WKH�XSSHU����
ELWV�RI�,�2�3RUW� 
�
E���1RWKLQJ 
�
E���&OHDU�HGJH�VHQVLWLYH�LQWHUUXSW 
:KHQ�D���LV�ZULWWHQ�LQWR�D�FRUUHVSRQGLQJ�ELW�RI�WKLV�UHJLVWHU��WKH�
LQWHUUXSW�LV�FOHDUHG�DQG�WKH�ELW�LV�VHOI�FOHDUHG�DW�RQFH��:ULWLQJ�WR�
WKLV�UHJLVWHU�KDV�QR�HIIHFW�RQ�OHYHO�VHQVLWLYH�LQWHUUXSWV��$OO�
LQWHUUXSWV�DUH�FOHDUHG�ZKHQ�,�2�3RUW�LV�QRW�FRQILJXUHG�IRU�
LQWHUUXSWV� 

 
*3,2B(;7B3257�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
H[WBSRUW 
7KLV�UHJLVWHU�DOZD\V�UHIOHFWV�WKH�YDOXH�RI�WKH�VLJQDOV�RQ�WKH�
H[WHUQDO�,�2�3RUW� 

 
*3,2B9(5B,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������F YHUBLG 

9HUVLRQ�,'� 

 
 

16.5 Interface Description 
Table 16-1 GPIO Interface Description 
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Module Pin Dir. Pad Name IOMUX Setting 
GPIO0 Interface 

gpio0_port[3:0] I/O GPIO0_A[3:0] 308*5)B*3,2�$B,208;B/>����@ ��¶K� 
gpio0_port[7:4] I/O GPIO0_A[7:4] 308*5)B*3,2�$B,208;B+>����@ ��¶K� 
gpio0_port[11:8] I/O GPIO0_B[3:0] 308*5)B*3,2�%B,208;B/>����@ ��¶K� 
gpio0_port[15:12] I/O GPIO0_B[7:4] 308*5)B*3,2�%B,208;B+>����@ ��¶K� 
gpio0_port[19:16] I/O GPIO0_C[3:0] 308*5)B*3,2�&B,208;B/>����@ ��¶K� 
gpio0_port[23:20] I/O GPIO0_C[7:4] 308*5)B*3,2�&B,208;B+>����@ ��¶K� 
gpio0_port[27:24] I/O GPIO0_D[3:0] 308*5)B*3,2�'B,208;B/>����@ ��¶K� 
gpio0_port[31:28] I/O GPIO0_D[7:4] 308*5)B*3,2�'B,208;B+>����@ ��¶K� 

GPIO1 Interface 
gpio1_port[3:0] I/O GPIO1_A[3:0] *5)B*3,2�$B,208;B/>����@ ��¶K� 
gpio1_port[7:4] I/O GPIO1_A[7:4] *5)B*3,2�$B,208;B+>����@ ��¶K� 
gpio1_port[11:8] I/O GPIO1_B[3:0] *5)B*3,2�%B,208;B/>����@ ��¶K� 
gpio1_port[15:12] I/O GPIO1_B[7:4] *5)B*3,2�%B,208;B+>����@ ��¶K� 
gpio1_port[19:16] I/O GPIO1_C[3:0] *5)B*3,2�&B,208;B/>����@ ��¶K� 
gpio1_port[23:20] I/O GPIO1_C[7:4] *5)B*3,2�&B,208;B+>����@ ��¶K� 
gpio1_port[27:24] I/O GPIO1_D[3:0] *5)B*3,2�'B,208;B/>����@ ��¶K� 
gpio1_port[31:28] I/O GPIO1_D[7:4] *5)B*3,2�'B,208;B+>����@ ��¶K� 

GPIO2 Interface 
gpio2_port[3:0] I/O GPIO2_A[3:0] *5)B*3,2�$B,208;B/>����@ ��¶K� 
gpio2_port[7:4] I/O GPIO2_A[7:4] *5)B*3,2�$B,208;B+>����@ ��¶K� 
gpio2_port[11:8] I/O GPIO2_B[3:0] *5)B*3,2�%B,208;B/>����@ ��¶K� 
gpio2_port[15:12] I/O GPIO2_B[7:4] *5)B*3,2�%B,208;B+>����@ ��¶K� 
gpio2_port[19:16] I/O GPIO2_C[3:0] *5)B*3,2�&B,208;B/>����@ ��¶K� 
gpio2_port[23:20] I/O GPIO2_C[7:4] *5)B*3,2�&B,208;B+>����@ ��¶K� 
gpio2_port[27:24] I/O GPIO2_D[3:0] *5)B*3,2�'B,208;B/>����@ ��¶K� 
gpio2_port[31:28] I/O GPIO2_D[7:4] *5)B*3,2�'B,208;B+>����@ ��¶K� 

GPIO3 Interface 
gpio3_port[3:0] I/O GPIO3_A[3:0] *5)B*3,2�$B,208;B/>����@ ��¶K� 
gpio3_port[7:4] I/O GPIO3_A[7:4] *5)B*3,2�$B,208;B+>����@ ��¶K� 
gpio3_port[11:8] I/O GPIO3_B[3:0] *5)B*3,2�%B,208;B/>����@ ��¶K� 
gpio3_port[15:12] I/O GPIO3_B[7:4] *5)B*3,2�%B,208;B+>����@ ��¶K� 
gpio3_port[19:16] I/O GPIO3_C[3:0] *5)B*3,2�&B,208;B/>����@ ��¶K� 
gpio3_port[23:20] I/O GPIO3_C[7:4] *5)B*3,2�&B,208;B+>����@ ��¶K� 
gpio3_port[27:24] I/O GPIO3_D[3:0] *5)B*3,2�'B,208;B/>����@ ��¶K� 
gpio3_port[31:28] I/O GPIO3_D[7:4] *5)B*3,2�'B,208;B+>����@ ��¶K� 

GPIO4 Interface 
gpio4_port[3:0] I/O GPIO4_A[3:0] *5)B*3,2�$B,208;B/>����@ ��¶K� 
gpio4_port[7:4] I/O GPIO4_A[7:4] *5)B*3,2�$B,208;B+>����@ ��¶K� 
gpio4_port[11:8] I/O GPIO4_B[3:0] *5)B*3,2�%B,208;B/>����@ ��¶K� 
gpio4_port[15:12] I/O GPIO4_B[7:4] *5)B*3,2�%B,208;B+>����@ ��¶K� 
gpio4_port[19:16] I/O GPIO4_C[3:0] *5)B*3,2�&B,208;B/>����@ ��¶K� 
gpio4_port[23:20] I/O GPIO4_C[7:4] *5)B*3,2�&B,208;B+>����@ ��¶K� 
gpio4_port[27:24] I/O GPIO4_D[3:0] *5)B*3,2�'B,208;B/>����@ ��¶K� 
gpio4_port[31:28] I/O GPIO4_D[7:4] *5)B*3,2�'B,208;B+>����@ ��¶K� 
1RWHV��8QXVHG�0RGXOH�3LQ�LV�WLHG�WR�]HUR��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 

16.6 Application Notes 
z 5HDGLQJ�IURP�DQ�XQXVHG�ORFDWLRQ�RU�XQXVHG�ELWV�LQ�D�SDUWLFXODU�UHJLVWHU�DOZD\V�UHWXUQV�

]HURV��7KHUH�LV�QR�HUURU�PHFKDQLVP�LQ�WKH�$3%� 
z 3URJUDPPLQJ�WKH�*3,2�UHJLVWHUV�IRU�LQWHUUXSW�GHWHFWLRQ�VKRXOG�EH�FRPSOHWHG�SULRU�WR�

HQDEOLQJ�WKH�LQWHUUXSWV�LQ�RUGHU�WR�SUHYHQW�VSXULRXV�JOLWFKHV�RQ�WKH�LQWHUUXSW�RXWSXW�
VLJQDO�WR�WKH�LQWHUUXSW�FRQWUROOHU� 
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Chapter 17 SAR-ADC 
17  

17.1 Overview 
7KH�$'&� LV�D���FKDQQHO�VLJQDO�HQGHG����ELW�6XFFHVVLYH�$SSUR[LPDWLRQ�5HJLVWHU� �6$5��$�'�
&RQYHUWHU�� ,W�XVHV� WKH� VXSSO\�DQG�JURXQG�DV� LW� UHIHUHQFH�ZKLFK�DYRLG� XVH�RI� DQ\�H[WHUQDO�
UHIHUHQFH�� ,W� FRQYHUWV� WKH�DQDORJ� LQSXW�VLJQDO� LQWR����ELW�ELQDU\�GLJLWDO� FRGHV�DW�PD[LPXP�
FRQYHUVLRQ�UDWH�RI��0636�ZLWK���0+]�$�'�FRQYHUWHU�FORFN� 

17.2 Block Diagram 

SARADC_AIN[2:0]

REFP (VDDA_SARADC)

 
Fig. 17-1 SAR-ADC Block Diagram 

6XFFHVVLYH�$SSUR[LPDWH�5HJLVWHU�DQG�&RQWURO�/RJLF�%ORFN 
7KLV�EORFN�LV�H[SORLWHG�WR�UHDOL]H�ELQDU\�VHDUFK�DOJRULWKP��VWRULQJ�WKH�LQWHUPHGLDWH�UHVXOW�DQG�
JHQHUDWH�FRQWURO�VLJQDO�IRU�DQDORJ�EORFN� 
&RPSDUDWRU�%ORFN 
7KLV�EORFN�FRPSDUHV�WKH�DQDORJ�LQSXW�6$5$'&B$,1>���@�ZLWK�WKH�YROWDJH�JHQHUDWHG�IURP�
'�$�&RQYHUWHU��DQG�RXWSXW�WKH�FRPSDULVRQ�UHVXOW�WR�6$5�DQG�&RQWURO�/RJLF�%ORFN�IRU�ELQDU\�
VHDUFK��7KUHH�OHYHO�DPSOLILHUV�DUH�HPSOR\HG�LQ�WKLV�FRPSDUDWRU�WR�SURYLGH�HQRXJK�JDLQ� 

17.3 Function Description 
,Q�5.������6$5�$'&�ZRUNV�DW�VLQJOH�VDPSOH�RSHUDWLRQ�PRGH� 
7KLV�PRGH�LV�XVHIXO�WR�VDPSOH�DQ�DQDORJ�LQSXW�ZKHQ�WKHUH�LV�D�JDS�EHWZHHQ�WZR�VDPSOHV�WR�
EH�FRQYHUWHG��,Q�WKLV�PRGH�67$57�LV�DVVHUWHG�RQO\�RQ�WKH�ULVLQJ�HGJH�RI�&/.,1�ZKHUH�
FRQYHUVLRQ�LV�QHHGHG��$W�WKH�HQG�RI�HYHU\�FRQYHUVLRQ�(2&�VLJQDO�LV�PDGH�KLJK�DQG�YDOLG�
RXWSXW�GDWD�LV�DYDLODEOH�DW�WKH�ULVLQJ�HGJH�RI�(2&��7KH�GHWDLOHG�WLPLQJ�GLDJUDP�ZLOO�EH�VKRZQ�
LQ�WKH�IROORZLQJ� 

17.4 5HJLVWHU�'HVFULSWLRQ�  
17.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
17.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

6$5$'&B'$7$ �[���� : �[�������� WKLV�UHJLVWHU�FRQWDLQV�WKH�GDWD�DIWHU�$�'�&RQYHUVLRQ 
6$5$'&B67$6 �[���� : �[�������� WKH�VWDWXV�UHJLVWHU�RI�$�'�&RQYHUWHU 
6$5$'&B&75/ �[���� : �[�������� WKH�FRQWURO�UHJLVWHU�RI�$�'�&RQYHUWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

6$5$'&B'/<B38B62& �[���& : �[�������� GHOD\�EHWZHHQ�SRZHU�XS�DQG�VWDUW�FRPPDQG 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
17.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
6$5$'&B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 
��� 5: �[��� DGFBGDWD 

$�'�YDOXH�RI�WKH�ODVW�FRQYHUVLRQ��'287>���@�� 
 
6$5$'&B67$6�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
DGFBVWDWXV 
$'&�VWDWXV��(2&�� 
�
E���$'&�VWRS 
�
E���&RQYHUVLRQ�LQ�SURJUHVV 

 
6$5$'&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
LQWBVWDWXV 
,QWHUUXSW�VWDWXV� 
7KLV�ELW�ZLOO�EH�VHW�WR���ZKHQ�HQG�RI�FRQYHUVLRQ��  
6HW���WR�FOHDU�WKH�LQWHUUXSW� 

� 5: �[� 
LQWBHQ 
,QWHUUXSW�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 

DGFBSRZHUBFWUO 
$'&�SRZHU�GRZQ�FRQWURO�ELW� 
�
E���$'&�SRZHU�GRZQ 
�
E���$'&�SRZHU�XS�DQG�UHVHW 
6WDUW�VLJQDO�ZLOO�EH�DVVHUWHG��'/<B38B62&������VFON�FORFN�SHULRG�
ODWHU�DIWHU�SRZHU�XS� 

��� 5: �[� 

DGFBLQSXWBVUFBVHO 
$'&�LQSXW�VRXUFH�VHOHFWLRQ�&+B6(/>���@�� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
2WKHUV���5HVHUYHG 

 
6$5$'&B'/<B38B62&�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 
GO\BSXBVRF 
'HOD\�EHWZHHQ�SRZHU�XS�DQG�VWDUW�FRPPDQG� 
7KH�VWDUW�VLJQDO�ZLOO�EH�DVVHUWHG��GO\BSXBVRF������VFON�FORFN�
SHULRG�ODWHU�DIWHU�SRZHU�XS� 

 
 

17.5 Timing Diagram 

 
Fig. 17-2 SAR-ADC Timing Diagram in Single-sample Conversion Mode 

7KH�IROORZLQJ�WDEOH�VKRZV�WKH�GHWDLO�YDOXH�IRU�WLPLQJ�SDUDPHWHUV�LQ�WKH�DERYH�GLDJUDP� 
Table 17-1 SAR-ADC Timing Parameters List 

Parameter Symbol Condition Min Typ Max Unit 

Timing Characteristic 

Clock Frequency fCLK    26 MHz 

Clock Period tCLK  38   ns 

Conversion Time   13   tCLK 

Setup Time of soc 

signal 
Ts  0.2  0.5 ns 

Hold Time of soc 

signal 
Th  0.2  0.5 ns 

High Level Time of 

eoc signal 
Teoc   1  tCLK 

Time Interval 

between Transition of 

sel[2:0] and Rising 

Edge of 1st clock 

WVHO�   1  tCLK 

Time Interval 

between Transition of 

sel[2:0] and Rising 

Edge of 1st clock 

WVHO�   2  tCLK 

17.6 Application Notes 
6WHSV�RI�DGF�FRQYHUVLRQ� 
z :ULWH�6$5$'&B&75/>�@�DV���WR�SRZHU�GRZQ�$'&�FRQYHUWHU� 
z :ULWH�6$5$'&B&75/>���@�DV�Q�WR�VHOHFW�$'&�FKDQQHO�Q�� 
z :ULWH�6$5$'&B&75/>�@�DV���WR�HQDEOH�$'&�LQWHUUXSW� 
z :ULWH�6$5$'&B&75/>�@�DV���WR�SRZHU�XS�$'&�FRQYHUWHU� 
z :DLW�IRU�$'&�LQWHUUXSW�RU�SROO�6$5$'&B67$6�UHJLVWHU�WR�DVVHUW�ZKHWKHU�WKH�FRQYHUVLRQ�

LV�FRPSOHWHG� 
z 5HDG�WKH�FRQYHUVLRQ�UHVXOW�IURP�6$5$'&B'$7$>���@� 
z 1RWH��7KH�$�'�FRQYHUWHU�ZDV�GHVLJQHG�WR�RSHUDWH�DW�PD[LPXP��0+]� 
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Chapter 18 Temperature-Sensor ADC (TS-ADC) 
18  

18.1 Overview 
76�$'&�&RQWUROOHU�PRGXOH�VXSSRUWV�XVHU�GHILQHG�PRGH�DQG�DXWRPDWLF�PRGH��8VHU�GHILQHG�
PRGH�UHIHUV��76$'&�DOO�WKH�FRQWURO�VLJQDOV�HQWLUHO\�E\�VRIWZDUH�ZULWLQJ�WR�UHJLVWHU�IRU�GLUHFW�
FRQWURO��$XWRPDWLF�PRGH�UHIHUV�WR�WKH�PRGXOH�DXWRPDWLFDOO\�SROO�76$'&�RXWSXW��DQG�WKH�
UHVXOWV�ZHUH�FKHFNHG��,I�\RX�ILQG�WKDW�WKH�WHPSHUDWXUH�+LJK�LQ�D�SHULRG�RI�WLPH��DQ�LQWHUUXSW�
LV�JHQHUDWHG�WR�WKH�SURFHVVRU�GRZQ�PHDVXUHV�WDNHQ��LI�WKH�WHPSHUDWXUH�RYHU�D�SHULRG�RI�
WLPH�+LJK��WKH�UHVXOWLQJ�76+87�JDYH�&58�PRGXOH��OHW�LW�UHVHW�WKH�HQWLUH�FKLS��RU�YLD�*3,2�
JLYH�30,&� 
76�$'&�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�8VHU�'HILQHG�0RGH�DQG�$XWRPDWLF�0RGH 
z ,Q�8VHU�'HILQHG�0RGH��VWDUW�RI�FRQYHUVLRQ�FDQ�EH�FRQWUROOHG�FRPSOHWHO\�E\�VRIWZDUH��

DQG�DOVR�FDQ�EH�JHQHUDWHG�E\�KDUGZDUH 
z ,Q�$XWRPDWLF�0RGH��WKH�WHPSHUDWXUH�RI�DODUP�KLJK�ORZ�WHPSHUDWXUH��LQWHUUXSW�FDQ�EH�

FRQILJXUDEOH 
z ,Q�$XWRPDWLF�0RGH��WKH�WHPSHUDWXUH�RI�V\VWHP�UHVHW�FDQ�EH�FRQILJXUDEOH 
z 6XSSRUW�WR���FKDQQHO�76�$'&�&38�DQG�*38���WKH�WHPSHUDWXUH�FULWHULD�RI�HDFK�FKDQQHO�

FDQ�EH�FRQILJXUDEOH 
z ,Q�$XWRPDWLF�0RGH��WKH�WLPH�LQWHUYDO�RI�WHPSHUDWXUH�GHWHFWLRQ�FDQ�EH�FRQILJXUDEOH�  
z ,Q�$XWRPDWLF�0RGH��ZKHQ�GHWHFWLQJ�D�KLJK�WHPSHUDWXUH��WKH�WLPH�LQWHUYDO�RI�

WHPSHUDWXUH�GHWHFWLRQ�FDQ�EH�FRQILJXUDEOH 
z +LJK�WHPSHUDWXUH�GHERXQFH�FDQ�EH�FRQILJXUDEOH 
z ���a����&�WHPSHUDWXUH�UDQJH�DQG���&�WHPSHUDWXUH�UHVROXWLRQ 
z ���ELW�6$5$'&�XS�WR�����6�V�VDPSOLQJ�UDWH 

18.2 Block Diagram 
76�$'&�FRQWUROOHU�FRPSULVHV�ZLWK� 
z $3%�,QWHUIDFH 
z 76�$'&�FRQWURO�ORJLF 

 
Fig.18-1 TS-ADC Controller Block Diagram 

18.3 Function Description 
18.3.1 $+%�,QWHUIDFH 
7KHUH�LV�DQ�$3%�6ODYH�LQWHUIDFH�LQ�76�$'&�&RQWUROOHU��ZKLFK�LV�XVHG�WR�FRQILJXUH�WKH�76�$'&�
&RQWUROOHU�UHJLVWHUV�DQG�ORRN�XS�WKH�WHPSHUDWXUH�IURP�WKH�WHPSHUDWXUH�VHQVRU� 
18.3.2 76�$'&�&RQWUROOHU 
7KLV�EORFN�LV�H[SORLWHG�WR�UHDOL]H�ELQDU\�VHDUFK�DOJRULWKP��VWRULQJ�WKH�LQWHUPHGLDWH�UHVXOW�DQG�
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JHQHUDWH�FRQWURO�VLJQDO�IRU�DQDORJ�EORFN�7KLV�EORFN�FRPSDUHV�WKH�DQDORJ�LQSXW�ZLWK�WKH�
YROWDJH�JHQHUDWHG�IURP�'�$�&RQYHUWHU��DQG�RXWSXW�WKH�FRPSDULVRQ�UHVXOW�WR�6$5�DQG�&RQWURO�
/RJLF�%ORFN�IRU�ELQDU\�VHDUFK��7KUHH�OHYHO�DPSOLILHUV�DUH�HPSOR\HG�LQ�WKLV�FRPSDUDWRU�WR�
SURYLGH�HQRXJK�JDLQ� 

18.4 5HJLVWHU�'HVFULSWLRQ�  
18.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
18.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

76$'&B86(5B&21 �[���� : �[�������� WKH�FRQWURO�UHJLVWHU�RI�$�'�FRQYHUWHU 
76$'&B$872B&21 �[���� : �[�������� 76$'&�DXWR�PRGH�FRQWURO�UHJLVWHU 
76$'&B,17B(1 �[���� : �[�������� 76$'&�LQWHUUXSWV�HQDEOH�FRQWURO 
76$'&B,17B3' �[���& : �[�������� 76$'&�LQWHUUXSWV�VWDWXV 
76$'&B'$7$� �[���� : �[�������� WKLV�UHJLVWHU�FRQWDLQV�WKH�GDWD�IURP�&+��DIWHU�$�'�FRQYHUVLRQ 
76$'&B'$7$� �[���� : �[�������� WKLV�UHJLVWHU�FRQWDLQV�WKH�GDWD�IURP�&+��DIWHU�$�'�FRQYHUVLRQ 
76$'&B&203�B,17 �[���� : �[�������� 76$'&�KLJK�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
76$'&B&203�B,17 �[���� : �[�������� 76$'&�KLJK�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
76$'&B&203�B6+87 �[���� : �[�������� 76$'&�KLJKVKXW�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
76$'&B&203�B6+87 �[���� : �[�������� 76$'&�KLJKVKXW�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
76$'&B+,*+7B,17B'(%2
81&( �[���� : �[�������� KLJK�WHPSHUDWXUH�GHERXQFH 
76$'&B+,*+7B76+87B'
(%281&( �[���� : �[�������� VKXW�WHPSHUDWXUH�GHERXQFH 
76$'&B$872B3(5,2' �[���� : �[�������� 76$'&�DXWR�DFFHVV�SHULRG 
76$'&B$872B3(5,2'B+
7 �[���& : �[�������� 76$'&�DXWR�DFFHVV�SHULRG�ZKHQ�WHPSHUDWXUH�LV�KLJK 
76$'&B&203�B/2:B,17 �[���� : �[�������� 76$'&�ORZ�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
76$'&B&203�B/2:B,17 �[���� : �[�������� 76$'&�ORZ�WHPSHUDWXUH�OHYHO�IRU�VRXUFH�� 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
18.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
76$'&B86(5B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
DGFBVWDWXV 
�
E���$'&�VWRS 
�
E���&RQYHUVLRQ�LQ�SURJUHVV 

���� 5: �[��� LQWHUBSGBVRF 
,QWHUOHDYH�EHWZHHQ�SRZHU�GRZQ�DQG�VWDUW�RI�FRQYHUVLRQ� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VWDUW 
:KHQ�VRIWZDUH�ZULWH���WR�WKLV�ELW���VWDUWBRIBFRQYHUVLRQ�ZLOO�EH�
DVVHUW� 
7KLV�ELW�ZLOO�EH�FOHDUHG�DIWHU�76$'&�DFFHVV�ILQLVKLQJ� 
:KHQ�76$'&B86(5B&21>�@� ��
E��WDNH�HIIHFW� 

� 5: �[� 

VWDUWBPRGH 
6WDUW�PRGH� 
�
E���7VDGF�FRQWUROOHU�ZLOO�DVHUW� � VWDUWBRIBFRQYHUVLRQ�DIWHU�
�LQWHUBSGBVRF��F\FOHV 
�
E���7KH�VWDUWBRIBFRQYHUVLRQ�ZLOO�EH�FRQWUROOHG�E\�
76$'&B86(5B&21>�@ 

� 5: �[� 
DGFBSRZHUBFWUO 
�
E���$'&�SRZHU�GRZQ 
�
E���$'&�SRZHU�XS�DQG�UHVHW 

��� 5: �[� 
DGFBLQSXWBVUFBVHO 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
�
E�����,QSXW�VRXUFH����6$5$'&B$,1>�@� 
2WKHUV��5HVHUYHG 

 
76$'&B$872B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 

ODVWBWVKXWB�FUX 
76+87�VWDWXV� 
7KLV�ELW�ZLOO�VHW�WR���ZKHQ�WVKXW�LV�YDOLG��DQG�RQO\�EH�FOHDUHG�ZKHQ�
DSSOLFDWLRQ�ZULWH���WR�LW� 
7KLV�ELW�ZLOO�QRW�EH�FOHDUHG�E\�V\VWHP�UHVHW� 

�� 5: �[� 

ODVWBWVKXWB�JSLR 
76+87�VWDWXV� 
7KLV�ELW�ZLOO�VHW�WR���ZKHQ�WVKXW�LV�YDOLG��DQG�RQO\�EH�FOHDUHG�ZKHQ�
DSSOLFDWLRQ�ZULWH���WR�LW� 
7KLV�ELW�ZLOO�QRW�EH�FOHDUHG�E\�V\VWHP�UHVHW� 

����� 52 �[�� UHVHUYHG 

�� 5: �[� 
VDPSOHBGO\BVHO 
�
E���$872B3(5,2'�LV�XVHG 
�
E���$872B3(5,2'B+7�LV�XVHG 

�� 5: �[� 
DXWRBVWDWXV 
�
E���$XWR�PRGH�VWRS 
�
E���$XWR�PRGH�LQ�SURJUHVV 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
VUF�BOWBHQ 
�
E���'R�QRW�FDUH�ORZ�WHPSHUDWXUH�RI�VRXUFH�� 
�
E���(QDEOH�WKH�ORZ�WHPSHUDWXUH�PRQLWRU�RI�VRXUFH�� 

�� 5: �[� 
VUF�BOWBHQ 
�
E���'R�QRW�FDUH�ORZ�WHPSHUDWXUH�RI�VRXUFH�� 
�
E���(QDEOH�WKH�ORZ�WHPSHUDWXUH�PRQLWRU�RI�VRXUFH�� 

���� 52 �[� UHVHUYHG 

� 5: �[� 
WVKXWBSURODULW\ 
�
E���/RZ�DFWLYH 
�
E���+LJK�DFWLYH 

��� 52 �[� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  669 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
VUF�BHQ 
�
E���'R�QRW�FDUH�WKH�WHPSHUDWXUH�RI�VRXUFH�� 
�
E���,I�WKH�WHPSHUDWXUH�RI�VRXUFH���LV�WRR�KLJK���76+87�ZLOO�EH�
YDOLG 

� 5: �[� 
VUF�BHQ 
�
E���'R�QRW�FDUH�WKH�WHPSHUDWXUH�RI�VRXUFH�� 
�
E���,I�WKH�WHPSHUDWXUH�RI�VRXUFH���LV�WRR�KLJK���76+87�ZLOO�EH�
YDOLG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

WVDGFBTBVHO 
�
E���8VH�WVDGFBT�DV�RXWSXW�SRVLWLYH�WHPSHUDWXUH�FRHIILFLHQW��  
�
E���8VH�������WVDGFBT��DV�RXWSXW��QHJDWLYH�WHPSHUDWXUH�
FRHIILFLHQW� 
5.�����LV�QHJDWLYH�WHPSUDWXUH�FRHIILFLHQW��VR�SOHDVH�VHW�WKLV�ELW�
DV��
E� 

� 5: �[� 
DXWRBHQ 
�
E���76$'&�FRQWUROOHU�ZRUNV�DW�XVHU�GHILQH�PRGH 
�
E���76$'&�FRQWUROOHU�ZRUNV�DW�DXWR�PRGH 

 
76$'&B,17B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
HRFBLQWBHQ 
(RFBLQWHUUXSW�HQDEOH�LQ�XVHU�GHILQHG�PRGH 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

�� 5: �[� 
OWBLQWHQBVUF� 
/RZ�WHPSHUDWXUH�LQWHUUXSW�HQDEOH�IRU�VUF�� 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
OWBLQWHQBVUF� 
/RZ�WHPSHUDWXUH�LQWHUUXSW�HQDEOH�IRU�VUF�� 
�
E���'LVDEOH 
�
E���(QDEOH 

����� 52 �[� UHVHUYHG 

� 5: �[� 
WVKXWB�FUXBHQBVUF� 
�
E���76+87�RXWSXW�WR�FUX�GLVDEOHG�� �76+87�RXWSXW�ZLOO�DOZD\V�
NHHS�ORZ 
�
E���76+87�RXWSXW�ZRUNV 

� 5: �[� 
WVKXWB�FUXBHQBVUF� 
�
E���76+87�RXWSXW�WR�FUX�GLVDEOHG�� �76+87�RXWSXW�ZLOO�DOZD\V�
NHHS�ORZ 
�
E���76+87�RXWSXW�ZRUNV 

��� 52 �[� UHVHUYHG 

� 5: �[� 
WVKXWB�JSLRBHQBVUF� 
�
E���76+87�RXWSXW�WR�JSLR�GLVDEOHG�� �76+87�RXWSXW�ZLOO�DOZD\V�
NHHS�ORZ 
�
E���76+87�RXWSXW�ZRUNV 

� 5: �[� 
WVKXWB�JSLRBHQBVUF� 
�
E���76+87�RXWSXW�WR�JSLR�GLVDEOHG�� �76+87�RXWSXW�ZLOO�DOZD\V�
NHHS�ORZ 
�
E���76+87�RXWSXW�ZRUNV 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
KWBLQWHQBVUF� 
+LJK�WHPSHUDWXUH�LQWHUUXSW�HQDEOH�IRU�VUF�� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
KWBLQWHQBVUF� 
+LJK�WHPSHUDWXUH�LQWHUUXSW�HQDEOH�IRU�VUF�� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
76$'&B,17B3'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 
HRFBLQWBSG 
7KLV�ELW�ZLOO�EH�VHW�WR���ZKHQ�HQG�RI�FRQYHUVLRQ��  
6HW���WR�FOHDU�WKH�LQWHUUXSW� 

����� 52 �[� UHVHUYHG 

�� 5: �[� 

OWBLUTBVUF� 
:KHQ�76$'&�RXWSXW�LV�ORZHU�WKDQ�&203B,17B/2:��WKLV�ELW�ZLOO�
EH�YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�ORZ��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

�� 5: �[� 

OWBLUTBVUF� 
:KHQ�76$'&�RXWSXW�LV�ORZHU�WKDQ�&203B,17B/2:��WKLV�ELW�ZLOO�
EH�YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�ORZ��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 

WVKXWBRBVUF� 
76+87�RXWSXW�VWDWXV 
:KHQ�76$'&�RXWSXW�LV�ELJJHU�WKDQ�&203B6+87��WKLV�ELW�ZLOO�EH�
YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�9(5<�KLJK��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

� 5: �[� 

WVKXWBRBVUF� 
76+87�RXWSXW�VWDWXV 
:KHQ�76$'&�RXWSXW�LV�ELJJHU�WKDQ�&203B6+87��WKLV�ELW�ZLOO�EH�
YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�9(5<�KLJK��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

KWBLUTBVUF� 
:KHQ�76$'&�RXWSXW�LV�ELJJHU�WKDQ�&203B,17��WKLV�ELW�ZLOO�EH�
YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�KLJK��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

� 5: �[� 

KWBLUTBVUF� 
:KHQ�76$'&�RXWSXW�LV�ELJJHU�WKDQ�&203B,17��WKLV�ELW�ZLOO�EH�
YDOLG��ZKLFK�PHDQV�WHPSHUDWXUH�LV�KLJK��DQG�WKH�DSSOLFDWLRQ�
VKRXOG�LQ�FKDUJH�RI�WKLV� 
ZULWH���WR�LW���WKLV�ELW�ZLOO�EH�FOHDUHG� 

 
76$'&B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 
DGFBGDWD 
$GF�GDWD� 
$�'�YDOXH�RI�WKH�FKDQQHO���ODVW�FRQYHUVLRQ��'287>����@� 

 
76$'&B'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 
DGFBGDWD 
$GF�GDWD� 
$�'�YDOXH�RI�WKH�FKDQQHO���ODVW�FRQYHUVLRQ��'287>����@� 

 
76$'&B&203�B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�KLJK�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ELJJHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�KLJK� 
76$'&B,17�ZLOO�EH�YDOLG� 

 
76$'&B&203�B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�KLJK�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ELJJHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�KLJK� 
76$'&B,17�ZLOO�EH�YDOLG� 

 
76$'&B&203�B6+87�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�KLJK�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ELJJHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�WRR�KLJK� 
76+87�ZLOO�EH�YDOLG� 

 
76$'&B&203�B6+87�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�KLJK�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ELJJHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�WRR�KLJK� 
76+87�ZLOO�EH�YDOLG� 

 
76$'&B+,*+7B,17B'(%281&(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
GHERXQFH 
76$'&�FRQWUROOHU�ZLOO�RQO\�JHQHUDWH�LQWHUUXSW�RU�76+87�ZKHQ�
WHPSHUDWXUH�LV�KLJKHU�WKDQ�&203B,17�IRU��GHERXQFH��WLPHV� 

 
76$'&B+,*+7B76+87B'(%281&(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
GHERXQFH 
76$'&�FRQWUROOHU�ZLOO�RQO\�JHQHUDWH�LQWHUUXSW�RU�76+87�ZKHQ�
WHPSHUDWXUH�LV�KLJKHU�WKDQ� �&203B6+87�IRU��GHERXQFH��WLPHV� 

 
76$'&B$872B3(5,2'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
DXWRBSHULRG 
:KHQ�DXWR�PRGH�LV�HQDEOHG��WKLV�UHJLVWHU�FRQWUROV�WKH�LQWHUOHDYH�
EHWZHHQ�HYHU\�WZR�DFFHVVLQJ�RI�76$'&� 

 
76$'&B$872B3(5,2'B+7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
DXWRBSHULRG 
7KLV�UHJLVWHU�FRQWUROV�WKH�LQWHUOHDYH�EHWZHHQ�HYHU\�WZR�DFFHVVLQJ�
RI�76$'&�DIWHU�WKH�WHPSHUDWXUH�LV�KLJKHU�WKDQ�&203B6+87�RU�
&203B,17� 

 
76$'&B&203�B/2:B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�ORZ�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ORZHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�ORZ� 
76$'&B/2:B,17�ZLOO�EH�YDOLG� 

 
76$'&B&203�B/2:B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

���� 5: �[��� 

WVDGFBFRPSBVUF� 
76$'&�ORZ�WHPSHUDWXUH�OHYHO� 
76$'&�RXWSXW�LV�ORZHU�WKDQ�WVDGFBFRPS�� �PHDQV�WKH�
WHPSHUDWXUH�LV�ORZ� 
76$'&B/2:B,17�ZLOO�EH�YDOLG� 

 
 

18.5 Application Notes 
18.5.1 &KDQQHO�6HOHFW 
7KH�V\VWHP�KDV�WZR�7HPSHUDWXUH�6HQVRUV��FKDQQHO���LV�IRU�&38�DQG�FKDQQHO���LV�IRU�*38� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  673 

18.5.2 6LQJOH�6DPSOH�&RQYHUVLRQ 
7R�VWDUW�WKH�WHPSHUDWXUH�VHQVRU��WKH�EDQGJDS�FLUFXLW��WKH�UHODWHG�YROWDJH�EXIIHUV�DQG�$'&�
VKRXOG�EH�HQDEOHG�VXFFHVVLYHO\ 

 
Fig. 18-2 Start Flow to Enable the Sensor and ADC 

7DEOH�����JLYHV�UHTXLUHPHQW�IRU�VWDUW�WLPLQJ��W��LV�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�ULVLQJ�HGJH�
RI�WVDGFBWVHQBHQ�DQG�WKH�ULVLQJ�HGJH�RI�WVDGFBDQDBUHJB�������ZKLFK�VKRXOG�EH�QR�OHVV�WKDQ�
��XV��W��LV�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�ULVLQJ�HGJH�RI�WVDGFBDQDBUHJB������DQG�WKH�ULVLQJ�
HGJH�RI�WVDGFBHQ��W��LV�WLPH�LQWHUYDO�EHWZHHQ�WKH�ULVLQJ�HGJH�RI�WVDGFBHQ�DQG�WKH�ULVLQJ�HGJH�
RI�WVDGFBVDPSOH��ZKLFK�VKRXOG�EH�QR�OHVV�WKDQ���XV 

Table 18-1 Start Timing Specification 
3DUDPHWHU�  0LQ�  7\S�  0D[ 
W��  ��XV   
W��  �XV   
W��  ��XV   

 
18.5.3 7HPSHUDWXUH�WR�&RGH�0DSSLQJ 

Table 18-2 Temperature Code Mapping 

Temperature (ȭ) 
Temperature Sensor Output 

Min Typ Max 

-40 - 2512 - 

-35 - 2476 - 

-30 - 2444 - 

-25 - 2408 - 

-20 - 2376 - 

-15 - 2340 - 

-10 - 2308 - 

-5 - 2272 - 

0 - 2240 - 

5 - 2204 - 

10 - 2172 - 

15 - 2140 - 
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Temperature (ȭ) 
Temperature Sensor Output 

Min Typ Max 

20 - 2104 - 

25 - 2072 - 

30 - 2036 - 

35 - 2004 - 

40 - 1968 - 

45 - 1936 - 

50 - 1900 - 

55 - 1868 - 

60 - 1832 - 

65 - 1796 - 

70 - 1764 - 

75 - 1728 - 

80 - 1696 - 

85 - 1660 - 

90 - 1628 - 

95 - 1596 - 

100 - 1560 - 

105 - 1524 - 

110 - 1492 - 

115 - 1460 - 

120 - 1424 - 

125 - 1392 - 
 
18.5.4 8VHU�'HILQH�0RGH 
z ,Q�XVHU�GHILQH�PRGH��WKH�3'B'9''�DQG�&+6(/B'9''�DUH�JHQHUDWH�E\�VHWWLQJ�UHJLVWHU�

76$'&B86(5B&21��ELW>�@�DQG�ELW>���@��,Q�RUGHU�WR�HQVXUH�WLPLQJ�EHWZHHQ�3'B'9''�
DQG�&+6(/B'9''��WKH�&+6(/B'9''�PXVW�EH�VHW�EHIRUH�WKH�3'B'9''� 

z ,Q�XVHU�GHILQH�PRGH��\RX�FDQ�FKRRVH�WKH�PHWKRG�WR�FRQWURO�WKH�
67$57B2)B&219(56,21�E\�VHWWLQJ�ELW>�@�RI�76$'&B86(5B&21��,I�VHW�WR����WKH�
VWDUWBRIBFRQYHUVLRQ�ZLOO�EH�DVVHUW�DIWHU�³LQWHUBSGBVRF´�F\FOHV��ZKLFK�FRXOG�EH�VHW�E\�
ELW>����@�RI�76$'&B86(5B&21��$QG�LI�VWDUWBPRGH�ZDV�VHW����WKH�VWDUWBRIBFRQYHUVLRQ�
ZLOO�EH�FRQWUROOHG�E\�ELW>�@�RI�76$'&B86(5B&21� 

z 6RIWZDUH�FDQ�JHW�WKH�IRXU�FKDQQHO�WHPSHUDWXUH�IURP�76$'&B'$7$Q��Q ��������� 
18.5.5 $XWRPDWLF�0RGH 
<RX�FDQ�XVH�WKH�DXWRPDWLF�PRGH�ZLWK�WKH�IROORZLQJ�VWHS� 
z 6HW�76$'&B$872B3(5,2'�WR�FRQILJXUH�WKH�LQWHUOHDYH�EHWZHHQ�HYHU\�WZR�DFFHVVLQJ�RI�

76$'&�LQ�QRUPDO�RSHUDWLRQ� 
z 6HW�76$'&B$872B3(5,2'B+7�WR�FRQILJXUH�WKH�LQWHUOHDYH�EHWZHHQ�HYHU\�WZR�DFFHVVLQJ�
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RI�76$'&�DIWHU�WKH�WHPSHUDWXUH�LV�KLJKHU�WKDQ�&203B6+87�RU�&203B,17� 
z 6HW�76$'&B&203QB,17�Q �����WR�FRQILJXUH�WKH�KLJK�WHPSHUDWXUH�OHYHO��LI�WVDGF�RXWSXW�

LV�VPDOOHU�WKDQ�WKH�YDOXH��PHDQV�WKH�WHPSHUDWXUH�LV�KLJK��WVDGFBLQW�ZLOO�EH�DVVHUWHG� 
z 6HW�76$'&B&203QB6+87�Q �����WR�FRQILJXUH�WKH�VXSHU�KLJK�WHPSHUDWXUH�OHYHO��LI�

WVDGF�RXWSXW�LV�VPDOOHU�WKDQ�WKH�YDOXH��PHDQV�WKH�WHPSHUDWXUH�LV�WRR�KLJK��76+87�ZLOO�
EH�DVVHUWHG� 

z 6HW�76$'&B,17B(1�WR�HQDEOH�WKH�KLJK�WHPSHUDWXUH�LQWHUUXSW�IRU�DOO�FKDQQHO��DQG�\RX�
FDQ�DOVR�VHW�76+87�RXWSXW�WR�*3,2�WR�UHVHW�WKH�ZKROH�FKLS��DQG�\RX�FDQ�VHW�76+87�
RXWSXW�WR�FUX�WR�UHVHW�WKH�ZKROH�FKLS� 

z 6HW�76$'&B+,*+7B,17B'(%281&(�DQG�76$'&B+,*+7B76+87B'(%281&(��LI�WKH�
WHPSHUDWXUH�LV�KLJKHU�WKDQ�&203B,17�RU�&203B6+87�IRU�³GHERXQFH´�WLPHV��76$'&�
FRQWUROOHU�ZLOO�JHQHUDWH�LQWHUUXSW�RU�76+87� 

z 6HW�76$'&B$872B&21�WR�HQDEOH�WKH�76$'&�FRQWUROOHU� 
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Chapter 19 Pulse Density Modulation Interface Controller 
19  

19.1 Overview 
7KH�3'0�LQWHUIDFH�FRQWUROOHU�DQG�GHFRGHU�VXSSRUW�PRQR�3'0�IRUPDW��,W�LQWHJUDWHV�D�FORFN�
JHQHUDWRU�GULYLQJ�WKH�3'0�PLFURSKRQH�DQG�HPEHGV�ILOWHUV�ZKLFK�GHFLPDWH�WKH�LQFRPLQJ�ELW�
VWUHDP�WR�REWDLQ�PRVW�FRPPRQ�DXGLR�UDWHV� 
3'0�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�RQH�LQWHUQDO����ELW�ZLGH�DQG�����ORFDWLRQ�GHHS�),)2V�IRU�UHFHLYLQJ�DXGLR�GDWD 
z 6XSSRUW�UHFHLYH�),)2�IXOO��RYHUIORZ�LQWHUUXSW�DQG�DOO�LQWHUUXSWV�FDQ�EH�PDVNHG 
z 6XSSRUW�FRQILJXUDEOH�ZDWHU�OHYHO�RI�UHFHLYH�),)2�IXOO�LQWHUUXSW 
z 6XSSRUW�FRPELQHG�LQWHUUXSW�RXWSXW 
z 6XSSRUW�$+%�EXV�VODYH�LQWHUIDFH 
z 6XSSRUW�'0$�KDQGVKDNLQJ�LQWHUIDFH�DQG�FRQILJXUDEOH�'0$�ZDWHU�OHYHO 
z 6XSSRUW�3'0�PDVWHU�UHFHLYH�PRGH 
z 6XSSRUW���SDWKV��(DFK�SDWK�LV�FRPSRVHG�RI�WZR�GLJLWDO�PLFURSKRQH�FKDQQHOV��,W�FDQ�EH�

XVHG�ZLWK�IRXU�VWHUHR�RU�HLJKW�PRQR�PLFURSKRQHV��(DFK�SDWK�LV�HQDEOHG�RU�GLVDEOHG�
LQGHSHQGHQWO\ 

z 6XSSRUW���a���ELW�VDPSOH�UHVROXWLRQ 
z 6XSSRUW�VDPSOH�UDWH� 

�N+]���N+]���N+]���N+]����N+]�������N+]������N+]�����N+]�����N+]������N+]���
N+]���N+]���N+]���N+]����N+] 

z 6XSSRUW�WZR����ELW�DXGLR�GDWD�VWRUH�WRJHWKHU�LQ�RQH����ELW�ZLGH�ORFDWLRQ 
z 6XSSRUW����WR����ELW�DXGLR�GDWD�OHIW�RU�ULJKW�MXVWLILHG�LQ����ELW�ZLGH�),)2 
z 6XSSRUW�SURJUDPPDEOH�OHIW�DQG�ULJKW�FKDQQHO�H[FKDQJH 

19.2 Block Diagram 

pdm_filter

pdm_filter

pdm_filter

pdm_filter

pdm_receiver_ctrl

pdm_receiver

pdm_fifo

pdm_ifpdm_sys_if

pdm_clk_gen

AHB_BUS PDM_IF

DMA_IF

 
	��ǤͳͻǦͳ������������������ 

6\VWHP�,QWHUIDFH 
7KH�V\VWHP�LQWHUIDFH�LPSOHPHQWV�WKH�$3%�VODYH�RSHUDWLRQ��,W�FRQWDLQV�QRW�RQO\�FRQWURO�
UHJLVWHUV�RI�UHFHLYHU�LQVLGH�EXW�DOVR�LQWHUUXSW�DQG�'0$�KDQGVKDNLQJ�LQWHUIDFH� 
&ORFN�*HQHUDWRU�  
7KH�&ORFN�*HQHUDWRU�LPSOHPHQWV�FORFN�JHQHUDWLRQ�IXQFWLRQ��7KH�LQSXW�VRXUFH�FORFN�WR�WKH�
PRGXOH�LV�0&/.��DQG�E\�WKH�GLYLGHU�RI�WKH�PRGXOH��WKH�FORFN�JHQHUDWRU�JHQHUDWHV�&/.B3'0�
WR�UHFHLYHU� 
5HFHLYHU�  
7KH�UHFHLYHU�FDQ�DFW�DV�D�GHFLPDWLRQ�ILOWHU�RI�3'0��$QG�H[SRUW�3&0�IRUPDW�GDWD� 
5HFHLYH�),)2 
7KH�5HFHLYH�),)2�LV�WKH�EXIIHU�WR�VWRUH�UHFHLYHG�DXGLR�GDWD��7KH�VL]H�RI�WKH�),)2�LV���ELWV�[�
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���� 

19.3 Function Description 
19.3.1 $+%�,QWHUIDFH 
7KHUH�LV�DQ�$+%�VODYH�LQWHUIDFH�LQ�3'0��,W�LV�UHVSRQVLEOH�IRU�DFFHVVLQJ�UHJLVWHUV� 
19.3.2 3'0�,QWHUIDFH 
7KH�3'0�LQWHUIDFH�LV�D���ZLUH�LQWHUIDFH��7KH�3'0�PRGXOH�FDQ�VXSSRUW�XS�WR�IRXU�H[WHUQDO�
VWHUHR�DQG�HLJKW�GLJLWDO�PLFURSKRQHV� 
)ROORZLQJ�VKRZV�WZR�FDVHV�RI�XVDJH�RI�WKH�3'0��EXW�DOO�FRQILJXUDWLRQV�DUH�SRVVLEOH�ZLWK�
VWHUHR�DQG�PRQR�GLJLWDO�PLFURSKRQHV� 

PDM

Left mono mic

right mono mic

Left mono mic

right mono mic

Left mono mic

right mono mic

Left mono mic

right mono mic

PDM_CLK

PDM_DATA0

PDM_DATA1

PDM_DATA2

PDM_DATA3

 
	��ǤͳͻǦʹ������������������������ 

PDM

Stereo mic

Stereo mic

Stereo mic

Stereo mic

PDM_CLK

PDM_DATA0

PDM_DATA1

PDM_DATA2

PDM_DATA3

 
	��ǤͳͻǦ͵����������	�������������� 

7KH�3'0�LQWHUIDFH�FRQVLVWV�RI�D�VHULDO�GDWD�VKLIW�FORFN�RXWSXW��3'0B&/.��DQG�D�VHULDO�GDWD�
LQSXW��3'0B'$7$���7KH�FORFN�LV�IDQQHG�RXW�WR�ERWK�GLJLWDO�0,&V��DQG�ERWK�GLJLWDO�0,&V¶�
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GDWD�OHIW�FKDQQHO�DQG�ULJKW�FKDQQHO��RXWSXWV�VKDUH�D�VLQJOH�VLJQDO�OLQH��7R�VKDUH�D�VLQJOH�OLQH��
WKH�GLJLWDO�0,&V�WUL�VWDWH�WKHLU�RXWSXW�GXULQJ�RQH�SKDVH�RI�WKH�FORFN�KLJK�RU�ORZ�SDUW�RI�F\FOH��
GHSHQGLQJ�RQ�KRZ�WKH\�DUH�FRQILJXUHG�YLD�WKHLU�/�5�LQSXW�� 

t dv t dz

Data(R)

Data(L)

PDM_DATA

PDM_CLK

Right 
data

Right 
data

Right 
data

Right 
data

Right 
data

Right 
data

Left 
data

Left 
data

Left 
data

Left 
data  

	��ǤͳͻǦͶ���������������������������������������� 
19.3.3 'LJLWDO�)LOWHU 
7KH�H[WHUQDO�3'0�0,&�JHQHUDWHV�D�3'0�VWUHDP�RI�ELWV�DQG�WUDQVIHUV�LW�LQ�RQH�SHULRG�RU�RQH�
KDOI�SHULRG�RI�WKH�FORFN�SURYLGHG�E\�WKH�3'0��7KH�DLP�RI�WKH�3'0�LV�WR�SURFHVV�GDWD�IURP�WKH�
3'0�LQWHUIDFH��GHFLPDWH�DQG�ILOWHU�WKH�GDWD��DQG�VWRUH�WKH�SURFHVVHG�GDWD�LQ�WKH�),)2� 
7KH�IRXU�SDWKV�DUH�LGHQWLFDO��(DFK�SDWK�LV�FRPSRVHG�RI�D�OHIW�DQG�D�ULJKW�FKDQQHO��7KH�3'0�
LQWHUIDFH�GHOLYHUV�HLJKW�SDUDOOHO�GDWD�RI��ELW��(DFK�ELW�JRHV�WR�D�ILOWHU��7KH�DLP�RI�WKH�ILOWHU�LV�
WR�OLPLW�WKH�QRLVH�DQG�H[SRUW�3&0�IRUPDW�DXGLR�GDWD� 
19.3.4 )UHTXHQF\�&RQILJXUDWLRQ 
0&/.�LV�WKH�VRXUFH�FORFN�VLJQDO��3'0B&/.�LV�WKH�RXWSXW�FORFNV�JHQHUDWHG�LQ�WKH�3'0�DQG�LV�
IHG�WR�WKH�H[WHUQDO�PLFURSKRQHV��7KH\�DUH�DOVR�WKH�LQWHUQDO�FORFN�RI�WKH�H[WHUQDO�
PLFURSKRQHV��8VHU�PXVW�WDNH�FDUH�DERXW�WKH�IUHTXHQF\�RI�3'0B&/.�ZKHQ�VHOHFWLQJ�WKH�
VRXUFH�FORFN��0&/.�� 

Frac_
clkdiv

gating

Int_
clkdiv

0

1

o_fifo_clk

o_pdm_clk20x

scan_clk

pdm_clk

o_pdm_clk

O_asp_clk

1

0

mclk

scan_clk

Int_
clkdiv  

	��ǤͳͻǦͷ�������������������� 
dĂďůĞ�ϭϵͲϭ���������������������̴������������������� 

3'0B&/. 6DPSOH�5DWH 
�����0+] ��N+]���N+]���N+]���N+]����N+] 
������0+] ������N+]������N+]�����N+]�����N+]������N+] 
�����0+] �N+]���N+]���N+]���N+]����N+] 

19.4 Register Description 
19.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
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19.4.2 5HJLVWHUV�6XPPDU\�  
�1DPH 2IIVHW 6L]H 5HVHW�

9DOXH 'HVFULSWLRQ �  

3'0B6<6&21),* �[���� : �[�������� 3'0�6\VWHP�&RQILJXUH�5HJLVWHU 
3'0B&75/� �[���� : �[�������� 3'0�&RQWURO�5HJLVWHU�� 
3'0B&75/� �[���� : �[�EE�HD�� 3'0�&RQWURO�5HJLVWHU�� 
3'0B&/.B&75/ �[���F : �[����H��� 3'0�&ORFN�&RQWURO�5HJLVWHU 
3'0B+3)B&75/ �[���� : �[�������� 3'0�+LJK�SDVV�)LOWHU�&RQWURO�5HJLVWHU 
3'0B),)2B&75/ �[���� : �[�������� 3'0�),)2�&RQWURO�5HJLVWHU 
3'0B'0$B&75/ �[���� : �[�������I 3'0�'0$�&RQWURO�5HJLVWHU 
3'0B,17B(1 �[���F : �[�������� 3'0�,QWHUUXSW�(QDEOH�5HJLVWHU 
3'0B,17B&/5 �[���� : �[�������� 3'0�,QWHUUXSW�&OHDU�5HJLVWHU 
3'0B,17B67 �[���� : �[�������� 3'0�,QWHUUXSW�6WDWXV�5HJLVWHU 
3'0B5;),)2B'$7$B5(* �[���� : �[�������� 3'0�5HFHLYH�),)2�'DWD�5HJLVWHU 
3'0B'$7$�5B5(* �[���� : �[�������� 3'0�3DWK��5LJKW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�/B5(* �[���� : �[�������� 3'0�3DWK��/HIW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�5B5(* �[���F : �[�������� 3'0�3DWK��5LJKW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�/B5(* �[���� : �[�������� 3'0�3DWK��/HIW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�5B5(* �[���� : �[�������� 3'0�3DWK��5LJKW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�/B5(* �[���� : �[�������� 3'0�3DWK��/HIW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�5B5(* �[���F : �[�������� 3'0�3DWK��5LJKW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$�/B5(* �[���� : �[�������� 3'0�3DWK��/HIW�&KDQQHO�'DWD�5HJLVWHU 
3'0B'$7$B9$/,' �[���� : �[�������� 3'0�3DWK�'DWD�9DOLG�5HJLVWHU 
3'0B9(56,21 �[���� : �[�������� 3'0�9HUVLRQ�5HJLVWHU 
3'0B,1&5B5;'5 �[���� : �[�������� ,QFUHPHQW�$GGUHVV�5HFHLYH�),)2�'DWD�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  
19.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
3'0B6<6&21),*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
U[BVWDUW 
5;�WUDQVIHU�VWDUW�ELW 
�
E���6WRS�5;�WUDQVIHU 
�
E���6WDUW�5;�WUDQVIHU 

� 52 �[� UHVHUYHG 

� 5: �[� 

U[BFOU 
3'0�5;�ORJLF�FOHDU 
7KLV�LV�D�VHOI�FOHDUHG�ELW��+LJK�DFWLYH� 
:ULWH��
E���&OHDU�5;�ORJLF 
:ULWH��
E���1R�DFWLRQ 
5HDG��
E���&OHDU�RQJRLQJ 
5HDG��
E���&OHDU�GRQH 

 
3'0B&75/��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

VMPBVHO 
6WRUH�MXVWLILHG�PRGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 
��ELWa��ELW�'$7$�VWRUHG�LQ����ELWV�ZLGWK�),)2� 
,I�9':�VHOHFW���ELW�GDWD��WKLV�ELW�LV�YDOLG�RQO\�ZKHQ�+:7�VHOHFW�
���%HFDXVH�LI�+:7�LV����HYHU\�),)2�XQLW�FRQWDLQV�WZR���ELW�GDWD�
DQG����ELW�VSDFH�LV�IXOO��LW�LV�LPSRVVLEOH�WR�FKRRVH�MXVWLILHG�PRGH� 
�
E���5LJKW�MXVWLILHG 
�
E���/HIW�MXVWLILHG 

�� 5: �[� 
SDWK�BHQ 
3DWK���HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

�� 5: �[� 
SDWK�BHQ 
3DWK���HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

�� 5: �[� 
SDWK�BHQ 
3DWK���HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

�� 5: �[� 
SDWK�BHQ 
3DWK���HQDEOH 
�
E���(QDEOH 
�
E���'LVDEOH 

�� 5: �[� 

KZWBHQ 
+DOIZRUG�ZRUG�WUDQVIRUP 
2QO\�YDOLG�ZKHQ�9':�VHOHFW���ELW�GDWD� 
�
E������ELW�GDWD�YDOLG�WR�$+%�$3%�EXV��/RZ����ELW�IRU�OHIW�
FKDQQHO�DQG�KLJK����ELW�IRU�ULJKW�FKDQQHO� 
�
E���/RZ���ELW�GDWD�YDOLG�WR�$+%�$3%�EXV��KLJK����ELW�GDWD�
LQYDOLG 

�� 5: �[� 

ILOWHUBJDWHBHQ 
)LOWHU�JDWH�HQDEOH 
,I�VRPH�ILOWHUV�QRW�ZRUN��WKH�ILOWHU�DQG�LWV�FRUUHVSRQGLQJ�PHPRU\�
FORFN�ZLOO�EH�JDWHG�LI�ILOWHUBJDWHBHQ�LV��
E���RWKHUZLVH�WKH�FORFN�
ZLOO�EH�VWLOO�DFWLYH� 

�� 5: �[� 

VLJBVFDOHBPRGH 
6LJQDO�VFDOH�PRGH�VHOHFW 
�
E���&,&�RXWSXWV�WKH�QRUPDO�ODWLWXGH� 
�
E���6FDOH�WKH�&,&�RXWSXWV�WR�KDOI�RI�WKH�QRUPDO�ODWLWXGH�DQG�
VFDOH���WLPHV�DIWHU�KSI�ILOWHU� 

����� 5: �[�� LQWBGLYB��[BFRQ 
,QWHJHU�GLYLGHU�IRU�3'0�ILOWHU�RSHUDWLRQ� 

���� 5: �[�� 
LQWBGLYBFRQ 
,QWHJHU�GLYLGHU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VDPSOHBUDWHBVHO 
6HOHFWV�ZKLFK�NLQG�RI�VDPSOH�UDWH� 
�
E�������N+]�������N+]��N+] 
�
E�������N+]������N+]���N+] 
�
E�������N+] 
�
E�������N+]�����N+] 
�
E�������N+]�����N+]���N+] 
�
E���a�
E��������N+]������N+]����N+] 

��� 5: �[�� 

GDWDBYOGBZLGWK 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 
9DOLG�'DWD�ZLGWK 
�a����5HVHUYHG 
������ELW 
������ELW 
������ELW 
������ELW 
������ 
Q���Q���ELW 
������ 
������ELW 

 
3'0B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[�EE� 
IUDFBGLYBQXPHUDWRU 
)UDFWLRQ�GLYLGHU�QXPHUDWRU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 

���� 5: �[HD�� 
IUDFBGLYBGHQRPRQDWRU 
)UDFWLRQ�GLYLGHU�GHQRPLQDWRU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 

 
3'0B&/.B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� 5: �[� 

U[BSDWKBVHOHFW� 
5;�3DWK�6HOHFW 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 

����� 5: �[� 

U[BSDWKBVHOHFW� 
5;�3DWK�6HOHFW 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 

����� 5: �[� 

U[BSDWKBVHOHFW� 
5;�3DWK�6HOHFW 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

U[BSDWKBVHOHFW� 
5;�3DWK�6HOHFW 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 
�
E����3DWK��GDWD�IURP�3'0�GDWD� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

SGPBFONBHQ 
3'0�FON�HQDEOH��ZRUNLQJ�DW�3'0�PRGH� 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 
�
E���3'0�FON�GLVDEOH 
�
E���3'0�FON�HQDEOH 

� 5: �[� 

GLYBW\SHBVHO 
'LYLGHU�W\SH�VHOHFW�VLJQDO 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�6<6&21),*>�@�LV��� 
�
E���)UDFWLRQ�GLYLGHU 
�
E���,QWHJHU�GLYLGHU 

� 5: �[� 
OUBFKBH[ 
/HIW�DQG�ULJKW�FKDQQHO�GDWD�H[FKDQJH 
�
E���1RW�LQYHUWHG 
�
E���,QYHUWHG 

� 5: �[� 
ILUBFRPBESV 
)LU�FRPSHQVDWH�ILOWHU�E\SDVV 
�
E���1RW�E\SDVV 
�
E���%\SDVV 

��� 5: �[� 

FLFBGVBUDWLR 
&,&�ILOWHU�GHFLPDWLRQ�UDWLR 
�
E�������WLPHV�GHFLPDWLRQ 
�
E������WLPHV�GHFLPDWLRQ 
�
E������WLPHV�GHFLPDWLRQ 
RWKHU����WLPHV�GHFLPDWLRQ 

 
3'0B+3)B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
KSIOH 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�OHIW�FKDQQHO 
�
E���+LJK�SDVV�ILOWHU�IRU�ULJKW�FKDQQHO�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�IRU�ULJKW�FKDQQHO�LV�HQDEOHG� 

� 5: �[� 
KSIUH 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�ULJKW�FKDQQHO 
�
E���+LJK�SDVV�ILOWHU�IRU�ULJKW�FKDQQHO�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�IRU�ULJKW�FKDQQHO�LV�HQDEOHG� 

��� 5: �[� 

KSIBFI 
+LJK�SDVV�ILOWHU�FRQILJXUH 
�
E��������+] 
�
E������+] 
�
E�������+] 
�
E�������+] 

 
3'0B),)2B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  683 

�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�� 

UIW 
5HFHLYH�),)2�WKUHVKROG 
:KHQ�WKH�QXPEHU�RI�UHFHLYH�),)2�HQWULHV�LV�PRUH�WKDQ�RU�HTXDO�
WR�WKLV�WKUHVKROG�SOXV����WKH�UHFHLYH�),)2�WKUHVKROG�LQWHUUXSW�LV�
WULJJHUHG� 

��� 52 �[�� 
UIO 
5HFHLYH�),)2�OHYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�UHFHLYH�),)2� 

 
3'0B'0$B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
UGH 
5HFHLYH�'0$�HQDEOH 
�
E���5HFHLYH�'0$�GLVDEOHG�  
�
E���5HFHLYH�'0$�HQDEOHG 

� 52 �[� UHVHUYHG 

��� 5: �[�I 

UGO 
5HFHLYH�GDWD�OHYHO 
7KLV�ELW�ILHOG�FRQWUROV�WKH�OHYHO�DW�ZKLFK�D�'0$�UHTXHVW�LV�PDGH�
E\�WKH�UHFHLYH�ORJLF��7KH�ZDWHUPDUN�OHYHO� �'0$5'/����WKDW�LV��
GPDBU[BUHT�LV�JHQHUDWHG�ZKHQ�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�
LQ�WKH�UHFHLYH�),)2�LV�HTXDO�WR�RU�DERYH�WKLV�ILHOG�YDOXH����� 

 
3'0B,17B(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
U[RLH 
5;�RYHUIORZ�LQWHUUXSW�HQDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
U[IWLH 
5;�IXOO�WKUHVKROG�LQWHUUXSW�HQDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

 
3'0B,17B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� U[RLF 

5;�RYHUIORZ�LQWHUUXSW�FOHDU��KLJK�DFWLYH�DQG�DXWR�FOHDUHG�� 
 
3'0B,17B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 
U[RL 
5;�RYHUIORZ�LQWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
U[IL 
5;�IXOO�LQWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
3'0B5;),)2B'$7$B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
U[GU 
5HFHLYH�),)2�VKDGRZ�UHJLVWHU 
:KHQ�WKH�UHJLVWHU�LV�UHDG��GDWD�LQ�WKH�UHFHLYH�),)2�LV�DFFHVVHG� 

 
3'0B'$7$�5B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�U 'DWD�RI�WKH�SDWK���ULJKW�FKDQQHO 
 
3'0B'$7$�/B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�O 'DWD�RI�WKH�SDWK���OHIW�FKDQQHO 
 
3'0B'$7$�5B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�U 'DWD�RI�WKH�SDWK���ULJKW�FKDQQHO 
 
3'0B'$7$�/B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�O 'DWD�RI�WKH�SDWK���OHIW�FKDQQHO 
 
3'0B'$7$�5B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�U 'DWD�RI�WKH�SDWK���ULJKW�FKDQQHO 
 
3'0B'$7$�/B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�O 'DWD�RI�WKH�SDWK���OHIW�FKDQQHO 
 
3'0B'$7$�5B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�U 'DWD�RI�WKH�SDWK���ULJKW�FKDQQHO 
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3'0B'$7$�/B5(*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� GDWD�O 'DWD�RI�WKH�SDWK���OHIW�FKDQQHO 
 
3'0B'$7$B9$/,'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� :2 �[� 
SDWK�BYOG 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�LQYDOLG� 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�YDOLG� 

� :2 �[� 
SDWK�BYOG 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�LQYDOLG� 
�
E���'$7�5B5(*��'$7$�/B5(*�YDOXH�LV�YDOLG� 

� :2 �[� 
SDWK�BYOG 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�LQYDOLG� 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�YDOLG� 

� :2 �[� 
SDWK�BYOG 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�LQYDOLG� 
�
E���'$7$�5B5(*��'$7$�/B5(*�YDOXH�LV�YDOLG� 

 
3'0B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� YHUVLRQ 3'0�YHUVLRQ 
 
3'0B,1&5B5;'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
UHFHLYHBILIRBGDWD 
),)2�GDWD�FDQ�EH�UHDG�IURP�WKHVH�UHJLVWHUV��7KLV�UHJLVWHU�LV�XVHG�
ZKHQ�WKH�DFFHVV�DGGUHVV�LV�LQFUHPHQW� 

19.5 Interface Description 
7KHUH�DUH�WKUHH�JURXSV�RI�3'0�,2�LQWHUIDFHV�HPEHGGHG�LQ�WKH�FKLS��)ROORZLQJ�ILJXUH�VKRZV�
WKH�JURXS����JURXS���DQG�JURXS���3'0�,2�LQWHUIDFH�UHVSHFWLYHO\� 

������ͳͻǦʹ�
�����Ͳ����������������������������� 
Module Pin Dir. Pin Name IOMUX Setting 

RBSGPBFON O ,2B,�6�OUFNU[P�B8$57�W[P�B3'0FON�P�B$8',
23:0URXWSB9&&,2�*3,2�D� GRF_GPIO1A_IOMUX_H[10:8]=3¶b011 

RBSGPBFON O ,2B,�6�VFONU[P�B8$57�U[P�B3'0FON�P�B63',)
W[P�B9&&,2�*3,2�D� GRF_GPIO1A_IOMUX_H[2:0]=3¶b011 

LBSGPBGDWD� I ,2B,�6�VGL�P�B3'0VGL�P�B9&&,2�*3,2�E� GRF_GPIO1B_IOMUX_L[14:12]=3¶b010 

LBSGPBGDWD� I ,2B,�6�VGR�P�B,�6�VGL�P�B3'0VGL�P�B3&,(��
SHUVWQP�B9&&,2�*3,2�E� GRF_GPIO1B_IOMUX_L[10:8]=3¶b011 

LBSGPBGDWD� I ,2B,�6�VGR�P�B,�6�VGL�P�B3'0VGL�P�B3&,(��
ZDNHQP�B$&2'(&DGFBV\QFB9&&,2�*3,2�E� GRF_GPIO1B_IOMUX_L[6:4]=3¶b011 

LBSGPBGDWD� I ,2B,�6�VGR�P�B,�6�VGL�P�B3'0VGL�P�B3&,(��
FONUHTQP�B$&2'(&GDFBGDWDUB9&&,2�*3,2�E� GRF_GPIO1B_IOMUX_L[2:0]=3¶b011 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO 
������ͳͻǦ͵�
�����ͳ����������������������������� 

Module Pin Dir. Pin Name IOMUX Setting 

RBSGPBFON O ,2B&,)G�B(%&VGGR�B*0$&�W[G�P�B8$57�W[P�
B3'0FON�P�B9&&,2�*3,2�G� GRF_GPIO3D_IOMUX_H[10:8]=3¶b101 

RBSGPBFON O ,2B&,)G��B(%&VGGR��B*0$&�W[FONP�B3'0FON�
P�B9&&,2�*3,2�D� GRF_GPIO4A_IOMUX_L[2:0]=3¶b100 
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LBSGPBGDWD� I ,2B&,)G�B(%&VGGR�B*0$&�W[G�P�B8$57�U[P�
B3'0VGL�P�B9&&,2�*3,2�G� GRF_GPIO3D_IOMUX_H[14:12]=3¶b101 

LBSGPBGDWD� I ,2B&,)G��B(%&VGGR��B*0$&�U[G�P�B3'0VGL�
P�B9&&,2�*3,2�D� GRF_GPIO4A_IOMUX_L[6:4]=3¶b100 

LBSGPBGDWD� I ,2B&,)G��B(%&VGGR��B*0$&�U[G�P�B8$57�W[
P�B3'0VGL�P�B9&&,2�*3,2�D� GRF_GPIO4A_IOMUX_L[10:8]=3¶b101 

LBSGPBGDWD� I ,2B&,)G��B(%&VGGR��B*0$&�U[FONP�B8$57�U[
P�B3'0VGL�P�B9&&,2�*3,2�D� GRF_GPIO4A_IOMUX_L[14:12]=3¶b101 

������ͳͻǦͶ�
�����ʹ����������������������������� 
Module Pin Dir. Pin Name IOMUX Setting 

RBSGPBFON O ,2B3:0��P�B923SZPP�B*0$&�PGFP�B8$57
�W[P�B3'0FON�P�B9&&,2�*3,2�F� GRF_GPIO3C_IOMUX_H[2:0]=3¶b101 

LBSGPBGDWD� I IO_LCDCd18_BT1120d9_GMAC1rxdvcrsm0_I2C5s
clm0_PDMsdi0m2_VCCIO5GPIO3b3 GRF_GPIO3B_IOMUX_L[14:12]=3¶b101 

LBSGPBGDWD� I IO_LCDCd19_BT1120d10_GMAC1rxerm0_I2C5sda
m0_PDMsdi1m2_VCCIO5GPIO3b4 GRF_GPIO3B_IOMUX_H[2:0]=3¶b101 

LBSGPBGDWD� I IO_LCDCd22_PWM12m0_GMAC1txenm0_UART3tx
m1_PDMsdi2m2_VCCIO5GPIO3b7 GRF_GPIO3B_IOMUX_H[14:12]=3¶b101 

LBSGPBGDWD� I IO_LCDCd23_PWM13m0_GMAC1mclkinoutm0_UA
RT3rxm1_PDMsdi3m2_VCCIO5GPIO3c0 GRF_GPIO3C_IOMUX_L[2:0]=3¶b101 
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19.6 Application Notes 

Disable PDM receiver 
by writing  0x0 to PDM_SYSCONFIG[2]

Select work mode 
by writing  0x0 to PDM_CTRL0[31]

Enable audio path, Select sample resolution 
by writing PDM_CTRL0

Configure PDM clock 
by writing PDM_CLK_CTRL

Execute a clear operation
by writing 0x1 to PDM_SYSCONFIG[0]

Read PDM_SYSCONFIG[0]

PDM_SYSCONFIG[0]=1

Enable PDM receiver
by writing 0x1 to PDM_SYSCONFIG[2]  

Configure PDM DMA 
by writing PDM_DMA_CTRL

Configure PDM FIFO 
by writing PDM_FIFO_CTRL

 
	��ǤͳͻǦ���������������	��� 
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Chapter 20 SPDIF Transmitter 
20  

20.1 Overview 
7KH�63',)�WUDQVPLWWHU�LV�D�VHOI�FORFNLQJ��VHULDO��XQLGLUHFWLRQDO�LQWHUIDFH�IRU�WKH�
LQWHUFRQQHFWLRQ�RI�GLJLWDO�DXGLR�HTXLSPHQW�IRU�FRQVXPHU�DQG�SURIHVVLRQDO�DSSOLFDWLRQV��XVLQJ�
OLQHDU�3&0�FRGHG�DXGLR�VDPSOHV��  
,W�SURYLGHV�WKH�EDVLF�VWUXFWXUH�RI�WKH�LQWHUIDFH��6HSDUDWH�GRFXPHQWV�GHILQH�LWHPV�VSHFLILF�WR�
SDUWLFXODU�DSSOLFDWLRQV��  
:KHQ�XVHG�LQ�D�SURIHVVLRQDO�DSSOLFDWLRQ��WKH�LQWHUIDFH�LV�SULPDULO\�LQWHQGHG�WR�FDUU\�
PRQRSKRQLF�RU�VWHUHRSKRQLF�SURJUDPPHV��DW�D����N+]�VDPSOLQJ�IUHTXHQF\�DQG�ZLWK�D�
UHVROXWLRQ�RI�XS�WR���ELWV�SHU�VDPSOH��LW�PD\�DOWHUQDWLYHO\�EH�XVHG�WR�FDUU\�VLJQDOV�VDPSOHG�
DW����N+]�RU������N+]��  
:KHQ�XVHG�LQ�D�FRQVXPHU�DSSOLFDWLRQ��WKH�LQWHUIDFH�LV�SULPDULO\�LQWHQGHG�WR�FDUU\�
VWHUHRSKRQLF�SURJUDPPHV��ZLWK�D�UHVROXWLRQ�RI�XS�WR����ELWV�SHU�VDPSOH��DQ�H[WHQVLRQ�WR����
ELWV�SHU�VDPSOH�EHLQJ�SRVVLEOH��  
:KHQ�XVHG�IRU�RWKHU�SXUSRVHV��WKH�LQWHUIDFH�LV�SULPDULO\�LQWHQGHG�WR�FDUU\� � �DXGLR�GDWD�
FRGHG�RWKHU�WKDQ�DV�OLQHDU�3&0�FRGHG�DXGLR�VDPSOHV��3URYLVLRQ�LV�DOVR�PDGH�WR�DOORZ�WKH�
LQWHUIDFH�WR�FDUU\�GDWD�UHODWHG�WR�FRPSXWHU�VRIWZDUH�RU� � � VLJQDOV�FRGHG�XVLQJ�QRQ�OLQHDU�
3&0��7KH�IRUPDW�VSHFLILFDWLRQ�IRU�WKHVH�DSSOLFDWLRQV�LV�QRW�SDUW�RI�WKLV�VWDQGDUG��  
,Q�DOO�FDVHV��WKH�FORFN�UHIHUHQFHV�DQG�DX[LOLDU\�LQIRUPDWLRQ�DUH�WUDQVPLWWHG�DORQJ�ZLWK�WKH�
SURJUDPPH� 
,W�VXSSRUWV�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�RQH�LQWHUQDO����ELW�ZLGH�DQG����ORFDWLRQ�GHHS�VDPSOH�GDWD�EXIIHU 
z 6XSSRUW�WZR����ELW�DXGLR�GDWD�VWRUH�WRJHWKHU�LQ�RQH����ELW�ZLGH�ORFDWLRQ 
z 6XSSRUW�$+%�EXV�LQWHUIDFH 
z 6XSSRUW�ELSKDVH�IRUPDW�VWHUHR�DXGLR�GDWD�RXWSXW 
z 6XSSRUW�'0$�KDQGVKDNH�LQWHUIDFH�DQG�FRQILJXUDEOH�'0$�ZDWHU�OHYHO 
z 6XSSRUW�VDPSOH�GDWD�EXIIHU�HPSW\�DQG�EORFN�WHUPLQDWH�LQWHUUXSW 
z 6XSSRUW�FRPELQH�LQWHUUXSW�RXWSXW 
z 6XSSRUW����WR����ELW�DXGLR�GDWD�OHIW�RU�ULJKW�MXVWLILHG�LQ����ELW�ZLGH�VDPSOH�GDWD�EXIIHU 
z 6XSSRUW�������������N+]�VDPSOH�UDWH 
z 6XSSRUW������������ELWV�DXGLR�GDWD�WUDQVIHU 

20.2 Block Diagram 

System
Interface

Parallel 
Audio 
Buffer

Serial 
Audio

Generator

Clock
Divider

Biphase
Audio 

Generator

AHB BUS

dma 
interface

interrupt 
interface

biphase 
output

 
Fig.20-1 SPDIF transmitter Block Diagram 

7KH�63',)�LV�FRPSRVHG�E\��  
6\VWHP�,QWHUIDFH 
7KH�V\VWHP�LQWHUIDFH�LPSOHPHQWV�WKH�$+%�VODYH�RSHUDWLRQ��,W�FRQWDLQV�QRW�RQO\�FRQWURO�
UHJLVWHUV�RI�WUDQVPLWWHUV�DQG�UHFHLYHU�LQVLGH�EXW�DOVR�LQWHUUXSW�DQG�'0$�KDQGVKDNLQJ�
LQWHUIDFH� 
&ORFN�'LYLGHU 
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7KH�FORFN�GLYLGHU�LPSOHPHQWV�FORFN�JHQHUDWLRQ�IXQFWLRQ��,W�GLYLGHV�WKH�WKH�VRXUFH�FORFN�0&/.�
WR�JHQHUDWH�WKH�ZRUNLQJ�FORFN�XVHG�IRU�WKH�GLJLWDO�DXGLR�GDWD�WUDQVIRUPDWLRQ�DQG�
WUDQVPLVVLRQ� 
3DUDOOHO�$XGLR�%XIIHU 
7KH�SDUDOOHO�DXGLR�EXIIHU�VWRUHV�WKH�DXGLR�GDWD�WR�EH�WUDQVPLWWHG��7KH�VL]H�RI�WKH�),)2�LV�
��ELWV�[���� 
6HULDO�$XGLR�&RQYHUWHU 
7KH�VHULDO�DXGLR�FRQYHUWHU�FRQYHUWV�WKH�SDUDOOHO�DXGLR�GDWD�IURP�WKH�SDUDOOHO�DXGLR�EXIIHU�WR�
WKH�VHULDO�DXGLR�GDWD� 
%LSKDVH�$XGLR�*HQHUDWRU 
7KH�ELSKDVH�DXGLR�JHQHUDWRU�UHDGV�VHULDO�DXGLR�GDWD�IURP�WKH�VHULDO�DXGLR�FRQYHUWHU�DQG�
JHQHUDWHV�ELSKDVH�DXGLR�GDWD�EDVHG�RQ�,(&�������VWDQGDUG� 

20.3 Function description 
20.3.1 )UDPH�)RUPDW 
$�IUDPH�LV�XQLTXHO\�FRPSRVHG�RI�WZR�VXE�IUDPHV��)RU�OLQHDU�FRGHG�DXGLR�DSSOLFDWLRQV��WKH�
UDWH�RI�WUDQVPLVVLRQ�RI�IUDPHV�FRUUHVSRQGV�H[DFWO\�WR�WKH�VRXUFH�VDPSOLQJ�IUHTXHQF\��  
,Q�WKH���FKDQQHO�RSHUDWLRQ�PRGH��WKH�VDPSOHV�WDNHQ�IURP�ERWK�FKDQQHOV�DUH�WUDQVPLWWHG�E\�
WLPH�PXOWLSOH[LQJ�LQ�FRQVHFXWLYH�VXE�IUDPHV��7KH�ILUVW�VXE�IUDPH�OHIW�FKDQQHO�LQ�
VWHUHRSKRQLF�RSHUDWLRQ�DQG�SULPDU\�FKDQQHO�LQ�PRQRSKRQLF�RSHUDWLRQ��QRUPDOO\�XVH�
SUHDPEOH�0��+RZHYHU��WKH�SUHDPEOH�LV�FKDQJHG�WR�SUHDPEOH�%�RQFH�HYHU\�����IUDPH�WR�
LGHQWLI\�WKH�VWDUW�RI�WKH�EORFN�VWUXFWXUH�XVHG�WR�RUJDQL]H�WKH�FKDQQHO�VWDWXV�LQIRUPDWLRQ��7KH�
VHFRQG�VXE�IUDPH��ULJKW�LQ�VWHUHRSKRQLF�RSHUDWLRQ�DQG�VHFRQGDU\�FKDQQHO�LQ�PRQRSKRQLF�
RSHUDWLRQ��DOZD\V�XVH�SUHDPEOH�:��  

M left W right B left W right M left W right

Frame 191 Frame 0

Frame 1
End of block Start of block

Sub-frame Sub-frame

 
Fig.20-2 SPDIF Frame Format 

,Q�WKH�VLQJOH�FKDQQHO�RSHUDWLRQ�PRGH�LQ�D�SURIHVVLRQDO�DSSOLFDWLRQ��WKH�IUDPH�IRUPDW�LV�WKH�
VDPH�DV�LQ�WKH���FKDQQHO�PRGH��'DWD�LV�FDUULHG�RQO\�LQ�WKH�ILUVW�VXE�IUDPH�DQG�PD\�EH�
GXSOLFDWHG�LQ�WKH�VHFRQG�VXE�IUDPH��,I�WKH�VHFRQG�VXE�IUDPH�LV�QRW�FDUU\LQJ�GXSOLFDWH�GDWD��
WKHQ�WLPH�VORW�����YDOLGLW\�IODJ��VKDOO�EH�VHW�WR�ORJLFDO�µ�¶��QRW�YDOLG�� 
20.3.2 6XE�IUDPH�)RUPDW 

Preamble Aux Audio sample word V U C P

Parity bit

Validity flag
User data

Channel status

0 3 27874 31302928

 
Fig.20-3 SPDIF Sub-frame Format 

(DFK�VXE�IUDPH�LV�GLYLGHG�LQWR����WLPH�VORWV��QXPEHUHG�IURP���WR�����7LPH�VORW���WR���
FDUULHV�RQH�RI�WKH�WKUHH�SHUPLWWHG�SUHDPEOHV��7LPH�VORW���WR����FDUU\�WKH�DXGLR�VDPSOH�ZRUG�
LQ�OLQHDU��¶V�FRPSOHPHQW�UHSUHVHQWDWLRQ��7KH�06%�LV�FDUULHG�E\�WLPH�VORW�����:KHQ�D����ELW�
FRGLQJ�UDQJH�LV�XVHG��WKH�/6%�LV�LQ�WLPH�VORW����:KHQ�D����ELW�FRGLQJ�UDQJH�LV�XVHG��WLPH�VORW�
��WR����FDUU\�WKH�DXGLR�VDPSOH�ZRUG�ZLWK�WKH�/6%�LQ�WLPH�VORW���7LPH�VORW���WR���PD\�EH�
XVHG�IRU�RWKHU�DSSOLFDWLRQ��8QGHU�WKHVH�FLUFXPVWDQFHV��WKH�ELWV�LQ�WKH�WLPH�VORW���WR���DUH�
GHVLJQDWHG�DX[LOLDU\�VDPSOH�ELWV��  
,I�WKH�VRXUFH�SURYLGHV�IHZHU�ELWV�WKDQ�WKH�LQWHUIDFH�DOORZV��HLWKHU����RU�����WKH�XQXVHG�/6%V�
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DUH�VHW�WR�D�ORJLFDO�µ�¶��)RU�D�QRQ�OLQHDU�3&0�DXGLR�DSSOLFDWLRQ�RU�D�GDWD�DSSOLFDWLRQ�WKH�PDLQ�
GDWD�ILHOG�PD\�FDUU\�DQ\�RWKHU�LQIRUPDWLRQ��7LPH�VORW����FDUULHV�WKH�YDOLGLW\�IODJ�DVVRFLDWHG�
ZLWK�WKH�PDLQ�GDWD�ILHOG��7LPH�VORW����FDUULHV���ELW�RI�WKH�XVHU�GDWD�DVVRFLDWHG�ZLWK�WKH�DXGLR�
FKDQQHO�WUDQVPLWWHG�LQ�WKH�VDPH�VXE�IUDPH��7LPH�VORW����FDUULHV�RQH�ELW�RI�WKH�FKDQQHO�
VWDWXV�ZRUGV�DVVRFLDWHG�ZLWK�WKH�PDLQ�GDWD�ILHOG�FKDQQHO�WUDQVPLWWHG�LQ�WKH�VDPH�VXE�IUDPH��
7LPH�VORW����FDUULHV�D�SDULW\�ELW�VXFK�WKDW�WLPH�VORWV���WR����LQFOXVLYH�FDUULHV�DQ�HYHQ�
QXPEHU�RI�RQHV�DQG�DQ�HYHQ�QXPEHU�RI�]HURV� 
20.3.3 &KDQQHO�&RGLQJ 

Serial audio data

Biphase output
(start with 1)

Biphase output
(start with 0)

111

1111111

111

111 1

000000

0000

0000000

0

 
Fig.20-4 SPDIF Channel Coding 

7R�PLQLPL]H�WKH�GLUHFW�FXUUHQW�FRPSRQHQW�RQ�WKH�WUDQVPLVVLRQ�OLQH��WR�IDFLOLWDWH�FORFN�
UHFRYHU\�IURP�WKH�GDWD�VWUHDP�DQG�WR�PDNH�WKH�LQWHUIDFH�LQVHQVLWLYH�WR�WKH�SRODULW\�RI�
FRQQHFWLRQV��WLPH�VORWV���WR����DUH�HQFRGHG�LQ�ELSKDVH�PDUN��  
(DFK�ELW�WR�EH�WUDQVPLWWHG�LV�UHSUHVHQWHG�E\�D�V\PERO�FRPSULVLQJ�WZR�FRQVHFXWLYH�ELQDU\�
VWDWHV��7KH�ILUVW�VWDWH�RI�D�V\PERO�LV�DOZD\V�GLIIHUHQW�IURP�WKH�VHFRQG�VWDWH�RI�WKH�SUHYLRXV�
V\PERO��7KH�VHFRQG�VWDWH�RI�WKH�V\PERO�LV�LGHQWLFDO�WR�WKH�ILUVW�LI�WKH�ELW�WR�EH�WUDQVPLWWHG�LV�
ORJLFDO�µ�¶�+RZHYHU��LW�LV�GLIIHUHQW�IURP�WKH�ILUVW�LI�WKH�ELW�LV�ORJLFDO�µ�¶� 
20.3.4 3UHDPEOH 
3UHDPEOHV�DUH�VSHFLILF�SDWWHUQV�SURYLGLQJ�V\QFKURQL]DWLRQ�DQG�LGHQWLILFDWLRQ�RI�WKH�VXE�
IUDPHV�DQG�EORFNV��  
7R�DFKLHYH�V\QFKURQL]DWLRQ�ZLWKLQ�RQH�VDPSOLQJ�SHULRG�DQG�WR�PDNH�WKLV�SURFHVV�FRPSOHWHO\�
UHOLDEOH��WKHVH�SDWWHUQV�YLRODWH�WKH�ELSKDVH�PDUN�FRGH�UXOHV��WKHUHE\�DYRLGLQJ�WKH�SRVVLELOLW\�
RI�GDWD�LPLWDWLQJ�WKH�SUHDPEOHV��  
$�VHW�RI�WKUHH�SUHDPEOHV�LV�XVHG��7KHVH�SUHDPEOHV�DUH�WUDQVPLWWHG�LQ�WKH�WLPH�DOORFDWHG�WR�
IRXU�WLPH�VORWV��WLPH�VORWV���WR����DQG�DUH�UHSUHVHQWHG�E\�HLJKW�VXFFHVVLYH�VWDWHV��7KH�ILUVW�
VWDWH�RI�WKH�SUHDPEOH�LV�DOZD\V�GLIIHUHQW�IURP�WKH�VHFRQG�VWDWH�RI�WKH�SUHYLRXV�V\PERO��  
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1111
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Fig.20-5 SPDIF Preamble 
/LNH�ELSKDVH�FRGH��WKHVH�SUHDPEOHV�DUH�GF�IUHH�DQG�SURYLGH�FORFN�UHFRYHU\��7KH\�GLIIHU�LQ�DW�
OHDVW�WZR�VWDWHV�IURP�DQ\�YDOLG�ELSKDVH�VHTXHQFH� 
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20.4 Register Description 
20.4.1 5HJLVWHUV�6XPPDU\ 

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

63',)B&)*5 �[���� : �[�������� 7UDQVIHU�&RQILJXUDWLRQ�5HJLVWHU 
63',)B6'%/5 �[���� : �[�������� 6DPSOH�'DWH�%XIIHU�/HYHO�5HJLVWHU 
63',)B'0$&5 �[���� : �[�������� '0$�&RQWURO�5HJLVWHU 
63',)B,17&5 �[���& : �[�������� ,QWHUUXSW�&RQWURO�5HJLVWHU 
63',)B,1765 �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU 
63',)B;)(5 �[���� : �[�������� 7UDQVIHU�6WDUW�5HJLVWHU 
63',)B603'5 �[���� : �[�������� 6DPSOH�'DWD�5HJLVWHU 
63',)B9/')5Q �[���� : �[�������� 9DOLGLW\�)ODJ�5HJLVWHU�Q 
63',)B865'5Q �[���� : �[�������� 8VHU�'DWD�5HJLVWHU�Q 
63',)B&+165Q �[��&� : �[�������� &KDQQHO�6WDWXV�5HJLVWHU�Q 
63',)B%8576,1)2 �[���� : �[�������� &KDQQHO�%XUVW�,QIR�5HJLVWHU 
63',)B5(3(77,21 �[���� : �[�������� &KDQQHO�5HSHWLWLRQ�5HJLVWHU 
63',)B%8576,1)2B6+' �[���� : �[�������� 6KDGRZ�&KDQQHO�%XUVW�,QIR�5HJLVWHU 
63',)B5(3(77,21B6+' �[���& : �[�������� 6KDGRZ�&KDQQHO�5HSHWLWLRQ�5HJLVWHU 
63',)B865'5B6+'Q �[���� : �[�������� 6KDGRZ�8VHU�'DWD�5HJLVWHU�Q 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
20.4.2 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
63',)B&)*5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�� 
0&' 
)PFON�)VGR 
7KLV�SDUDPHWHU�FDQ�EH�FDOFXODWHG�E\�)PFON��)V����� 
)V WKH�VDPSOH�IUHTXHQF\�EH�ZDQWHG 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
3&07<3( 
�
E���OLQHDU�3&0 
�
E���QRQ�OLQHDU�3&0 

� :2 �[� &/5 
:ULWH���WR�FOHDU�0&/.�GRPDLQ�ORJLF��5HDG�UHWXUQ�]HUR� 

� 5: �[� 

&6( 
�
E���GLVDEOH 
�
E���HQDEOH 
7KH�ELW�VKRXOG�EH�VHW�WR���ZKHQ�WKH�FKDQQHO�FRQYH\V�QRQ�OLQHDU�
3&0 

� 5: �[� 
8'( 
�
E���GLVDEOH 
�
E���HQDEOH 

� 5: �[� 
9)( 
�
E���GLVDEOH 
�
E���HQDEOH 

� 5: �[� 
$'- 
�
E���5LJKW�MXVWLILHG 
�
E���/HIW�MXVWLILHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
+:7 
�
E���GLVDEOH 
�
E���HQDEOH 
,W�LV�YDOLG�RQO\�ZKHQ�WKH�YDOLG�GDWD�ZLGWK�LV���ELW� 

��� 5: �[� 

9': 
�
E������ELW 
�
E������ELW 
�
E������ELW 
�
E����UHVHUYHG 
7KH�YDOLG�GDWD�ZLGWK�LV���ELW�RQO\�IRU�QRQ�OLQHDU�3&0 

 
63',)B6'%/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
6'%/5 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�VDPSOH�GDWD�
EXIIHU� 

 
63',)B'0$&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
7'( 
�
E���7UDQVPLW�'0$�GLVDEOHG�  
�
E���7UDQVPLW�'0$�HQDEOHG 

��� 5: �[�� 

7'/ 
7KLV�ELW�ILHOG�FRQWUROV�WKH�OHYHO�DW�ZKLFK�D�'0$�UHTXHVW�LV�PDGH�E\�
WKH�WUDQVPLW�ORJLF��,W�LV�HTXDO�WR�WKH�ZDWHUPDUN�OHYHO��WKDW�LV��WKH�
GPDBW[BUHT�VLJQDO�LV�JHQHUDWHG�ZKHQ�WKH�QXPEHU�RI�YDOLG�GDWD�
HQWULHV�LQ�WKH�6DPSOH�'DWH�%XIIHU�LV�HTXDO�WR�RU�EHORZ�WKLV�ILHOG�
YDOXH 

 
63',)B,17&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
�� :�

& �[� 8'7,& 
:ULWH��
E��WR�FOHDU�WKH�XVHU�GDWD�LQWHUUXSW� 

�� :�
& �[� %77,& 

:ULWH��
E��WR�FOHDU�WKH�LQWHUUXSW� 
����� 52 �[�� UHVHUYHG 
��� 5: �[�� 6'%7 

6DPSOH�'DWH�%XIIHU�7KUHVKROG�IRU�HPSW\�LQWHUUXSW 

� 5: �[� 
6'%(,( 
�
E���GLVDEOH 
�
E���HQDEOH 

� 5: �[� 

%77,( 
:KHQ�HQDEOHG��DQ�LQWHUUXSW�ZLOO�EH�DVVHUWHG�ZKHQ�WKH�EORFN�
WUDQVIHU�LV�ILQLVKHG�LI�WKH�FKDQQHO�FRQYH\V�OLQHDU�3&0�RU�ZKHQ�WKH�
UHSHWLWLRQ�SHULRG�LV�UHDFKHG�LI�WKH�FKDQQHO�FRQYH\V�QRQ�OLQHDU�
3&0� 
�
E���GLVDEOH 
�
E���HQDEOH 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

8'7,( 
�
E���GLVDEOH 
�
E���HQDEOH 
,I�HQDEOHG��DQ�LQWHUUXSW�ZLOO�EH�DVVHUWHG�ZKHQ�WKH�FRQWHQW�RI�WKH�
XVHU�GDWD�UHJLVWHU�LV�IHG�LQWR�WKH�FRUUHVSRQGLQJ�VKDGRZ�UHJLVWHU 

��� 52 �[� UHVHUYHG 
 
63',)B,1765�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
6'%(,6 
�
E���LQDFWLYH 
�
E���DFWLYH 

� 5: �[� 
%77,6 
�
E���LQDFWLYH 
�
E���DFWLYH 

� 5: �[� 
8'7,6 
�
E���LQDFWLYH 
�
E���DFWLYH 

��� 52 �[� UHVHUYHG 
 
63',)B;)(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� ;)(5 

7UDQVIHU�6WDUW�5HJLVWHU 
 
63',)B603'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 5: �[�������� 603'5 

6DPSOH�'DWD�5HJLVWHU 
 
63',)B9/')5Q�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 5: �[���� 9/')5B68%B� 

9DOLGLW\�)ODJ�5HJLVWHU�� 
���� 5: �[���� 9/')5B68%B� 

9DOLGLW\�)ODJ�)RU�6XEIUDPH�� 
 
63',)B865'5Q�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 5: �[���� 865B68%B� 

8VHU�'DWD�%LW�IRU�6XEIUDPH�� 
���� 5: �[���� 865B68%B� 

8VHU�'DWD�%LW�IRU�6XEIUDPH�� 
 
63',)B&+165Q�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��&�� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 5: �[���� &+165B68%B� 

&KDQQHO�6WDWXV�%LW�IRU�6XEIUDPH�� 
���� 5: �[���� &+165B68%B� 

&KDQQHO�6WDWXV�%LW�IRU�6XEIUDPH�� 
 
63',)B%8576,1)2�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[���� 
3' 
3UHDPEOH�3G�IRU�QRQ�OLQHDU�SFP��LQGLFDWLQJ�WKH�OHQJWK�RI�EXUVW�
SD\ORDG�LQ�XQLW�RI�E\WHV�RU�ELWV� 

����� 5: �[� 
%6180 
7KLV�ILHOG�LQGLFDWHV�WKH�ELWVWUHDP�QXPEHU��8VXDOO\�WKH�ELWVWUHDP�
QXPEHU�LV��� 

���� 5: �[�� '$7$,1)2 
7KLV�ILHOG�JLYHV�WKH�GDWD�W\SH�GHSHQGHQW�LQIR 

� 5: �[� 
(55)/$* 
�
E���LQGLFDWHV�D�YDOLG�EXUVW�SD\ORDG 
�
E���LQGLFDWHV�WKDW�WKH�EXUVW�SD\ORDG�PD\�FRQWDLQ�HUURUV 

��� 5: �[�� 

'$7$7<3( 
�
E���������QXOO�GDWD 
�
E���������$&���GDWD 
�
E���������3DXVH�GDWD 
�
E���������03(*���OD\HU���GDWD 
�
E���������03(*���OD\HU���RU���GDWD�RU�03(*���ZLWKRXW�
H[WHQVLRQ 
�
E���������03(*���GDWD�ZLWK�H[WHQVLRQ 
�
E���������03(*���$$& 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������'76�W\SH�, 
�
E���������'76�W\SH�,, 
�
E���������'76�W\SH�,,, 
�
E���������$75$& 
�
E���������$75$&���� 
�
E���������$75$&�; 
�
E���������'76�W\SH�,9 
�
E���������:0$�SURIHVVLRQDO�W\SH�, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,,, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,9 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������(QKDQFHG�$&�� 
�
E���������0$7 
RWKHUV��UHVHUYHG 

 
63',)B5(3(77,21�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 
5(3(77,21 
7KLV�GHILQH�WKH�UHSHWLWLRQ�SHULRG�ZKHQ�WKH�FKDQQHO�FRQYH\V�QRQ�
OLQHDU�3&0 

 
63',)B%8576,1)2B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 52 �[���� 
3' 
3UHDPEOH�3G�IRU�QRQ�OLQHDU�SFP��LQGLFDWLQJ�WKH�OHQJWK�RI�EXUVW�
SD\ORDG�LQ�XQLW�RI�E\WHV�RU�ELWV� 

����� 5: �[� 
%6180 
7KLV�ILHOG�LQGLFDWHV�WKH�ELWVWUHDP�QXPEHU��8VXDOO\�WKH�ELWVWUHDP�
QXPEHU�LV��� 

���� 52 �[�� '$7$,1)2 
7KLV�ILHOG�JLYHV�WKH�GDWD�W\SH�GHSHQGHQW�LQIR 

� 52 �[� 
(55)/$* 
�
E���LQGLFDWHV�D�YDOLG�EXUVW�SD\ORDG 
�
E���LQGLFDWHV�WKDW�WKH�EXUVW�SD\ORDG�PD\�FRQWDLQ�HUURUV 

��� 52 �[�� 

'$7$7<3( 
�
E���������QXOO�GDWD 
�
E���������$&���GDWD 
�
E���������3DXVH�GDWD 
�
E���������03(*���OD\HU���GDWD 
�
E���������03(*���OD\HU���RU���GDWD�RU�03(*���ZLWKRXW�
H[WHQVLRQ 
�
E���������03(*���GDWD�ZLWK�H[WHQVLRQ 
�
E���������03(*���$$& 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*����OD\HU���ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������'76�W\SH�, 
�
E���������'76�W\SH�,, 
�
E���������'76�W\SH�,,, 
�
E���������$75$& 
�
E���������$75$&���� 
�
E���������$75$&�; 
�
E���������'76�W\SH�,9 
�
E���������:0$�SURIHVVLRQDO�W\SH�, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,,, 
�
E���������:0$�SURIHVVLRQDO�W\SH�,9 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$&�ORZ�VDPSOLQJ�IUHTXHQF\ 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������03(*���$$& 
�
E���������(QKDQFHG�$&�� 
�
E���������0$7 
RWKHUV��UHVHUYHG 
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63',)B5(3(77,21B6+'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[���� 

5(3(77,21 
7KLV�UHJLVWHU�SURYLGHV�WKH�UHSHWLWLRQ�RI�WKH�ELWVWUHDP�ZKHQ�
FKDQQHO�FRQYH\V�QRQ�OLQHDU�3&0��,Q�WKH�GHVLJQ��LW�GHILQHV�WKH�
OHQJWK�EHWZHHQ�3D�RI�WKH�WZR�FRQVHFXWLYH�GDWD�EXUVW��)RU�WKH�
VDPH�DXGLR�IRUPDW��WKH�GHILQLWLRQ�LV�GLIIHUHQW��3OHDVH�FRQYHUW�WKH�
DFWXDO�UHSHWLWLRQ�LQ�RUGHU�WR�FRPSO\�ZLWK�WKH�GHVLJQ� 

 
63',)B865'5B6+'Q�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� 865B68%B� 

8VHU�'DWD�%LW�IRU�6XEIUDPH�� 
���� 52 �[���� 865B68%B� 

8VHU�'DWD�%LW�IRU�6XEIUDPH�� 
 

20.5 Interface Description 
Table 20-1 spdif transmitter interface 

Module Pin Dir. Pad Name IOMUX Setting 
spdif_txm0 O I2S1_SCLK_RX_M0/UART4_RX_M0/PDM_CLK1_M0/SPDIF

_TX_M0/GPIO1_A4_d 
GRF_GPIO1A_IOMUX_H[2:0]=3¶b100 

spdif_txm1 O PWM15_IR_M0/SPDIF_TX_M1/GMAC1_MDIO_M0/UART7_
RX_M1/I2S1_LRCK_RX_M2/GPIO3_C5_d 

GRF_GPIO3C_IOMUX_H[6:4]=3¶b010 

spdif_txm2 O EDP_DP_HPDIN_M0/SPDIF_TX_M2/SATA2_ACT_LED/PCIE
30X2_PERSTn_M2/I2S3_LRCK_M1/GPIO4_C4_d 

GRF_GPIO4C_IOMUX_H[2:0]=3¶b010 

7KH�RXWSXW�RI�63',)�PRGXOH�ZKLFK�VLJQDOV�DV�spdif_8ch_sdo is also connected to the audio 
interface of HDMI.  

Table 20-2 Interface Between SPDIF And HDMI  
Module Pin Direction Module Pin Direction 

mclk_spdif_8ch O ispdifclk I 
spdif_8ch_sdo O ispdifdata I 

Notes: I=input, O=output, I/O=input/output, bidirectional 
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20.6 Application Notes 

Disable SPDIF by writing 0x0 to SPDIF_XFER

Clear sample data buffer and control logic by writing 0x1 to 
SPDIF_CFGR[7]

Write SPDIF_CFGR to config spdif operation mode 

Write SPDIF_VLDFRˈSPDIF_USRDRˈSPDIF_CHNSR
 to supply  audio information for external device

Config a DMA channel for SPDIF transmitter and the 
destination address is SPDIF_SMPDR

Write SPDIF_DMACR to determine when to issue dma request

Enable SPDIF by writing 0x1 to SPDIF_XFER

SPDIF_XFER can not be disabled until the current transfer
 has completed

SPDIF
Transmitter 

Configuration

DMA 
Controller

Configuration

 
Fig.20-6 SPDIF transmitter operation flow chart 

The above figure shows the operation flow of SPDIF operation. Note that the configuration 
register can be written only when the transfer is stopped. 
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Chapter 21 I2S_TDM 
21  

21.1 Overview 
7KH�,�6�3&0�7'0�FRQWUROOHU�LV�GHVLJQHG�IRU�LQWHUIDFLQJ�EHWZHHQ�WKH�$+%�EXV�DQG�WKH�,�6�
EXV� 
7KH�,�6�EXV��,QWHU�,&�VRXQG�EXV��LV�D�VHULDO�OLQN�IRU�GLJLWDO�DXGLR�GDWD�WUDQVIHU�EHWZHHQ�
GHYLFHV�LQ�WKH�V\VWHP�DQG�LV�LQYHQWHG�E\�3KLOLSV�6HPLFRQGXFWRU��1RZ�LW�LV�ZLGHO\�XVHG�E\�
PDQ\�VHPLFRQGXFWRU�PDQXIDFWXUHUV� 
,�6�EXV�LV�ZLGHO\�XVHG�LQ�WKH�GHYLFHV�VXFK�DV�$'&��'$&��'63��&38��HWF��:LWK�WKH�,�6�
LQWHUIDFH��ZH�FDQ�FRQQHFW�DXGLR�GHYLFHV�DQG�WKH�HPEHGGHG�6R&�SODWIRUP�WRJHWKHU�DQG�
SURYLGH�DQ�DXGLR�LQWHUIDFH�VROXWLRQ�IRU�WKH�V\VWHP� 
21.1.1 )HDWXUHV 
7KHUH�LV�RQH�,�6�3&0�7'0�FRQWUROOHU�DQG�WZR�,�6�3&0�FRQWUROOHUV�HPEHG�LQ�WKH�V\VWHP��
7KHVH�IRXU�FRQWUROOHUV�DUH�QDPHG�DV�,�6���,�6��DQG�,�6���,�6���7KH�,�6��LV�FRQQHFWHG�
KGPL�7KH�,�6��VXSSRUWV�,�6��3&0�DQG�7'0�PRGH�ZKLOH�WKH�,�6��RU�,�6��VXSSRUWV�,�6�DQG�
3&0�PRGH�VWHUHR�DXGLR�RXWSXW�DQG�LQSXW��8QOHVV�VWDWHG�VHSDUDWHO\��DOO�RI�WKH�IROORZLQJ�
IHDWXUHV�DSSO\�WR�,�6���,�6���,�6��DQG�,�6�� 
z 6XSSRUW�HLJKW�LQWHUQDO����ELW�ZLGH�DQG����ORFDWLRQ�GHHS�),)2V��IRXU�IRU�WUDQVPLWWLQJ�DQG�

WKH�RWKHUV�IRU�UHFHLYLQJ�DXGLR�GDWD�IRU�,�6� 
z 6XSSRUW�WZR�LQWHUQDO����ELW�ZLGH�DQG����ORFDWLRQ�GHHS�),)2V��RQH�IRU�WUDQVPLWWLQJ�DQG�

WKH�RWKHU�IRU�UHFHLYLQJ�DXGLR�GDWD�IRU�HDFK�,�6��DQG�,�6� 
z 6XSSRUW�$+%�EXV�LQWHUIDFH 
z 6XSSRUW���a���ELWV�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�PDVWHU�DQG�VODYH�PRGH 
z 6XSSRUW�'0$�KDQGVKDNLQJ�LQWHUIDFH�DQG�FRQILJXUDEOH�'0$�ZDWHU�OHYHO 
z 6XSSRUW�WUDQVPLW�),)2�HPSW\��XQGHUIORZ��UHFHLYH�),)2�IXOO��RYHUIORZ�LQWHUUXSW�DQG�DOO�

LQWHUUXSWV�FDQ�EH�PDVNHG 
z 6XSSRUW�FRQILJXUDEOH�ZDWHU�OHYHO�RI�WUDQVPLW�),)2�HPSW\�DQG�UHFHLYH�),)2�IXOO�LQWHUUXSW 
z 6XSSRUW�FRPELQHG�LQWHUUXSW�RXWSXW 
z 6XSSRUW�D�WRWDO�RI���FKDQQHOV�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�LQ�,�6�PRGH�DW�WKH�VDPH�WLPH�

IRU�,�6� 
z 6XSSRUW���FKDQQHO�DXGLR�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�LQ�3&0�PRGH�IRU�,�6� 
z 6XSSRUW���FKDQQHO�DXGLR�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�LQ�,�6�PRGH�DQG���FKDQQHO�LQ�3&0�

PRGH�IRU�,�6� 
z 6XSSRUW���FKDQQHO�DXGLR�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�LQ�,�6�PRGH�DQG���FKDQQHO�LQ�3&0�

PRGH�IRU�,�6� 
z 6XSSRUW�XS�WR����N+]�VDPSOH�UDWH 
z 6XSSRUW�,�6�QRUPDO��OHIW�DQG�ULJKW�MXVWLILHG�PRGH�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�3&0�HDUO\��ODWH���ODWH���ODWH��PRGH�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�7'0�QRUPDO������F\FOH�OHIW�VKLIW�����F\FOH�OHIW�VKLIW����F\FOH�OHIW�VKLIW��ULJKW�VKLIW�

PRGH�VHULDO�DXGLR�GDWD�WUDQVIHU�IRU�,�6� 
z 6XSSRUW�06%�RU�/6%�ILUVW�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW����WR����ELW�DXGLR�GDWD�OHIW�RU�ULJKW�MXVWLILHG�LQ����ELW�ZLGH�),)2 
z 6XSSRUW�WZR����ELW�DXGLR�GDWD�VWRUH�WRJHWKHU�LQ�RQH����ELW�ZLGH�ORFDWLRQ 
z 6XSSRUW���LQGHSHQGHQW�/5&.�VLJQDOV��RQH�IRU�UHFHLYLQJ�DQG�WKH�RWKHU�IRU�WUDQVPLWWLQJ�

DXGLR�GDWD��6LQJOH�/5&.�FDQ�EH�XVHG�IRU�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GDWD�LI�WKH�VDPSOH�
UDWH�DUH�WKH�VDPH 

z 6XSSRUW�FRQILJXUDEOH�6&/.�DQG�/5&.�SRODULW\ 
z 6XSSRUW�D�UDQJH�RI����WR����SURJUDPPDEOH�VORW�ELW�ZLGWK�LQ�7'0�PRGH�IRU�,�6� 
z 6XSSRUW�D�UDQJH�RI����WR�����SURJUDPPDEOH�IUDPH�ZLGWK�LQ�7'0�PRGH�IRU�,�6� 
z 6XSSRUW�SURJUDPPDEOH�)6<1&�ZLGWK�LQ�7'0�PRGH�IRU�,�6� 
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21.2 Controller Block Diagram 

System Interface

TX FIFO

RX FIFO

Clock Generator

AHB BUS
I2S BUS

dma interface

interrupt 
interface

stereo 
audio 

output

stereo 
audio 
input

TDM Transmitter

I2S Transmitter

TDM Transmitter

I2S Transmitter

TX_CTRL

RX_CTRL

 
	��ǤʹͳǦͳ��ʹ�Ȁ���Ȁ���������������ȋͺǦ�������Ȍ�������������� 

System Interface

TX FIFO

RX FIFO

Clock Generator

AHB BUS
I2S BUS

dma interface

interrupt 
interface

stereo 
audio 

output

stereo 
audio 
input

I2S Transmitter

I2S Transmitter

TX_CTRL

RX_CTRL

 
	��ǤʹͳǦʹ��ʹ�Ȁ���������������ȋʹǦ�������Ȍ�������������� 

6\VWHP�,QWHUIDFH 
7KH�V\VWHP�LQWHUIDFH�LPSOHPHQWV�WKH�$+%�VODYH�RSHUDWLRQ��,W�FRQWDLQV�QRW�RQO\�FRQWURO�
UHJLVWHUV�RI�WUDQVPLWWHUV�DQG�UHFHLYHU�LQVLGH�EXW�DOVR�LQWHUUXSW�DQG�'0$�KDQGVKDNLQJ�
LQWHUIDFH� 
&ORFN�*HQHUDWRU�  
7KH�&ORFN�*HQHUDWRU�LPSOHPHQWV�FORFN�JHQHUDWLRQ�IXQFWLRQ��%\�WKH�GLYLGHU�RI�WKH�PRGXOH��WKH�
FORFN�JHQHUDWRU�JHQHUDWHV�6&/.�DQG�/5&.�WR�WUDQVPLWWHU�DQG�UHFHLYHU� 
7UDQVPLWWHUV 
7KH�7UDQVPLWWHUV�LPSOHPHQW�WUDQVPLVVLRQ�RSHUDWLRQ��7KH�WUDQVPLWWHUV�FDQ�DFW�DV�HLWKHU�D�
PDVWHU�RU�D�VODYH��ZLWK�,�6��3&0�RU�7'0�PRGH�VXUURXQG�VHULDO�DXGLR�LQWHUIDFH� 
5HFHLYHU�  
7KH�5HFHLYHU�LPSOHPHQWV�UHFHLYH�RSHUDWLRQ��7KH�UHFHLYHU�FDQ�DFW�DV�HLWKHU�D�PDVWHU�RU�D�
VODYH��ZLWK�,�6��3&0�RU�7'0�PRGH�VWHUHR�VHULDO�DXGLR�LQWHUIDFH� 
7UDQVPLW�),)2 
7KH�7UDQVPLW�),)2�LV�WKH�EXIIHU�WR�VWRUH�WUDQVPLWWHG�DXGLR�GDWD��7KH�VL]H�RI�RQH�),)2�LV�
��ELWV�[���� 
5HFHLYH�),)2 
7KH�5HFHLYH�),)2�LV�WKH�EXIIHU�WR�VWRUH�UHFHLYHG�DXGLR�GDWD��7KH�VL]H�RI�RQH�),)2�LV���ELWV�[�
��� 
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21.3 Function description 
,Q�WKH�,�6�3&0�7'0�RU�,�6�3&0�FRQWUROOHU��WKHUH�DUH�IRXU�W\SHV��WUDQVPLWWHU�PDVWHU�	�
UHFHLYHU�PDVWHU��WUDQVPLWWHU�PDVWHU�	�UHFHLYHU�VODYH��WUDQVPLWWHU�VODYH�	�UHFHLYHU�PDVWHU��
WUDQVPLWWHU�VODYH�	�UHFHLYHU�VODYH� 
,Q�EURDGFDVWLQJ�DSSOLFDWLRQ��WKH�,�6�3&0�7'0�RU�,�6�3&0�FRQWUROOHU�LV�XVHG�DV�D�WUDQVPLWWHU�
DQG�H[WHUQDO�RU�LQWHUQDO�DXGLR�&2'(&�LV�XVHG�DV�D�UHFHLYHU��,Q�UHFRUGLQJ�DSSOLFDWLRQ��WKH�
,�6�3&0�7'0�RU�,�6�3&0�FRQWUROOHU�LV�XVHG�DV�D�UHFHLYHU�DQG�H[WHUQDO�RU�LQWHUQDO�DXGLR�
&2'(&�LV�XVHG�DV�D�WUDQVPLWWHU��(LWKHU�WKH�,�6�3&0�7'0�RU�,�6�3&0�FRQWUROOHU�RU�WKH�DXGLR�
&2'(&�FDQ�DFW�DV�D�PDVWHU�RU�D�VODYH��EXW�LI�RQH�LV�PDVWHU��WKH�RWKHU�PXVW�EH�VODYH� 

I2S Transmitter Master I2S Receiver Slave

SCLK

SD

LRCK

 
	��ǤʹͳǦ͵��ʹ�������������Ǧ�������Ƭ���������Ǧ��������������� 

:KHQ�WKH�WUDQVPLWWHU�DFWV�DV�D�PDVWHU��LW�VHQGV�DOO�VLJQDOV�WR�WKH�UHFHLYHU��WKH�VODYH���DQG�
&38�FRQWUROV�ZKHQ�WR�VHQG�FORFN�DQG�GDWD�WR�WKH�UHFHLYHU��:KHQ�DFWV�DV�D�VODYH��6'�VLJQDO�
VWLOO�JRHV�IURP�WUDQVPLWWHU�WR�UHFHLYHU��EXW�6&/.�DQG�/5&.�VLJQDOV�DUH�IURP�WKH�UHFHLYHU��WKH�
PDVWHU��WR�WKH�WUDQVPLWWHU��%DVHG�RQ�WKUHH�LQWHUIDFH�VSHFLILFDWLRQV��WUDQVPLWWLQJ�GDWD�VKRXOG�
EH�UHDG\�EHIRUH�WUDQVPLWWHU�UHFHLYHV�6&/.�DQG�/5&.�VLJQDOV��&38�VKRXOG�NQRZ�ZKHQ�WKH�
UHFHLYHU�WR�LQLWLDOL]H�D�WUDQVDFWLRQ�DQG�ZKHQ�WKH�WUDQVPLWWHU�WR�VHQG�GDWD� 

I2S Receiver MasterI2S Transmitter Slave
SD

LRCK

SCLK

 
	��ǤʹͳǦͶ��ʹ�������������Ǧ������Ƭ���������Ǧ���������������� 

:KHQ�WKH�UHFHLYHU�DFWV�DV�D�PDVWHU��LW�VHQGV�6&/.�DQG�/5&.�VLJQDOV�WR�WKH�WUDQVPLWWHU��WKH�
VODYH��DQG�UHFHLYHV�VHULDO�GDWD��6R�&38�PXVW�WHOO�WKH�WUDQVPLWWHU�ZKHQ�WR�VWDUW�D�WUDQVDFWLRQ�
IRU�LW�WR�SUHSDUH�WUDQVPLWWLQJ�GDWD�WKHQ�VWDUW�D�WUDQVIHU�DQG�VHQG�FORFN�DQG�FKDQQHO�VHOHFW�
VLJQDOV��:KHQ�WKH�UHFHLYHU�DFWV�DV�D�VODYH��&38�VKRXOG�RQO\�GR�LQLWLDO�VHWWLQJ�DQG�ZDLW�IRU�DOO�
VLJQDOV�DQG�WKHQ�VWDUW�UHDGLQJ�GDWD� 
%HIRUH�WUDQVPLWWLQJ�RU�UHFHLYLQJ�GDWD��&38�QHHG�GR�LQLWLDO�VHWWLQJ�WR�WKH�,�6�UHJLVWHU��7KHVH�
LQFOXGHV�&38�VHWWLQJV��,�6�LQWHUIDFH�UHJLVWHUV�VHWWLQJV��DQG�PD\EH�WKH�HPEHGGHG�6R&�
SODWIRUP�VHWWLQJV��7KHVH�UHJLVWHUV�PXVW�EH�VHW�EHIRUH�VWDUWLQJ�GDWD�WUDQVIHU��  
21.3.1 ,�6�1RUPDO�0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�QRUPDO�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
ORZ�WR�LQGLFDWH�OHIW�FKDQQHO�DQG�KLJK�WR�ULJKW�FKDQQHO��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VWDUWV�VHQGLQJ�WKH�ILUVW�ELW��06%�RU�/6%��RQH�6&/.�FORFN�F\FOH�DIWHU�/5&.�FKDQJHV��7KH�
UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 02322211 2322211 0

i2s_sclk
i2s_lrck_rx/
i2s_lrck_tx

i2s_sdo/
i2s_sdi

Left channel Right  channel

 
	��ǤʹͳǦͷ��ʹ���������������������	����� 

21.3.2 ,�6�/HIW�-XVWLILHG�0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�OHIW�MXVWLILHG�PRGH��)RU�/5&.��L�VBOUFNBU[���L�VBOUFNBW[��VLJQDO��LW�
JRHV�KLJK�WR�LQGLFDWH�OHIW�FKDQQHO�DQG�ORZ�WR�ULJKW�FKDQQHO��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��
LW�VWDUWV�VHQGLQJ�WKH�ILUVW�ELW��06%�RU�/6%��DW�WKH�VDPH�WLPH�ZKHQ�/5&.�FKDQJHV��7KH�UDQJH�
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RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 02322211 2322211 0 1

Left channel
Right  channel

i2s_sclk
i2s_lrck_rx/
i2s_lrck_tx

i2s_sdo/
i2s_sdi  

	��ǤʹͳǦ��ʹ����������������������������	����� 
21.3.3 ,�6�5LJKW�-XVWLILHG�0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�ULJKW�MXVWLILHG�PRGH��)RU�/5&.��L�VBOUFNBU[��L�VBOUFNBW[��VLJQDO��
LW�JRHV�KLJK�WR�LQGLFDWH�OHIW�FKDQQHO�DQG�ORZ�WR�ULJKW�FKDQQHO��)RU�6'��L�VBVGR��L�VBVGL��
VLJQDO��LW�WUDQVIHUV�06%�RU�/6%�ILUVW��EXW�ZKDW�LV�GLIIHUHQW�IURP�,�6�QRUPDO�RU�OHIW�MXVWLILHG�
PRGH��WKH�ODVW�ELW�RI�WKH�WUDQVIHUUHG�GDWD�LV�DOLJQHG�WR�WKH�WUDQVLWLRQ�HGJH�RI�WKH�/5&.�VLJQDO�
ZKLOH�RQH�ELW�LV�WUDQVIHUUHG�DW�RQH�6&/.�F\FOH��7KH�UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR�
��ELWV� 

0 02322211 2322211

Left channel Right  channel

i2s_sclk
i2s_lrck_rx/
i2s_lrck_tx

i2s_sdo/
i2s_sdi  

	��ǤʹͳǦ��ʹ�����������������������������	����� 
21.3.4 3&0�(DUO\�0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��DW�WKH�VDPH�WLPH�ZKHQ�/5&.�JRHV�KLJK��7KH�UDQJH�RI�6'�
VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231 0

channel0 left channel0 right

1

At least one sclk cycle in slave mode

Always one sclk cycle in master mode

no valid data

0 0231 231 0

channel0 left channel0 right

1

no valid data

i2s_sclk

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx
(slave mode)
i2s_lrck_rx
/i2s_lrck_tx

(master mode)

 
	��ǤʹͳǦͺ�����������������������	����� 

21.3.5 3&0�/DWH��0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��RQH�6&/.�FORFN�F\FOH�DIWHU�/5&.�JRHV�KLJK��7KH�UDQJH�RI�6'�
VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231 0

channel0 left channel0 right

At least one sclk cycle in slave mode

Always one sclk cycle in master mode

0 0231 231 0

channel0 left channel0 right no valid data

no valid data

i2s_sclk

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx
(slave mode)

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

 
	��ǤʹͳǦͻ���������ͳ�������������	����� 

21.3.6 3&0�/DWH��0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
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VHQGV�WKH�ILUVW�ELW��06%�RU�/6%�WZR�6&/.�FORFN�F\FOHV�DIWHU�/5&.�JRHV�KLJK��7KH�UDQJH�RI�6'�
VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231

channel0 left channel0 right

At least one sclk cycle in slave mode

Always one sclk cycle in master mode

0 0231 231

channel0 left channel0 right no valid data

no valid data

i2s_sclk

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx
(slave mode)

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

 
	��ǤʹͳǦͳͲ���������ʹ�������������	����� 

21.3.7 3&0�/DWH��0RGH 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��WKUHH�6&/.�FORFN�F\FOHV�DIWHU�/5&.�JRHV�KLJK��7KH�UDQJH�RI�
6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231

channel0 left channel0 right

At least one sclk cycle in slave mode

Always one sclk cycle in master mode

0 0231 231

channel0 left channel0 right no valid datano valid data

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx
(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

 
	��ǤʹͳǦͳͳ���������͵�������������	����� 

21.3.8 7'0�1RUPDO�0RGH��3&0�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�7'0�QRUPDO�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��RQ�WKH�VHFRQG�IDOOLQJ�HGJH�RI�6&/.�DIWHU�/5&.�JRHV�KLJK��
7KH�UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right

At least one sclk cycle in slave mode

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right no valid datano valid data

At least one sclk cycle in slave mode

 
	��ǤʹͳǦͳʹ������������������������	������ȋ����	�����Ȍ 

21.3.9 7'0�/HIW�6KLIW�0RGH���3&0�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��RQ�WKH�VHFRQG�ULVLQJ�HGJH�RI�6&/.�DIWHU�/5&.�JRHV�KLJK��
7KH�UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 
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0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right

At least one sclk cycle in slave mode

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right no valid datano valid data

At least one sclk cycle in slave mode

 
	��ǤʹͳǦͳ͵���������������������Ͳ��������	������ȋ����	�����Ȍ 

21.3.10 7'0�/HIW�6KLIW�0RGH���3&0�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��RQ�WKH�ILUVW�IDOOLQJ�HGJH�RI�6&/.�DIWHU�/5&.�JRHV�KLJK��7KH�
UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right

At least one sclk cycle in slave mode

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right no valid datano valid data

At least one sclk cycle in slave mode

 
	��ǤʹͳǦͳͶ���������������������ͳ��������	������ȋ����	�����Ȍ 

21.3.11 7'0�/HIW�6KLIW�0RGH���3&0�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�VBOUFNBU[�L�VBOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��RQ�WKH�ILUVW�ULVLQJ�HGJH�RI�6&/.�DIWHU�/5&.�JRHV�KLJK��7KH�
UDQJH�RI�6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right

At least one sclk cycle in slave mode

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right no valid datano valid data

At least one sclk cycle in slave mode

 
	��ǤʹͳǦͳͷ���������������������ʹ��������	������ȋ����	�����Ȍ 

21.3.12 7'0�/HIW�6KLIW�0RGH���3&0�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�3&0�HDUO\�PRGH��)RU�/5&.��L�V�BOUFNBU[�L�V�BOUFNBW[��VLJQDO��LW�JRHV�
KLJK�WR�LQGLFDWH�WKH�VWDUW�RI�D�JURXS�RI�DXGLR�FKDQQHOV��)RU�6'��L�V�BVGR��L�V�BVGL��VLJQDO��LW�
VHQGV�WKH�ILUVW�ELW��06%�RU�/6%��DW�WKH�VDPH�WLPH�ZKHQ�/5&.�JRHV�KLJK��7KH�UDQJH�RI�6'�
VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 
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0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right

At least one sclk cycle in slave mode

no valid datano valid data

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

(slave mode)

i2s_sdo

i2s_sdi

i2s_lrck_rx
/i2s_lrck_tx

(master mode)

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right no valid datano valid data

At least one sclk cycle in slave mode

 
	��ǤʹͳǦͳ���������������������͵��������	������ȋ����	�����Ȍ 

21.3.13 7'0�1RUPDO�0RGH��,�6�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�QRUPDO�PRGH��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�VWDUWV�VHQGLQJ�
WKH�ILUVW�ELW��06%�RU�/6%�RQ�WKH�ILUVW�IDOOLQJ�HGJH�RI�6&/.�DIWHU�/5&.�FKDQJHV��7KH�UDQJH�RI�
6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 

i2s1_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 rightno valid data

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 rightno valid data

 
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel1 left channel2 left  ~ channel3 leftno valid data

0 0231 231 0 231

channel0 right channel1 right channel2 right  ~ channel3 rightno valid data

 
	��ǤʹͳǦͳ������������������������	������ȋ�ʹ��	�����Ȍ 

21.3.14 7'0�/HIW�-XVWLILHG�0RGH��,�6�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�OHIW�MXVWLILHG�PRGH��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�VWDUWV�
VHQGLQJ�WKH�ILUVW�ELW��06%�RU�/6%��DW�WKH�VDPH�WLPH�ZKHQ�/5&.�FKDQJHV��7KH�UDQJH�RI�6'�
VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

Valid cycle Unuse
d cycle

slot0

Valid cycle Unuse
d cycle

slot1

Valid cycle Unuse
d cycle

slot2

Valid cycle Unuse
d cycle

slot3

Valid cycle Unuse
d cycle

slot4

Valid cycle Unuse
d cycle

slot5

Valid cycle Unuse
d cycle

slot6

Valid cycle Unuse
d cycle

slot7

frame

Unused cycle

 
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 rightno valid data

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right  
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel1 left channel2 left  ~ channel3 leftno valid data

0 0231 231 0 231

channel0 right channel1 right channel2 right  ~ channel3 right  
	��ǤʹͳǦͳͺ�������������������������������	������ȋ�ʹ��	�����Ȍ 

21.3.15 7'0�5LJKW�-XVWLILHG�0RGH��,�6�)RUPDW� 
7KLV�LV�WKH�ZDYHIRUP�RI�,�6�ULJKW�MXVWLILHG�PRGH��)RU�6'��L�VBVGR��L�VBVGL��VLJQDO��LW�WUDQVIHUV�
06%�RU�/6%�ILUVW��EXW�ZKDW�LV�GLIIHUHQW�IURP�,�6�QRUPDO�RU�OHIW�MXVWLILHG�PRGH��7KH�UDQJH�RI�
6'�VLJQDO�ZLGWK�LV�IURP����WR���ELWV� 

Valid cycleUnuse
d cycle

slot0

Valid cycleUnuse
d cycle

slot1

Valid cycleUnuse
d cycle

slot2

Valid cycleUnuse
d cycle

slot3

Valid cycleUnuse
d cycle

slot4

Valid cycleUnuse
d cycle

slot5

Valid cycleUnuse
d cycle

slot6

Valid cycleUnuse
d cycle

slot7

frame

Unused cycle

 
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 
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i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 rightno valid data

0 0231 231 0 231

channel0 left channel0 right channel1 left  ~ channel3 right  
WGPBW[FWUO>��@�WGPBU[FWUO>��@ �� 

i2s_sclk

i2s_lrck_rx
/i2s_lrck_tx

i2s_sdi
/i2s_sdo

0 0231 231 0 231

channel0 left channel1 left channel2 left  ~ channel3 leftno valid data

0 0231 231 0 231

channel0 right channel1 right channel2 right  ~ channel3 right  
	��ǤʹͳǦͳͻ��������������������������������	������ȋ�ʹ��	�����Ȍ 

21.4 Register description 
21.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ 
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
21.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

,�6B7'0B�&+B7;&5 �[���� : �[�������� 7UDQVPLW�2SHUDWLRQ�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B5;&5 �[���� : �[��&����� 5HFHLYH�2SHUDWLRQ�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B&.5 �[���� : �[�������� &ORFN�*HQHUDWLRQ�5HJLVWHU 
,�6B7'0B�&+B7;),)2/5 �[���& : �[�������� 7;�),)2�/HYHO�5HJLVWHU 
,�6B7'0B�&+B'0$&5 �[���� : �[�������� '0$�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B,17&5 �[���� : �[��)����� ,QWHUUXSW�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B,1765 �[���� : �[�������� ,QWHUUXSW�6WDWXV�5HJLVWHU 
,�6B7'0B�&+B;)(5 �[���& : �[�������� 7UDQVIHU�6WDUW�5HJLVWHU 
,�6B7'0B�&+B&/5 �[���� : �[�������� 6FON�'RPDLQ�/RJLF�&OHDU�5HJLVWHU 
,�6B7'0B�&+B7;'5 �[���� : �[�������� 7UDQVPLW�),)2�'DWD�5HJLVWHU 
,�6B7'0B�&+B5;'5 �[���� : �[�������� 5HFHLYH�),)2�'DWD�5HJLVWHU 
,�6B7'0B�&+B5;),)2/5 �[���& : �[�������� 5;�),)2�/HYHO�5HJLVWHU 
,�6B7'0B�&+B7'0B7;&
75/ �[���� : �[�������� 7'0�0RGH�7UDQVPLW�2SHUDWLRQ�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B7'0B5;&
75/ �[���� : �[�������� 7'0�0RGH�5HFHLYH�2SHUDWLRQ�&RQWURO�5HJLVWHU 
,�6B7'0B�&+B&/.',9 �[���� : �[�������� &ORFN�'LYLGHU�5HJLVWHU 
,�6B7'0B�&+B9(56,21 �[���& : �[������)� 9HUVLRQ�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
21.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
,�6B7'0B�&+B7;&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
�� 52 �[� UHVHUYHG 

����� 5: �[� 

7;B3$7+B6(/� 
7;�3DWK�6HOHFW�� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
1RWH��:KHQ�7'0�PRGH��RQO\�SDWK��HQDEOH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

7;B3$7+B6(/� 
7;�3DWK�6HOHFW�� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
1RWH��:KHQ�7'0�PRGH��RQO\�SDWK��HQDEOH� 

����� 5: �[� 

7;B3$7+B6(/� 
7;�3DWK�6HOHFW�� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
1RWH��:KHQ�7'0�PRGH��RQO\�SDWK��HQDEOH� 

����� 5: �[� 

7;B3$7+B6(/� 
7;�3DWK�6HOHFW�� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
�
E����6GR��RXWSXW�GDWD�IURP�SDWK� 
1RWH��:KHQ�7'0�PRGH��RQO\�SDWK��HQDEOH� 

����� 5: �[�� 

5&17 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
2QO\�YDOLG�LQ�,�6�5LJKW�MXVWLILHG�IRUPDW�DQG�VODYH�7;�PRGH�LV�
VHOHFWHG� 
6WDUW�WR�WUDQVPLW�GDWD�5&17�VFON�F\FOHV�DIWHU�OHIW�FKDQQHO�YDOLG��  
1RWH��2QO\�IXQFWLRQ�ZKHQ�7;�7)6>�@ �� 

����� 5: �[� 

7&65 
7UDQVPLW�&KDQQHO�6HOHFW�5HJLVWHU 
�
E����7ZR�FKDQQHO�  
�
E����)RXU�FKDQQHO�  
�
E����6L[�FKDQQHO�  
�
E����(LJKW�FKDQQHO 

�� 5: �[� 

+:7 
+DOIZRUG�:RUG�7UDQVIRUP 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
2QO\�YDOLG�ZKHQ�9':�VHOHFW���ELW�GDWD� 
�
E������ELW�GDWD�YDOLG�IURP�$+%�$3%�EXV��/RZ����ELW�IRU�OHIW�
FKDQQHO�DQG�KLJK����ELW�IRU�ULJKW�FKDQQHO� 
�
E���/RZ���ELW�GDWD�YDOLG�IURP�$+%�$3%�EXV��KLJK����ELW�GDWD�
LQYDOLG� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

6-0 
6WRUH�-XVWLILHG�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
��ELWa��ELW�'$7$�VWRUHG�LQ����ELWV�ZLGWK�),)2� 
,I�9':�VHOHFW���ELW�GDWD��WKLV�ELW�LV�YDOLG�RQO\�ZKHQ�+:7�VHOHFW����
%HFDXVH�LI�+:7�LV����HYHU\�),)2�XQLW�FRQWDLQV�WZR���ELW�GDWD�DQG�
���ELW�VSDFH�LV�IXOO��LW�LV�LPSRVVLEOH�WR�FKRRVH�MXVWLILHG�PRGH� 
�
E���5LJKW�MXVWLILHG 
�
E���/HIW�MXVWLILHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

)%0 
)LUVW�%LW�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E���06% 
�
E���/6% 

���� 5: �[� 

,%0 
,�6�%XV�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����,�6�QRUPDO 
�
E����,�6�/HIW�MXVWLILHG 
�
E����,�6�5LJKW�MXVWLILHG 
�
E����5HVHUYHG 

��� 5: �[� 

3%0 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����3&0�QR�GHOD\�PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 
1RWH��)XQFWLRQ�ZKHQ�7;�7)6>���@�LV��� 

��� 5: �[� 

7)6 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����,�6�IRUPDW 
�
E����3&0�IRUPDW 
�
E����7'0�IRUPDW����3&0�PRGH� 
�
E����7'0�IRUPDW����,�6�PRGH� 

��� 5: �[�� 

9': 
9DOLG�'DWD�:LGWK 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E�����a�
E�������5HVHUYHG 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
������ 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 

 
,�6B7'0B�&+B5;&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[� 

5;B3$7+B6(/� 
5[�3DWK�6HOHFW�� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
1RWH��,QRSHUDWLYH�DW�7'0�PRGH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

5;B3$7+B6(/� 
5[�3DWK�6HOHFW�� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
1RWH��,QRSHUDWLYH�DW�7'0�PRGH� 

����� 5: �[� 

5;B3$7+B6(/� 
5[�3DWK�6HOHFW�� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
1RWH��,QRSHUDWLYH�DW�7'0�PRGH� 

����� 5: �[� 

5;B3$7+B6(/� 
5[�3DWK�6HOHFW�� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 
�
E����3DWK��GDWD�IURP�VGL� 

����� 5: �[� 

5&65 
5HFHLYH�&KDQQHO�6HOHFW�5HJLVWHU 
�
E����7ZR�FKDQQHO�  
�
E����)RXU�FKDQQHO�  
�
E����6L[�FKDQQHO�  
�
E����(LJKW�FKDQQHO 

�� 5: �[� 

+:7 
+DOIZRUG�:RUG�7UDQVIRUP 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
2QO\�YDOLG�ZKHQ�9':�VHOHFW���ELW�GDWD� 
�
E������ELW�GDWD�YDOLG�WR�$+%�$3%�EXV��/RZ����ELW�IRU�OHIW�
FKDQQHO�DQG�KLJK����ELW�IRU�ULJKW�FKDQQHO� 
�
E���/RZ���ELW�GDWD�YDOLG�WR�$+%�$3%�EXV��KLJK����ELW�GDWD�
LQYDOLG� 

�� 52 �[� UHVHUYHG 

�� 5: �[� 

6-0 
6WRUH�-XVWLILHG�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
��ELWa��ELW�'$7$�VWRUHG�LQ����ELWV�ZLGWK�),)2� 
,I�9':�VHOHFW���ELW�GDWD��WKLV�ELW�LV�YDOLG�RQO\�ZKHQ�+:7�VHOHFW����
%HFDXVH�LI�+:7�LV����HYHU\�),)2�XQLW�FRQWDLQV�WZR���ELW�GDWD�DQG�
���ELW�VSDFH�LV�IXOO��LW�LV�LPSRVVLEOH�WR�FKRRVH�MXVWLILHG�PRGH� 
�
E���5LJKW�MXVWLILHG 
�
E���/HIW�MXVWLILHG 

�� 5: �[� 

)%0 
)LUVW�%LW�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E���06% 
�
E���/6% 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

,%0 
,�6�%XV�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����,�6�QRUPDO 
�
E����,�6�/HIW�MXVWLILHG 
�
E����,�6�5LJKW�MXVWLILHG 
�
E����5HVHUYHG 

��� 5: �[� 

3%0 
3&0�%XV�0RGH 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����3&0�QR�GHOD\�PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 

��� 5: �[� 

7)6 
7UDQVIHU�)RUPDW�6HOHFW 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E����,�6�IRUPDW 
�
E����3&0�IRUPDW 
�
E����7'0�IRUPDW����3&0�PRGH� 
�
E����7'0�IRUPDW����,�6�PRGH� 

��� 5: �[�� 

9': 
9DOLG�'DWD�:LGWK 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
�
E�����a�
E�������5HVHUYHG 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
������ 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 

 
,�6B7'0B�&+B&.5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[� UHVHUYHG 

����� 5: �[� 

/5&.B&20021 
7;�DQG�5;�&RPPRQ�8VH 
�
E����
E����7[BOUFN�U[BOUFN�DUH�XVHG�DV�V\QFKURQRXV�VLJQDO�IRU�
7;��5;�UHVSHFWLYHO\� 
�
E����2QO\�W[BOUFN�LV�XVHG�DV�V\QFKURQRXV�VLJQDO�IRU�7;�DQG�5;� 
�
E����2QO\�U[BOUFN�LV�XVHG�DV�V\QFKURQRXV�VLJQDO�IRU�7;�DQG�5;� 

�� 5: �[� 

066 
0DVWHU�6ODYH�0RGH�6HOHFW 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
E���0DVWHU�PRGH��VFON�RXWSXW� 
�
E���6ODYH�PRGH��VFON�LQSXW� 

�� 5: �[� 

&.3 
6FON�3RODULW\ 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
E���6DPSOH�GDWD�DW�SRVHGJH�VFON�DQG�GULYH�GDWD�DW�QHJHGJH�VFON 
�
E���6DPSOH�GDWD�DW�QHJHGJH�VFON�DQG�GULYH�GDWD�DW�SRVHGJH�VFON 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� 5: �[� 

5/3 
5HFHLYH�/UFN�3RODULW\ 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
E���1RUPDO�SRODULW\ 
�,�6�QRUPDO��/RZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��+LJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��+LJK�YDOLG� 
�
E���2SSRVLWH�SRODULW\ 
�,�6�QRUPDO��+LJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��/RZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��/RZ�YDOLG� 

�� 5: �[� 

7/3 
7UDQVPLW�/UFN�3RODULW\ 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
E���1RUPDO�SRODULW\ 
�,�6�QRUPDO��/RZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��+LJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��+LJK�YDOLG� 
�
E���2SSRVLWH�SRODULW\ 
�,�6�QRUPDO��+LJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��/RZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��/RZ�YDOLG� 

����� 52 �[�� UHVHUYHG 

���� 5: �[�� 

56' 
5HFHLYH�6FON�'LYLGHU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
K��a�
K�H��5HVHUYHG 
�
K�Ia�
KII��)UHTXHQF\�RI�VFON� ��UHFHLYH�VFON�
GLYLGHU����IUHTXHQF\�RI�U[BOUFN 
1RWH��)XQFWLRQ�ZKHQ�5;�7)6>���@�LV��
E���RU��
E��� 

��� 5: �[�� 

76' 
7UDQVPLW�6FON�'LYLGHU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�RU�;)(5>�@�ELW�LV��� 
�
K��a�
K�H��5HVHUYHG 
�
K�Ia�
KII��)UHTXHQF\�RI�VFON� ��7UDQVPLW�VFON�
GLYLGHU����IUHTXHQF\�RI�W[BOUFN 
1RWH��)XQFWLRQ�ZKHQ�7;�7)6>���@�LV��
E���RU��
E��� 

 
,�6B7'0B�&+B7;),)2/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 
7)/� 
7UDQVPLW�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�WUDQVPLW�),)2�� 

����� 52 �[�� 
7)/� 
7UDQVPLW�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�WUDQVPLW�),)2�� 

���� 52 �[�� 
7)/� 
7UDQVPLW�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�WUDQVPLW�),)2�� 

��� 52 �[�� 
7)/� 
7UDQVPLW�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�WUDQVPLW�),)2�� 
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,�6B7'0B�&+B'0$&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

�� 5: �[� 
5'( 
5HFHLYH�'0$�(QDEOH 
�
E���5HFHLYH�'0$�GLVDEOHG�  
�
E���5HFHLYH�'0$�HQDEOHG 

����� 52 �[� UHVHUYHG 

����� 5: �[�� 

5'/ 
5HFHLYH�'DWD�/HYHO 
7KLV�ELW�ILHOG�FRQWUROV�WKH�OHYHO�DW�ZKLFK�D�'0$�UHTXHVW�LV�PDGH�E\�
WKH�UHFHLYH�ORJLF��7KH�ZDWHUPDUN�OHYHO� �'0$5'/����WKDW�LV��
GPDBU[BUHT�LV�JHQHUDWHG�ZKHQ�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�
LQ�WKH�UHFHLYH�),)2�LV�HTXDO�WR�RU�DERYH�WKLV�ILHOG�YDOXH����� 

���� 52 �[�� UHVHUYHG 

� 5: �[� 
7'( 
7UDQVPLW�'0$�(QDEOH 
�
E���7UDQVPLW�'0$�GLVDEOHG�  
�
E���7UDQVPLW�'0$�HQDEOHG 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

7'/ 
7UDQVPLW�'DWD�/HYHO 
7KLV�ELW�ILHOG�FRQWUROV�WKH�OHYHO�DW�ZKLFK�D�'0$�UHTXHVW�LV�PDGH�E\�
WKH�WUDQVPLW�ORJLF��,W�LV�HTXDO�WR�WKH�ZDWHUPDUN�OHYHO��WKDW�LV��WKH�
GPDBW[BUHT�VLJQDO�LV�JHQHUDWHG�ZKHQ�WKH�QXPEHU�RI�YDOLG�GDWD�
HQWULHV�LQ�WKH�7;�),)2�7;�),)2��LI�&65 ���7;�),)2��LI�
&65 ���7;�),)2��LI�&65 ���7;�),)2��LI�&65 ���LV�HTXDO�WR�RU�
EHORZ�WKLV�ILHOG�YDOXH� 

 
,�6B7'0B�&+B,17&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 5: �[�I 
5)7 
5HFHLYH�),)2�7KUHVKROG 
:KHQ�WKH�QXPEHU�RI�UHFHLYH�),)2�HQWULHV�LV�PRUH�WKDQ�RU�HTXDO�WR�
WKLV�WKUHVKROG�SOXV����WKH�UHFHLYH�),)2�IXOO�LQWHUUXSW�LV�WULJJHUHG� 

�� 52 �[� UHVHUYHG 

�� :2 �[� 
5;2,& 
5;�2YHUUXQ�,QWHUUXSW�&OHDU 
:ULWH���WR�FOHDU�5;�RYHUUXQ�LQWHUUXSW� 

�� 5: �[� 
5;2,( 
5;�2YHUUXQ�,QWHUUXSW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

�� 5: �[� 
5;),( 
5;�)XOO�,QWHUUXSW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

���� 52 �[�� UHVHUYHG 

��� 5: �[�� 
7)7 
7UDQVPLW�),)2�7KUHVKROG 
:KHQ�WKH�QXPEHU�RI�WUDQVPLW�),)2�HQWULHV�LV�OHVV�WKDQ�RU�HTXDO�WR�
WKLV�WKUHVKROG��WKH�WUDQVPLW�),)2�HPSW\�LQWHUUXSW�LV�WULJJHUHG� 

� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
7;8,& 
7;�8QGHUUXQ�,QWHUUXSW�&OHDU 
:ULWH���WR�FOHDU�7;�XQGHUUXQ�LQWHUUXSW� 

� 5: �[� 
7;8,( 
7;�8QGHUUXQ�,QWHUUXSW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
7;(,( 
7;�HPSW\�,QWHUUXSW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

 
,�6B7'0B�&+B,1765�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 52 �[� 
5;2, 
5;�2YHUUXQ�,QWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

�� 52 �[� 
5;), 
5;�)XOO�,QWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

���� 52 �[���� UHVHUYHG 

� 52 �[� 
7;8, 
7;�8QGHUUXQ�,QWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

� 52 �[� 
7;(, 
7;�(PSW\�,QWHUUXSW 
�
E���,QDFWLYH 
�
E���$FWLYH 

 
,�6B7'0B�&+B;)(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
5;6 
5;�6WDUW�%LW 
�
E���6WRS�5;�WUDQVIHU 
�
E���6WDUW�5;�WUDQVIHU 

� 5: �[� 
7;6 
7;�7UDQVIHU�6WDUW�%LW 
�
E���6WRS�7;�WUDQVIHU 
�
E���6WDUW�7;�WUDQVIHU 

 
,�6B7'0B�&+B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
5;& 
5;�/RJLF�&OHDU 
7KLV�LV�D�VHOI�FOHDUHG�ELW��:ULWH���WR�FOHDU�DOO�UHFHLYH�ORJLF� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
7;& 
7;�/RJLF�&OHDU 
7KLV�LV�D�VHOI�FOHDUHG�ELW��:ULWH���WR�FOHDU�DOO�WUDQVPLW�ORJLF� 

 
,�6B7'0B�&+B7;'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 
7;'5 
7UDQVPLW�),)2�'DWD�5HJLVWHU 
:KHQ�LW�LV�ZULWWHQ��GDWD�DUH�PRYHG�LQWR�WKH�WUDQVPLW�),)2� 

 
,�6B7'0B�&+B5;'5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 52 �[�������� 
5;'5 
5HFHLYH�),)2�'DWD�5HJLVWHU 
:KHQ�WKH�UHJLVWHU�LV�UHDG��GDWD�LQ�WKH�UHFHLYH�),)2�LV�DFFHVVHG� 

 
,�6B7'0B�&+B5;),)2/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 
5)/� 
5HFHLYH�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�UHFHLYH�),)2�� 

����� 52 �[�� 
5)/� 
5HFHLYH�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�UHFHLYH�),)2�� 

���� 52 �[�� 
5)/� 
5HFHLYH�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�UHFHLYH�),)2�� 

��� 52 �[�� 
5)/� 
5HFHLYH�),)2��/HYHO 
&RQWDLQV�WKH�QXPEHU�RI�YDOLG�GDWD�HQWULHV�LQ�WKH�UHFHLYH�),)2�� 

 
,�6B7'0B�&+B7'0B7;&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[� 

7;B7'0B)6<1&B:,'7+B6(/� 
7'0�7UDQVIHU�)V\QF�:LGWK�6HO� 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E�����6LQJOH�SHULRG�RI�WKH�VFONBW[ 
�
E�������SHULRG�RI�WKH�VFONBW[ 
Q��Q���SHULRG�RI�WKH�VFONBW[ 
�
E�������SHULRG�RI�WKH�VFONBW[ 
�
E�����7KH�ZLGWK�LV�HTXLYDOHQW�WR�D�FKDQQHO�EORFN� 
1RWH��)XQFWLRQ�ZKHQ�7;�7)6>���@�LV���RU��� 

�� 5: �[� 

7;B7'0B)6<1&B:,'7+B6(/� 
7'0�7UDQVIHU�)V\QF�:LGWK�6HO� 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E�������IUDPH�ZLGWK��,W�VKRXOG�EH�VHW�WR�DQ�HYHQ�QXPEHU� 
�
E���)UDPH�ZLGWK� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  714 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

7'0B7;B6+,)7B&75/ 
7'0�7UDQVIHU�6KLIW�&WUO 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E���� 
3&0�IRUPDW����1RUPDO�PRGH�� �GULYH�GDWD�RQ�WKH�VHFRQG�QHJHGJH�
RI�VFONBW[�DIWHU�ULVLQJ�HGJH�RI�7;�/5&.� 
,�6�IRUPDW����1RUPDO�PRGH 
�
E���� 
3&0�IRUPDW��������F\FOH�VKLIW�OHIW��GULYH�GDWD�RQ�VHFRQG�SRVHGJH�
RI�VFONBW[�DIWHU�ULVLQJ�HGJH�RI�7;�/5&.� 
,�6�IRUPDW����/HIW�MXVWLILHG�PRGH 
�
E���� 
3&0�IRUPDW������F\FOH�VKLIW�OHIW��GULYH�GDWD�RQ�ILUVW�QHJHGJH�RI�
VFONBW[�DIWHU�ULVLQJ�HGJH�RI�7;�/5&.� 
,�6�IRUPDW����5LJKW�MXVWLILHG�PRGH 
�
E���� 
3&0�IRUPDW��������F\FOH�VKLIW�OHIW��GULYH�GDWD�RQ�ILUVW�SRVHGJH�RI�
VFONBW[�DIWHU�ULVLQJ�HGJH�RI�7;�/5&.� 
,�6�IRUPDW��1RW�VXSSRUWHG 
�
E���� 
3&0�IRUPDW������F\FOH�VKLIW�OHIW��GULYH�GDWD�DOLJQHG�WR�WKH�SRVHGJH�
RI�7;�/5&.� 
,�6�IRUPDW��1RW�VXSSRUWHG 
�
E���a�
E�����1RW�VXSSRUWHG 
1RWH��)XQFWLRQ�ZKHQ�7;�7)6>���@�LV���RU��� 

���� 5: �[�� 

7'0B7;B6/27B%,7B:,'7+ 
7'0�7UDQVIHU�6ORW�%LWV 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
K��a�
K�H��5HVHUYHG 
�
K�I����ELW 
�
K������ELW 
�
K������ELW 
�
K������ELW 
������ 
�
K�I����ELW�  
1RWH��)XQFWLRQ�ZKHQ�7;�7)6>���@�LV���RU��� 

��� 5: �[��� 

7'0B7;B)5$0(B:,'7+ 
7'0�7UDQVIHU�)UDPH�:LGWK 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
K���a�
K��H��5HVHUYHG 
�
K��I����ELW 
�
K�������ELW 
�
K�������ELW 
�
K�������ELW 
������ 
�
K�II�����ELW 
1RWH��)XQFWLRQDO�ZKHQ�7;�7)6>���@�LV���RU��� 

 
,�6B7'0B�&+B7'0B5;&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

5;B7'0B)6<1&B:,'7+B6(/� 
7'0�5HFHLYH�)V\QF�:LGWK�6HO� 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E�����6LQJOH�SHULRG�RI�WKH�VFONBU[ 
�
E�������SHULRG�RI�WKH�VFONBU[ 
Q��Q���SHULRG�RI�WKH�VFONBU[ 
�
E�������SHULRG�RI�WKH�VFONBU[ 
�
E�����7KH�ZLGWK�LV�HTXLYDOHQW�WR�D�FKDQQHO�EORFN 
1RWH��)XQFWLRQ�ZKHQ�5;�7)6>���@�LV���RU��� 

�� 5: �[� 

5;B7'0B)6<1&B:,'7+B6(/� 
7'0�5HFHLYH�)V\QF�:LGWK�6HO� 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E�������IUDPH�ZLGWK��,W�VKRXOG�EH�VHW�WR�DQ�HYHQ�QXPEHU� 
�
E���)UDPH�ZLGWK 

����� 5: �[� 

7'0B5;B6+,)7B&75/ 
7'0�5HFHLYH�6KLIW�&WUO 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
E���� 
3&0�IRUPDW����1RUPDO�PRGH��VDPSOH�GDWD�RQ�WKH�WKLUG�SRVHGJH�
RI�VFONBU[�DIWHU�ULVLQJ�HGJH�RI�5;�/5&.� 
,�6�IRUPDW����1RUPDO�PRGH 
�
E���� 
3&0�IRUPDW��������F\FOH�VKLIW�OHIW��VDPSOH�GDWD�RQ�VHFRQG�
QHJHGJH�RI�VFONBU[�DIWHU�ULVLQJ�HGJH�RI�5;�/5&.� 
,�6�IRUPDW����OHIW�MXVWLILHG�PRGH 
�
E���� 
3&0�IRUPDW������F\FOH�VKLIW�OHIW��VDPSOH�GDWD�RQ�VHFRQG�SRVHGJH�
RI�VFONBU[�DIWHU�ULVLQJ�HGJH�RI�5;�/5&.� 
,�6�IRUPDW����5LJKW�MXVWLILHG�PRGH 
�
E���� 
3&0�IRUPDW��������F\FOH�VKLIW�OHIW��VDPSOH�GDWD�RQ�ILUVW�QHJHGJH�
RI�VFONBU[�DIWHU�ULVLQJ�HGJH�RI�5;�/5&.� 
,�6�IRUPDW��1RW�VXSSRUWHG 
�
E���� 
3&0�IRUPDW������F\FOH�VKLIW�OHIW��VDPSOH�GDWD�RQ�WKH�ILUVW�SRVHGJH�
RI�VFONBU[�DIWHU�ULVLQJ�HGJH�RI�5;�/5&.� 
,�6�IRUPDW��1RW�VXSSRUWHG 
�
E���a�
E�����1RW�VXSSRUWHG 
1RWH��)XQFWLRQ�ZKHQ�5;�7)6>���@�LV���RU��� 

���� 5: �[�� 

7'0B5;B6/27B%,7B:,'7+ 
7'0�5HFHLYH�6ORW�%LWV 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
K��a�
K�H��5HVHUYHG 
�
K�I����ELW 
�
K������ELW 
�
K������ELW 
�
K������ELW 
������ 
�
K�I����ELW�  
1RWH��)XQFWLRQ�ZKHQ�5;�7)6>���@�LV���RU��� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

7'0B5;B)5$0(B:,'7+ 
7'0�5HFHLYH�)UDPH�:LGWK 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�LV��� 
�
K���a�
K��H��5HVHUYHG 
�
K��I����ELW 
�
K�������ELW 
�
K�������ELW 
�
K�������ELW 
������ 
�
K�II�����ELW 
1RWH��)XQFWLRQDO�ZKHQ�5;�7)6>���@�LV���RU��� 

 
,�6B7'0B�&+B&/.',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 

5;B0',9 
5;�0FON�'LYLGHU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
PFONBU[�GLYLGHU� ��PFONBU[�VFONBU[���� 
)RU�H[DPSOH��LI�PFONBU[�GLYLGHU�LV����WKHQ�WKH�IUHTXHQF\�RI�VFONBU[�
LV�PFONBU[��� 

��� 5: �[�� 

7;B0',9 
7;�0FON�'LYLGHU 
&DQ�EH�ZULWWHQ�RQO\�ZKHQ�;)(5>�@�ELW�LV��� 
PFONBW[�GLYLGHU� ��PFONBW[�VFONBW[���� 
)RU�H[DPSOH��LI�PFONBW[�GLYLGHU�LV����WKHQ�WKH�IUHTXHQF\�RI�VFONBW[�
LV�PFONBW[��� 

 
,�6B7'0B�&+B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������I� 9(5 

,�6�9HUVLRQ 

 
 

21.5 Interface Description 
Three I2S controllers embed in the chip are I2S1, I2S2 and I2S3. The I2S1 is connected to 
three groups of IO interfaces. The I2S2/3 is connected to two groups of IO interfaces. 
The following table shows the I2S1 group 0 interface description. 

Table 21-1 I2S1 Group 0 Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s1_mclkm0 I/O I2S1_MCLK_M0/UART3_RTSn_M0/SCR_CLK/PCIE30X1_
PERSTn_M2/GPIO1_A2_d 

*5)B*3,2�$B,208;B/>����@ �¶E��� 

i2s1_sclktxm0 I/O I2S1_SCLK_TX_M0/UART3_CTSn_M0/SCR_IO/PCIE30X
1_WAKEn_M2/ACODEC_DAC_CLK/GPIO1_A3_d 

*5)B*3,2�$B,208;B/>�����@ �¶E��� 

i2s1_sclkrxm0 I/O I2S1_SCLK_RX_M0/UART4_RX_M0/PDM_CLK1_M0/SPD
IF_TX_M0/GPIO1_A4_d 

*5)B*3,2�$B,208;B+>���@ �¶E��� 

i2s1_lrcktxm0 I/O I2S1_LRCK_TX_M0/UART4_RTSn_M0/SCR_RST/PCIE30
X1_CLKREQn_M2/ACODEC_DAC_SYNC/GPIO1_A5_d 

*5)B*3,2�$B,208;B+>���@ �¶E��� 

i2s1_lrckrxm0 I/O I2S1_LRCK_RX_M0/UART4_TX_M0/PDM_CLK0_M0/AUD
IOPWM_ROUT_P/GPIO1_A6_d 

*5)B*3,2�$B,208;B+>����@ �¶E��� 

i2s1_sdo0m0 I I2S1_SDO0_M0/UART4_CTSn_M0/SCR_DET/AUDIOPW
M_ROUT_N/ACODEC_DAC_DATAL/GPIO1_A7_d 

*5)B*3,2�$B,208;B+>�����@ �¶E��� 

i2s1_sdo1m0 O I2S1_SDO1_M0/I2S1_SDI3_M0/PDM_SDI3_M0/PCIE20 *5)B*3,2�%B,208;B/>���@ �¶E��� 
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Module Pin Dir. Pad Name IOMUX Setting 
i2s1_sdi3m0 I _CLKREQn_M2/ACODEC_DAC_DATAR/GPIO1_B0_d *5)B*3,2�%B,208;B/>���@ �¶E��� 

i2s1_sdo2m0 O I2S1_SDO2_M0/I2S1_SDI2_M0/PDM_SDI2_M0/PCIE20
_WAKEn_M2/ACODEC_ADC_SYNC/GPIO1_B1_d 

*5)B*3,2�%B,208;B/>���@ �¶E��� 

i2s1_sdi2m0 I *5)B*3,2�%B,208;B/>���@ �¶E��� 

i2s1_sdo3m0 O I2S1_SDO3_M0/I2S1_SDI1_M0/PDM_SDI1_M0/PCIE20
_PERSTn_M2/GPIO1_B2_d 

*5)B*3,2�%B,208;B/>����@ �¶E��� 
i2s1_sdi1m0 I *5)B*3,2�%B,208;B/>����@ �¶E��� 
i2s1_sdi0m0 I I2S1_SDI0_M0/PDM_SDI0_M0/GPIO1_B3_d *5)B*3,2�%B,208;B/>�����@ �¶E��� 
7KH�IROORZLQJ�WDEOH�VKRZV�WKH�,�6��JURXS���LQWHUIDFH�GHVFULSWLRQ� 

Table 21-2 I2S1 Group 1 Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s1_mclkm1 I/O CIF_D0/EBC_SDDO0/SDMMC2_D0_M0/I2S1_MCLK_M1/
VOP_BT656_D0_M1/GPIO3_C6_d 

*5)B*3,2�&B,208;B+>����@ �¶E��� 

i2s1_sclktxm1 I/O CIF_D1/EBC_SDDO1/SDMMC2_D1_M0/I2S1_SCLK_TX_
M1/VOP_BT656_D1_M1/GPIO3_C7_d 

*5)B*3,2�&B,208;B+>�����@ �¶E��� 

i2s1_lrcktxm1 I/O CIF_D2/EBC_SDDO2/SDMMC2_D2_M0/I2S1_LRCK_TX_
M1/VOP_BT656_D2_M1/GPIO3_D0_d 

*5)B*3,2�'B,208;B/>���@ �¶E��� 

i2s1_sdo0m1 I/O CIF_D3/EBC_SDDO3/SDMMC2_D3_M0/I2S1_SDO0_M1
/VOP_BT656_D3_M1/GPIO3_D1_d 

*5)B*3,2�'B,208;B/>���@ �¶E��� 

i2s1_sdi0m1 I/O CIF_D4/EBC_SDDO4/SDMMC2_CMD_M0/I2S1_SDI0_M
1/VOP_BT656_D4_M1/GPIO3_D2_d 

*5)B*3,2�'B,208;B/>����@ �¶E��� 

i2s1_sdi1m1 I CIF_D5/EBC_SDDO5/SDMMC2_CLK_M0/I2S1_SDI1_M1
/VOP_BT656_D5_M1/GPIO3_D3_d 

*5)B*3,2�'B,208;B/>�����@ �¶E��� 

i2s1_sdi2m1 O CIF_D6/EBC_SDDO6/SDMMC2_DET_M0/I2S1_SDI2_M1
/VOP_BT656_D6_M1/GPIO3_D4_d 

*5)B*3,2�'B,208;B+>���@ �¶E��� 

i2s1_sdi3m1 I/O CIF_D7/EBC_SDDO7/SDMMC2_PWREN_M0/I2S1_SDI3_
M1/VOP_BT656_D7_M1/GPIO3_D5_d 

*5)B*3,2�'B,208;B+>���@ �¶E��� 

i2s1_sclkrxm1 I/O ISP_FLASHTRIGOUT/EBC_SDCE0/GMAC1_TXEN_M1/SPI
3_CS0_M0/I2S1_SCLK_RX_M1/GPIO4_A6_d 

GRF_G3,2�$B,208;B+>����@ �¶E��� 

i2s1_lrckrxm1 I/O CAM_CLKOUT0/EBC_SDCE1/GMAC1_RXD0_M1/SPI3_C
S1_M0/I2S1_LRCK_RX_M1/GPIO4_A7_d 

*5)B*3,2�$B,208;B+>�����@ �¶E��� 

i2s1_sdo1m1  CAM_CLKOUT1/EBC_SDCE2/GMAC1_RXD1_M1/SPI3_MI
SO_M0/I2S1_SDO1_M1/GPIO4_B0_d 

*5)B*3,2�%B,208;B/>���@ �¶E��� 

i2s1_sdo2m1  ISP_PRELIGHT_TRIG/EBC_SDCE3/GMAC1_RXDV_CRS_
M1/I2S1_SDO2_M1/GPIO4_B1_d 

*5)B*3,2�%B,208;B/>���@ �¶E��� 

i2s1_sdo3m1  I2C2_SCL_M1/EBC_SDSHR/CAN2_TX_M0/I2S1_SDO3_
M1/GPIO4_B5_d 

*5)B*3,2�%B,208;B+>���@ �¶E��� 

 
Table 21-3 I2S1 Group 2 Interface Description 

Module Pin Dir. Pad Name IOMUX Setting 
i2s1_mclkm2 I/O LCDC_D0/VOP_BT656_D0_M0/SPI0_MISO_M1/PCIE20_

CLKREQn_M1/I2S1_MCLK_M2/GPIO2_D0_d 
*5)B*3,2�'B,208;B/>���@ �¶E��� 

i2s1_sclktxm2 I/O LCDC_D1/VOP_BT656_D1_M0/SPI0_MOSI_M1/PCIE20_
WAKEn_M1/I2S1_SCLK_TX_M2/GPIO2_D1_d 

*5)B*3,2�'B,208;B/>���@ �¶E��� 

i2s1_lrcktxm2 I/O LCDC_D2/VOP_BT656_D2_M0/SPI0_CS0_M1/PCIE30X1
_CLKREQn_M1/I2S1_LRCK_TX_M2/GPIO2_D2_d 

*5)B*3,2�'B,208;B/>����@ �¶E��� 

i2s1_sdi0m2 I LCDC_D3/VOP_BT656_D3_M0/SPI0_CLK_M1/PCIE30X1
_WAKEn_M1/I2S1_SDI0_M2/GPIO2_D3_d 

*5)B*3,2�'B,208;B/>�����@ �¶E��� 

i2s1_sdi1m2 I LCDC_D4/VOP_BT656_D4_M0/SPI2_CS1_M1/PCIE30X2
_CLKREQn_M1/I2S1_SDI1_M2/GPIO2_D4_d 

*5)B*3,2�'B,208;B+>���@ �¶E��� 

i2s1_sdi2m2 I LCDC_D5/VOP_BT656_D5_M0/SPI2_CS0_M1/PCIE30X2
_WAKEn_M1/I2S1_SDI2_M2/GPIO2_D5_d 

*5)B*3,2�'B,208;B+>���@ �¶E��� 

i2s1_sdi3m2 I LCDC_D6/VOP_BT656_D6_M0/SPI2_MOSI_M1/PCIE30X
2_PERSTn_M1/I2S1_SDI3_M2/GPIO2_D6_d 

*5)B*3,2�'B,208;B+>����@ �¶E��� 

i2s1_sdo0m2 O LCDC_D7/VOP_BT656_D7_M0/SPI2_MISO_M1/UART8_
TX_M1/I2S1_SDO0_M2/GPIO2_D7_d 

*5)B*3,2�'B,208;B+>�����@ �¶E��� 

i2s1_sdo1m2 O LCDC_CLK/VOP_BT656_CLK_M0/SPI2_CLK_M1/UART8_
RX_M1/I2S1_SDO1_M2/GPIO3_A0_d 

*5)B*3,2�$B,208;B/>���@ �¶E��� 

i2s1_sdo2m2 O LCDC_HSYNC/VOP_BT1120_D13/SPI1_MOSI_M1/PCIE2
0_PERSTn_M1/I2S1_SDO2_M2/GPIO3_C1_d 

*5)B*3,2�&B,208;B/>���@ �¶E��� 

i2s1_sdo3m2 O LCDC_VSYNC/VOP_BT1120_D14/SPI1_MISO_M1/UART
5_TX_M1/I2S1_SDO3_M2/GPIO3_C2_d 

*5)B*3,2�&B,208;B/>����@ �¶E��� 

i2s1_sclkrxm2 I/O LCDC_DEN/VOP_BT1120_D15/SPI1_CLK_M1/UART5_R
X_M1/I2S1_SCLK_RX_M2/GPIO3_C3_d 

*5)B*3,2�&B,208;B/>�����@ �¶E��� 

i2s1_lrckrxm2 I/O PWM15_IR_M0/SPDIF_TX_M1/GMAC1_MDIO_M0/UART
7_RX_M1/I2S1_LRCK_RX_M2/GPIO3_C5_d 

*5)B*3,2�&B,208;B/>���@ �¶E��� 

 
7KH�,�6��LV�FRQQHFWHG�WR�WZR�JURXSV�RI�,2�LQWHUIDFHV��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�,�6��
JURXS���LQWHUIDFH�GHVFULSWLRQ� 
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Table 21-3 I2S2 Group 0 Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s2_sclkrxm0 I/O I2S2_SCLK_RX_M0/GMAC0_RXD1/UART6_RTSn_M0/SP
I1_MOSI_M0/GPIO2_B7_d GRF_GPIO2B_IOMUX_H[14:12]=3¶b001 

i2s2_lrckrxm0 I/O I2S2_LRCK_RX_M0/GMAC0_RXDV_CRS/UART6_CTSn_
M0/SPI1_CS0_M0/GPIO2_C0_d GRF_GPIO2C_IOMUX_L[2:0]=3¶b001 

i2s2_mclkm0 I/O I2S2_MCLK_M0/ETH0_REFCLKO_25M/UART7_RTSn_M0
/SPI2_CLK_M0/GPIO2_C1_d GRF_GPIO2C_IOMUX_L[6:4]=3¶b001 

i2s2_sclktxm0 I/I I2S2_SCLK_TX_M0/GMAC0_MCLKINOUT/UART7_CTSn_
M0/SPI2_MISO_M0/GPIO2_C2_d GRF_GPIO2C_IOMUX_L[10:8]=3¶b001 

i2s2_lrcktxm0 I/O I2S2_LRCK_TX_M0/GMAC0_MDC/UART9_RTSn_M0/SPI
2_MOSI_M0/GPIO2_C3_d GRF_GPIO2C_IOMUX_L[14:12]=3¶b001 

i2s2_sdom0 O I2S2_SDO_M0/GMAC0_MDIO/UART9_CTSn_M0/SPI2_C
S0_M0/GPIO2_C4_d GRF_GPIO2C_IOMUX_H[2:0]=3¶b001 

i2s2_sdim0 I I2S2_SDI_M0/GMAC0_RXER/UART8_TX_M0/SPI2_CS1_
M0/GPIO2_C5_d GRF_GPIO2C_IOMUX_H[6:4]=3¶b001 

Table 21-4 I2S2 Group 1 Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s2_lrcktxm1 I/O CIF_D14/EBC_SDDO14/GMAC1_TXD0_M1/UART9_TX_
M2/I2S2_LRCK_TX_M1/GPIO4_A4_d GRF_GPIO4A_IOMUX_H[2:0]=3¶b101 

i2s2_lrckrxm1 I/O CIF_D15/EBC_SDDO15/GMAC1_TXD1_M1/UART9_RX_
M2/I2S2_LRCK_RX_M1/GPIO4_A5_d GRF_GPIO4A_IOMUX_H[6:4]=3¶b101 

i2s2_sdim1 I I2C4_SDA_M0/EBC_VCOM/GMAC1_RXER_M1/SPI3_MO
SI_M0/I2S2_SDI_M1/GPIO4_B2_d GRF_GPIO4B_IOMUX_L[10:8]=3¶b101 

i2s2_sdom1 O I2C4_SCL_M0/EBC_GDOE/ETH1_REFCLKO_25M_M1/SP
I3_CLK_M0/I2S2_SDO_M1/GPIO4_B3_d GRF_GPIO4B_IOMUX_L[14:12]=3¶b101 

i2s2_mclkm1 I/O CIF_HREF/EBC_SDLE/GMAC1_MDC_M1/UART1_RTSn_M
1/I2S2_MCLK_M1/GPIO4_B6_d GRF_GPIO4B_IOMUX_H[10:8]=3¶b101 

i2s2_sclkrxm1 I/O CIF_CLKIN/EBC_SDCLK/GMAC1_MCLKINOUT_M1/UART
1_CTSn_M1/I2S2_SCLK_RX_M1/GPIO4_C1_d GRF_GPIO4C_IOMUX_L[6:4]=3¶b101 

i2s2_sclktxm1 I/O CIF_VSYNC/EBC_SDOE/GMAC1_MDIO_M1/I2S2_SCLK_
TX_M1/GPIO4_B7_d GRF_GPIO4B_IOMUX_H[14:12]=3¶b100 

7KH�,�6��LV�FRQQHFWHG�WR�WZR�JURXSV�RI�,2�LQWHUIDFHV��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�,�6��
JURXS���LQWHUIDFH�GHVFULSWLRQ� 

Table 21-5 I2S3 Group 0Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s3_mclkm0 I/O LCDC_D9/VOP_BT1120_D1/GMAC1_TXD2_M0/I2S3_MC
LK_M0/SDMMC2_D1_M1/GPIO3_A2_d GRF_GPIO2A_IOMUX_L[2:0]=3¶b001 

i2s3_sclkm0 I/O LCDC_D10/VOP_BT1120_D2/GMAC1_TXD3_M0/I2S3_S
CLK_M0/SDMMC2_D2_M1/GPIO3_A3_d GRF_GPIO3A_IOMUX_L[10:8]=3¶b001 

i2s3_lrckm0 I/O LCDC_D11/VOP_BT1120_D3/GMAC1_RXD2_M0/I2S3_L
RCK_M0/SDMMC2_D3_M1/GPIO3_A4_d GRF_GPIO3A_IOMUX_H[14:12]=3¶b001 

i2s3_sdom0 O LCDC_D12/VOP_BT1120_D4/GMAC1_RXD3_M0/I2S3_S
DO_M0/SDMMC2_CMD_M1/GPIO3_A5_d GRF_GPIO3A_IOMUX_H[6:4]=3¶b001 

i2s3_sdim0 I LCDC_D13/VOP_BT1120_CLK/GMAC1_TXCLK_M0/I2S3
_SDI_M0/SDMMC2_CLK_M1/GPIO3_A6_d GRF_GPIO3A_IOMUX_H[2:0]=3¶b001 

Table 21-6 I2S3 Group 1Interface Description 
Module Pin Dir. Pad Name IOMUX Setting 

i2s3_mclkm1 I/O PWM14_M1/SPI3_CLK_M1/CAN1_RX_M1/PCIE30X2_CL
KREQn_M2/I2S3_MCLK_M1/GPIO4_C2_d GRF_GPIO4C_IOMUX_L[10:8]=3¶b101 

i2s3_sclkm1 I/O PWM15_IR_M1/SPI3_MOSI_M1/CAN1_TX_M1/PCIE30X
2_WAKEn_M2/I2S3_SCLK_M1/GPIO4_C3_d GRF_GPIO4C_IOMUX_L[14:12]=3¶b101 

i2s3_lrckm1 I/O EDP_DP_HPDIN_M0/SPDIF_TX_M2/SATA2_ACT_LED/PC
IE30X2_PERSTn_M2/I2S3_LRCK_M1/GPIO4_C4_d GRF_GPIO4C_IOMUX_H[2:0]=3¶b101 

i2s3_sdom1 O PWM12_M1/SPI3_MISO_M1/SATA1_ACT_LED/UART9_T
X_M1/I2S3_SDO_M1/GPIO4_C5_d GRF_GPIO4C_IOMUX_H[6:4]=3¶b101 

i2s3_sdim1 I PWM13_M1/SPI3_CS0_M1/SATA0_ACT_LED/UART9_RX
_M1/I2S3_SDI_M1/GPIO4_C6_d GRF_GPIO4C_IOMUX_H[10:8]=3¶b101 

21.6 Application Notes 
21.6.1 6RIWZDUH�$SSOLFDWLRQ�1RWHV 
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Disable I2Sx transmitter by writing 0x0 to I2Sx_XFER[0]

Clear control logic by writing 0x1 to I2Sx_CLR[0]

Read I2Sx_CLR[0]

Write I2Sx_TXCR &I2Sx_CKR to config I2Sx 
operation mode 

Config a DMA channel for I2Sx transmitter and the destination 
address is I2Sx_TXDR

Write I2Sx_DMACR to determine when to issue dma request

Enable I2Sx transmitter by writing 0x1 to I2Sx_XFER[0]

I2Sx_XFER[0] can not be disabled until the current transfer has 
completed

I2Sx
Contrlloller
(8 channel) 

Configuration

DMA 
Controller

Configuration

I2Sx_CLR[0]= 0x1

I2Sx_CLR= 0x0

x=1

 
	��ǤʹͳǦʹͲ��ʹ�Ȁ���Ȁ����������������������������������	��������� 

1RWH��8VHU�VKRXOG�FOHDU�7;�5;�ORJLFDO�E\�&/5>�@�&/5>�@�DQG�ZDLW�FOHDU�RSHUDWLRQ�GRQH�EHIRUH�FRQILJXUH�WKH�
RWKHU�UHJLVWHUV��  
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Chapter 22 I2C Interface 
22  

22.1 Overview 
7KH�,QWHU�,QWHJUDWHG�&LUFXLW��,�&��LV�D�WZR�ZLUHG��6&/�DQG�6'$���EL�GLUHFWLRQDO�VHULDO�EXV�
WKDW�SURYLGHV�DQ�HIILFLHQW�DQG�VLPSOH�PHWKRG�RI�LQIRUPDWLRQ�H[FKDQJH�EHWZHHQ�GHYLFHV��7KLV�
,�&�EXV�FRQWUROOHU�VXSSRUWV�PDVWHU�PRGH�DFWLQJ�DV�D�EULGJH�EHWZHHQ�$0%$�SURWRFRO�DQG�
JHQHULF�,�&�EXV�V\VWHP� 
,�&�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW���LQGHSHQGHQW�,�&��,�&���,�&���,�&���,�&��,�&��,�&� 
z ,WHP�&RPSDWLEOH�ZLWK�,�&�EXV�  
z $0%$�$3%�VODYH�LQWHUIDFH�  
z 6XSSRUWV�PDVWHU�PRGH�RI�,�&�EXV�  
z 6RIWZDUH�SURJUDPPDEOH�FORFN�IUHTXHQF\�DQG�WUDQVIHU�UDWH�XS�WR����.ELW�VHF 
z 6XSSRUWV���ELWV�DQG����ELWV�DGGUHVVLQJ�PRGHV 
z ,QWHUUXSW�RU�SROOLQJ�GULYHQ�PXOWLSOH�E\WHV�GDWD�WUDQVIHU 
z &ORFN�VWUHWFKLQJ�DQG�ZDLW�VWDWH�JHQHUDWLRQ 
z )LOWHU�RXW�JOLWFK�RQ�6&/�DQG�6'$ 

22.2 Block Diagram 
APB BUS

I2C_TOP

I2C_RF I2C_PE I2C BUS

pclk

int

 
Fig.22-1 I2C architecture 

22.2.1 ,�&B5) 
,�&B5)�PRGXOH�LV�XVHG�WR�FRQWURO�WKH�,�&�FRQWUROOHU�RSHUDWLRQ�E\�WKH�KRVW�ZLWK�$3%�
LQWHUIDFH��,W�LPSOHPHQWV�WKH�UHJLVWHU�VHW�DQG�WKH�LQWHUUXSW�IXQFWLRQDOLW\��7KH�&65�FRPSRQHQW�
RSHUDWHV�V\QFKURQRXVO\�ZLWK�WKH�SFON�FORFN� 

22.2.2 ,�&B3( 
,�&B3(�PRGXOH�LPSOHPHQWV�WKH�,�&�PDVWHU�RSHUDWLRQ�IRU�WUDQVPLW�GDWD�WR�DQG�UHFHLYH�GDWD�
IURP�RWKHU�,�&�GHYLFHV��7KH�,�&�PDVWHU�FRQWUROOHU�RSHUDWHV�V\QFKURQRXVO\�ZLWK�WKH�SFON� 

22.2.3 ,�&B723 
,�&B723�PRGXOH�LV�WKH�WRS�PRGXOH�RI�WKH�,�&�FRQWUROOHU� 

22.3 Function Description 
7KLV�FKDSWHU�SURYLGHV�D�GHVFULSWLRQ�DERXW�WKH�IXQFWLRQV�DQG�EHKDYLRU�XQGHU�YDULRXV�
FRQGLWLRQV� 
7KH�,�&�FRQWUROOHU�VXSSRUWV�RQO\�0DVWHUIXQFWLRQ��,WVXSSRUWV�WKH���ELWV����ELWV�DGGUHVVLQJ�
PRGH�DQG�VXSSRUW�JHQHUDO�FDOO�DGGUHVV��7KH�PD[LPXP�FORFN�IUHTXHQF\�DQG�WUDQVIHU�UDWH�FDQ�
EH�XS�WR����.ELW�VHF� 
7KH�RSHUDWLRQV�RI�,�&�FRQWUROOHU�LV�GLYLGHG�WR���SDUWV�DQG�GHVFULEHG�VHSDUDWHO\��LQLWLDOL]DWLRQ�
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DQG�PDVWHU�PRGH�SURJUDPPLQJ� 

22.3.1 ,QLWLDOL]DWLRQ 
7KH�,�&�FRQWUROOHU�LV�EDVHG�RQ�$0%$�$3%�EXV�DUFKLWHFWXUH�DQG�XVXDOO\�LV�SDUW�RI�D�62&��6R�
EHIRUH�,�&�RSHUDWHV��VRPH�V\VWHP�VHWWLQJ�DQG�FRQILJXUDWLRQ�PXVW�EH�FRQIRUPHG��ZKLFK�
LQFOXGHV��  
z ,�&�LQWHUUXSW�FRQQHFWLRQ�W\SH��&38�LQWHUUXSW�VFKHPH�VKRXOG�EH�FRQVLGHUHG��,I�WKH�,�&�

LQWHUUXSW�LV�FRQQHFWHG�WR�H[WUD�,QWHUUXSW�&RQWUROOHU�PRGXOH��ZH�QHHG�GHFLGH�WKH�,17&�
YHFWRU��  

z ,�&�&ORFN�5DWH��7KH�,�&�FRQWUROOHU�XVHV�WKH�$3%�FORFN�DV�WKH�ZRUNLQJ�FORFN�VR�WKH�$3%�
FORFN�ZLOO�GHWHUPLQH�WKH�,�&�EXV�FORFN��7KH�FRUUHFW�UHJLVWHU�VHWWLQJ�LV�VXEMHFW�WR�WKH�
V\VWHP�UHTXLUHPHQW��  

22.3.2 0DVWHU�0RGH�3URJUDPPLQJ 
z 6&/�&ORFN 
:KHQ�WKH�,�&�FRQWUROOHU�LV�SURJUDPPHG�LQ�0DVWHU�PRGH��WKH�6&/�IUHTXHQF\�LV�
GHWHUPLQHG�E\�,�&B&/.',9�UHJLVWHU��7KH�6&/�IUHTXHQF\�LV�FDOFXODWHG�E\�WKH�IROORZLQJ�
IRUPXOD� 
6&/�'LYLVRU� ���&/.',9/�������&/.',9+����� 
6&/� �3&/.��6&/.�'LYLVRU 
 

z 'DWD�5HFHLYHU�5HJLVWHU�$FFHVV 
:KHQ�WKH�,�&�FRQWUROOHU�UHFHLYHG�05;&17�E\WHV�GDWD᧨�&38�FDQ�JHW�WKH�GDWD�WKURXJK�
UHJLVWHU�5;'$7$��a�5;'$7$���7KH�FRQWUROOHU�FDQ�UHFHLYH�XS�WR����E\WHV¶�GDWD�LQ�RQH�
WUDQVDFWLRQ��  
:KHQ�05;&17�UHJLVWHU�LV�ZULWWHQ��WKH�,�&�FRQWUROOHU�ZLOO�VWDUW�WR�GULYH�6&/�WR�UHFHLYH�
GDWD� 
 

z 7UDQVPLW�7UDQVPLWWHU�5HJLVWHU 
'DWD�WR�WUDQVPLW�DUH�ZULWWHQ�WR�7;'$7$�a��E\�&38��7KH�FRQWUROOHU�FDQ�WUDQVPLW�XS�WR����
E\WHV¶�GDWD�LQ�RQH�WUDQVDFWLRQ��7KH�ORZHU�E\WH�ZLOO�EH�WUDQVPLWWHG�ILUVW� 
:KHQ�07;&17�UHJLVWHU�LV�ZULWWHQ��WKH�,�&�FRQWUROOHU�ZLOO�VWDUW�WR�WUDQVPLW�GDWD��  
 

z 6WDUW�&RPPDQG 
:ULWH���WR�,�&B&21>�@��WKH�FRQWUROOHU�ZLOO�VHQG�,�&�VWDUW�FRPPDQG� 
 

z 6WRS�&RPPDQG 
:ULWH���WR�,�&B&21>�@��WKH�FRQWUROOHU�ZLOO�VHQG�,�&�VWRS�FRPPDQG 
 

z ,�&�2SHUDWLRQ�PRGH 
7KHUH�DUH�IRXU�L�F�RSHUDWLRQ�PRGHV� 
� :KHQ�,�&B&21>���@�LV��¶E����WKH�FRQWUROOHU�WUDQVPLW�DOO�YDOLG�GDWD�LQ�

7;'$7$�a7;'$7$��E\WH�E\�E\WH��7KH�FRQWUROOHU�ZLOO�WUDQVPLW�ORZHU�E\WH�ILUVW� 
� :KHQ�,�&B&21>���@�LV��¶E���WKH�FRQWUROOHU�ZLOO�WUDQVPLW�GHYLFH�DGGUHVV�LQ�05;$''5�

ILUVW��:ULWH�5HDG�ELW� ����DQG�WKHQ�WUDQVPLW�GHYLFH�UHJLVWHU�DGGUHVV�LQ�05;5$''5��
$IWHU�WKDW��WKH�FRQWUROOHU�ZLOO�DVVHUW�UHVWDUW�VLJQDO�DQG�UHVHQG�05;$''5��:ULWH�5HDG�
ELW� �����$W�ODVW��WKH�FRQWUROOHU�HQWHU�UHFHLYH�PRGH��  

� :KHQ�,�&B&21>���@�LV��¶E����WKH�FRQWUROOHU�LV�LQ�UHFHLYH�PRGH��LW�ZLOO�WULJJHU�FORFN�
WR�UHDG�05;&17�E\WH�GDWD� 

� :KHQ�,�&B&21>���@�LV��¶E����WKH�FRQWUROOHU�ZLOO�WUDQVPLW�GHYLFH�DGGUHVV�LQ�
05;$''5�ILUVW��:ULWH�5HDG�ELW� ����DQG�WKHQ�WUDQVPLW�GHYLFH�UHJLVWHU�DGGUHVV�LQ�
05;5$''5���$IWHU�WKDW��WKH�FRQWUROOHU�ZLOO�DVVHUW�UHVWDUW�VLJQDO�DQG�UHVHQG�
05;$''5��:ULWH�5HDG�ELW� �����$W�ODVW��WKH�FRQWUROOHU�HQWHU�UHFHLYH�PRGH� 

 
z 5HDG�:ULWH�&RPPDQG 
� :KHQ�,�&B2302'(�,�&B&21>���@��LV��¶E���RU��¶E����WKH�5HDG�:ULWH�FRPPDQG�ELW�

LV�GHFLGHG�E\�FRQWUROOHU�LWVHOI��  
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� ,Q�5;�RQO\�PRGH��,�&B&21>���@�LV��¶E�����WKH�5HDG�:ULWH�FRPPDQG�ELW�LV�GHFLGHG�
E\�05;$''5>�@� 

� ,Q�7;�RQO\�PRGH��,�&B&21>>���@�LV��¶E�����WKH�5HDG�:ULWH�FRPPDQG�ELW�LV�GHFLGHG�
E\�7;'$7$>�@� 

 
z 0DVWHU�,QWHUUXSW�&RQGLWLRQ 
7KHUH�DUH���LQWHUUXSW�ELWV�LQ�,�&B,65�UHJLVWHU�UHODWHG�WR�PDVWHU�PRGH��  
� %\WH�WUDQVPLWWHG�ILQLVK�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�FRPSOHWHG�

WUDQVPLWWLQJ�D�E\WH� 
� %\WH�UHFHLYHG�ILQLVK�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�FRPSOHWHG�

UHFHLYLQJ�D�E\WH� 
� 07;&17�E\WHV�GDWD�WUDQVPLWWHG�ILQLVK�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�

0DVWHU�FRPSOHWHG�WUDQVPLWWLQJ�07;&17�E\WHV� 
� 05;&17�E\WHV�GDWD�UHFHLYHG�ILQLVK�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�

FRPSOHWHG�UHFHLYLQJ�05;&17�E\WHV� 
� 6WDUW�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�ILQLVKHG�DVVHUWLQJ�VWDUW�

FRPPDQG�WR�,�&�EXV� 
� 6WRS�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�ILQLVKHG�DVVHUWLQJ�VWRS�

FRPPDQG�WR�,�&�EXV� 
� 1$.�UHFHLYHG�LQWHUUXSW��%LW�����7KH�ELW�LV�DVVHUWHG�ZKHQ�0DVWHU�UHFHLYHG�D�1$.�

KDQGVKDNH� 
 

z /DVW�E\WH�DFNQRZOHGJH�FRQWURO 
� ,I�,�&B&21>�@�LV����WKH�,�&�FRQWUROOHU�ZLOO�WUDQVPLW�1$.�KDQGVKDNH�WR�VODYH�ZKHQ�

WKH�ODVW�E\WH�UHFHLYHG�LQ�5;�RQO\�PRGH� 
� ,I�,�&B&21>�@�LV����WKH�,�&�FRQWUROOHU�ZLOO�WUDQVPLW�$&.�KDQGVKDNH�WR�VODYH�ZKHQ�

WKH�ODVW�E\WH�UHFHLYHG�LQ�5;�RQO\�PRGH� 
 

z +RZ�WR�KDQGOH�1$.�KDQGVKDNH�UHFHLYHG 
� ,I�,�&B&21>�@�LV����WKH�,�&�FRQWUROOHU�ZLOO�VWRS�DOO�WUDQVDFWLRQV�ZKHQ�1$.�KDQGVKDNH�

UHFHLYHG��$QG�WKH�VRIWZDUH�VKRXOG�WDNH�UHVSRQVLELOLW\�WR�KDQGOH�WKH�SUREOHP� 
� ,I�,�&B&21>�@�LV����WKH�,�&�FRQWUROOHU�ZLOO�LJQRUH�DOO�1$.�KDQGVKDNH�UHFHLYHG��  
 

z ,�&�FRQWUROOHU�GDWD�WUDQVIHU�ZDYHIRUP 
� %LW�WUDQVIHUULQJ 

� 'DWD�9DOLGLW\ 
7KH�6'$�OLQH�PXVW�EH�VWDEOH�GXULQJ�WKH�KLJK�SHULRG�RI�6&/��DQG�WKH�GDWD�RQ�6'$�OLQH�FDQ�RQO\�EH�
FKDQJHG�ZKHQ�6&/�LV�LQ�ORZ�VWDWH� 

 
Fig.22-2I2C DATA Validity 

� 67$57�DQG�6723�FRQGLWLRQV 
67$57�FRQGLWLRQ�RFFXUV�ZKHQ�6'$�JRHV�ORZ�ZKLOH�6&/�LV�LQ�KLJK�SHULRG��6723�FRQGLWLRQ�LV�
JHQHUDWHG�ZKHQ�6'$�OLQH�JRHV�KLJK�ZKLOH�6&/�LV�LQ�KLJK�VWDWH� 
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Fig.22-3 I2C Start and stop conditions 

� 'DWD�WUDQVIHU 
¾ $FNQRZOHGJH 

$IWHU�D�E\WH�RI�GDWD�WUDQVIHUULQJ��FORFNV�ODEHOHG�DV��a����LQ��WK�FORFN�WKH�UHFHLYHU�PXVW�DVVHUW�DQ�$&.�
VLJQDO�RQ�6'$�OLQH��LI�WKH�UHFHLYHU�SXOOV�6'$�OLQH�WR�ORZ��LW�PHDQV�³$&.´��RQ�WKH�FRQWUDU\��LW¶V�³127�
$&.´� 

 
Fig.22-4 I2C Acknowledge 

¾ %\WH�WUDQVIHU 
7KH�PDVWHU�RZQ�,�&�EXV�PLJKW�LQLWLDWH�PXOWL�E\WH�WR�WUDQVIHU�WR�D�VODYH�7KH�WUDQVIHU�VWDUWV�IURP�D�
³67$57´�FRPPDQG�DQG�HQGV�LQ�D�³6723´FRPPDQG��$IWHU�HYHU\�E\WH�WUDQVIHU��WKH�UHFHLYHU�PXVW�UHSO\�
DQ�$&.�WR�WUDQVPLWWHU� 

 
Fig.22-5 I2C byte transfer 
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22.4 Register Description 

22.4.1 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

RKI2C_CON  0x0000  W  0x00030000  control register  

RKI2C_CLKDIV  0x0004  W  0x00000001  
clock divider registerˈI2C CLK = 
PCLK / (16*CLKDIV)  

RKI2C_MRXADDR  0x0008  W  0x00000000  
the slave address accessed  for 
master rx mode  

RKI2C_MRXRADDR  0x000c  W  0x00000000  
the slave register address 
accessed  for master rx mode  

RKI2C_MTXCNT  0x0010  W  0x00000000  
master transmit count.specify the 
total bytes to be transmit (0~32)  

RKI2C_MRXCNT  0x0014  W  0x00000000  
master rx count.specify the total 
bytes to be recieved(0~32)  

RKI2C_IEN  0x0018  W  0x00000000  interrupt enable register  
RKI2C_IPD  0x001c  W  0x00000000  interrupt pending register  

RKI2C_FCNT  0x0020  W  0x00000000  
finished count: the count of data 
which has been transmitted or 
receivedfor debug purpose  

RKI2C_SCL_OE_DB  0x0024  W  0x00000020  
slave hold debounce configure 
register  

RKI2C_TXDATA0  0x0100  W  0x00000000  I2C tx data register 0  
RKI2C_TXDATA1  0x0104  W  0x00000000  I2C tx data register 1  
RKI2C_TXDATA2  0x0108  W  0x00000000  I2C tx data register 2  
RKI2C_TXDATA3  0x010c  W  0x00000000  I2C tx data register 3  
RKI2C_TXDATA4  0x0110  W  0x00000000  I2C tx data register 4  
RKI2C_TXDATA5  0x0114  W  0x00000000  I2C tx data register 5  
RKI2C_TXDATA6  0x0118  W  0x00000000  I2C tx data register 6  
RKI2C_TXDATA7  0x011c  W  0x00000000  I2C tx data register 7  
RKI2C_RXDATA0  0x0200  W  0x00000000  I2C rx data register 0  
RKI2C_RXDATA1  0x0204  W  0x00000000  I2C rx data register 1  
RKI2C_RXDATA2  0x0208  W  0x00000000  I2C rx data register 2  
RKI2C_RXDATA3  0x020c  W  0x00000000  I2C rx data register 3  
RKI2C_RXDATA4  0x0210  W  0x00000000  I2C rx data register 4  
RKI2C_RXDATA5  0x0214  W  0x00000000  I2C rx data register 5  
RKI2C_RXDATA6  0x0218  W  0x00000000  I2C rx data register 6  
RKI2C_RXDATA7  0x021c  W  0x00000000  I2C rx data register 7  
RKI2C_ST  0x0220  W  0x00000000  status debug register  
RKI2C_DBGCTRL  0x0224  W  0x00000000  Debug config register  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
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22.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
5.,�&B&21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0003  
version 
rki2c version information 

15:14   RW   0x0  
stop_setup 
stop setup config:  
TSU;sto = (stop_setup + 1) * T(SCL_HIGH) + Tclk_i2c 

13:12   RW   0x0  

start_setup 
start setup config:  
TSU;sta = (start_setup + 1) * T(SCL_HIGH) + Tclk_i2c 
THD;sta = (start_setup + 2) * T(SCL_HIGH) - Tclk_i2c 

11   RO   0x0  reserved 

10:8   RW   0x0  

data_upd_st 
SDA update point config:  
Used to config sda change state when scl is low, used to adjust 
setup/hold time 
4'bn: Thold = (n + 1) * Tclk_i2c 
Note: 0 <= n <= 5 

7   RO   0x0  reserved 

6   RW   0x0  

act2nak 
operation when NAK handshake is received:  
1'b0: ignored 
1'b1: stop transaction 

5   RW   0x0  

ack 
last byte acknowledge control in master receive mode: 
1'b0: ACK  
1'b1: NAK 

4   RW   0x0  
stop 
stop enable, when this bit is written to 1, I2C will generate stop 
signal. 

3   RW   0x0  
start 
start enable, when this bit is written to 1, I2C will generate start 
signal. 

2:1   RW   0x0  

i2c_mode 
i2c mode select:  
2'b00: transmit only 
2'b01: transmit address (device + register address) --> restart -
-> transmit address -> receive only 
2'b10: receive only 
2'b11: transmit address (device + register address, write/read bit 
is 1) --> restart --> transmit address (device address) --> 
receive data 
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Bit  Attr  Reset Value  Description  

0   RW   0x0  

i2c_en 
i2c module enable:  
1'b0: not enable 
1'b1: enable 

 
 
5.,�&B&/.',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RW   0x0000  
CLKDIVH 
scl high level clock count:  
T(SCL_HIGH) = Tclk_i2c * (CLKDIVH + 1) * 8 

15:0   RW   0x0001  
CLKDIVL 
scl low level clock count:  
T(SCL_LOW) = Tclk_i2c * (CLKDIVL + 1) * 8 

 
 
5.,�&B05;$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:27   RO   0x0  reserved 

26   RW   0x0  

addhvld 
address high byte valid:  
1'b0: invalid 
1'b1: valid 

25   RW   0x0  

addmvld 
address middle byte valid:  
1'b0: invalid 
1'b1: valid 

24   RW   0x0  

addlvld 
address low byte valid:  
1'b0: invalid 
1'b1: valid 

23:0   RW   0x000000  

saddr 
master address register. 
the lowest bit indicate write or read  
24 bits address register 

 
 
5.,�&B05;5$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:27   RO   0x0  reserved 

26   RW   0x0  

sraddhvld 
address high byte valid:  
1'b0: invalid 
1'b1: valid 
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Bit  Attr  Reset Value  Description  

25   RW   0x0  

sraddmvld 
address middle byte valid:  
1'b0: invalid 
1'b1: valid 

24   RW   0x0  

sraddlvld 
address low byte valid:  
1'b0: invalid 
1'b1: valid 

23:0   RW   0x000000  
sraddr 
slave register address accessed. 
24 bits register address 

 
 
5.,�&B07;&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:6   RO   0x0  reserved 

5:0   RW   0x00  
mtxcnt 
master transmit count. 
6 bits counter 

 
 
5.,�&B05;&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:6   RO   0x0  reserved 

5:0   RW   0x00  
mrxcnt 
master rx count. 
6 bits counter 

 
 
5.,�&B,(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RW   0x0  

slavehdsclen 
slave hold scl interrupt enable:  
1'b0: disable 
1'b1: enable 

6   RW   0x0  

nakrcvien 
NAK handshake received interrupt enable:  
1'b0: disable 
1'b1: enable 

5   RW   0x0  

stopien 
stop operation finished interrupt enable:  
1'b0: disable 
1'b1: enable 
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Bit  Attr  Reset Value  Description  

4   RW   0x0  

startien 
start operation finished interrupt enable:  
1'b0: disable 
1'b1: enable 

3   RW   0x0  

mbrfien 
MRXCNT data received finished interrupt enable:  
1'b0: disable 
1'b1: enable 

2   RW   0x0  

mbtfien 
MTXCNT data transfer finished interrupt enable:  
1'b0: disable 
1'b1: enable 

1   RW   0x0  

brfien 
byte rx finished interrupt enable: 
1'b0: disable 
1'b1: enable 

0   RW   0x0  

btfien 
byte tx finished interrupt enable:  
1'b0: disable 
1'b1: enable 

 
 
5.,�&B,3'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7   RW   0x0  

slavehdsclipd 
slave hold scl interrupt pending bit:  
1'b0: no interrupt available 
1'b1: slave hold scl interrupt appear, write 1 to clear 

6   
W1
C   

0x0  

nakrcvipd 
NAK handshake received interrupt pending bit:  
1'b0: no interrupt available 
1'b1: NAK handshake received interrupt appear, write 1 to clear 

5   
W1
C   

0x0  

stopipd 
stop operation finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: stop operation finished interrupt appear, write 1 to clear 

4   
W1
C   

0x0  

startipd 
start operation finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: start operation finished interrupt appear, write 1 to clear 
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Bit  Attr  Reset Value  Description  

3   
W1
C   

0x0  

mbrfipd 
MRXCNT data received finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: MRXCNT data received finished interrupt appear, write 1 to 
clear 

2   
W1
C   

0x0  

mbtfipd 
MTXCNT data transfer finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: MTXCNT data transfer finished interrupt appear, write 1 to 
clear 

1   
W1
C   

0x0  

brfipd 
byte rx finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: byte rx finished interrupt appear, write 1 to clear 

0   
W1
C   

0x0  

btfipd 
byte tx finished interrupt pending bit:  
1'b0: no interrupt available 
1'b1: byte tx finished interrupt appear, write 1 to clear 

 
 
5.,�&B)&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:6   RO   0x0  reserved 

5:0   RO   0x00  
fcnt 
the count of data which has been transmitted or received 
for debug purpose 

 
 
5.,�&B6&/B2(B'%�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:8   RO   0x0  reserved 

7:0   RW   0x20  
scl_oe_db 
slave hold scl debounce. 
cycles for debounce (unit: Tclk_i2c) 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata0 
data0 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata1 
data1 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata2 
data2 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata3 
data3 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata4 
data4 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata5 
data5 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata6 
data6 to be transmitted. 
32 bits data 

 
 
5.,�&B7;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
txdata7 
data7 to be transmitted. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata0 
data0 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata1 
data1 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata2 
data2 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata3 
data3 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata4 
data4 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata5 
data5 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata6 
data6 received. 
32 bits data 

 
 
5.,�&B5;'$7$��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
rxdata7 
data7 received. 
32 bits data 

 
 
5.,�&B67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:2   RO   0x0  reserved 

1   RO   0x0  

scl_st 
scl status: 
1'b0: scl status low 
1'b0: scl status high 

0   RO   0x0  

sda_st 
sda status: 
1'b0: sda status low 
1'b0: sda status high 

 
 
5.,�&B'%*&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:15   RO   0x0  reserved 

14   RW   0x0  

h0_check_scl 
1'b0: Check if scl been pull down by slave at the whole 
SCL_HIGH. 
1'b1: Check if scl been pull down by slave only at the h0 of 
SCL_HIGH(SCL_HIGH including h0~h7). 

13   RW   0x0  
nak_release_scl 
1'b0: Hold scl as low when recieved nack 
1'b1: Release scl as high when recieved nack 
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Bit  Attr  Reset Value  Description  

12   RW   0x0  

flt_en 
SCL edage glitch filter enable 
1'b0: disable 
1'b1: enable 

11:8   RW   0x0  
slv_hold_scl_th 
Slave hold scl threshold = slv_hold_scl_db * Tclk_i2c 

7:4   RW   0x0  
flt_r 
Filter scl rising edge glitches of width less than flt_r * Tclk_i2c 

3:0   RW   0x0  
flt_f 
Filter scl falling edge glitches of width less than flt_f * Tclk_i2c 

 
 

22.5 Interface Description 
Table 22-1I2C Interface Description 

Module pin 
Di

r. 
Pin name IOMUX 

I2C0 Interface 

i2c0_sda I/

O 

I2C0_SDA/GPIO0_B2_u PMU_GRF_GPIO0B_IOMUX_L[10:8]=3'h1 

i2c0_scl I/

O 

I2C0_SCL/GPIO0_B1_u PMU_GRF_GPIO0B_IOMUX_L[6:4]=3'h1 

I2C1 Interface 

i2c1_sda I/

O 

I2C1_SDA/CAN0_RX_M0/PCIE20_BUTTONRSTn/MCU_JTAG

_TCK/GPIO0_B4_u 

PMU_GRF_GPIO0B_IOMUX_H[2:0]=3'h1 

i2c1_scl I/

O 

I2C1_SCL/CAN0_TX_M0/PCIE30X1_BUTTONRSTn/MCU_JTA

G_TDO/GPIO0_B3_u 

PMU_GRF_GPIO0B_IOMUX_L[14:12]=3'h

1 

I2C2 M0 Interface 

i2c2m0_sda I/

O 

I2C2_SDA_M0/SPI0_MOSI_M0/PCIE20_PERSTn_M0/PWM2

_M1/GPIO0_B6_u 

PMU_GRF_GPIO0B_IOMUX_H[10:8]=3'h1 

i2c2m0_scl I/

O 

I2C2_SCL_M0/SPI0_CLK_M0/PCIE20_WAKEn_M0/PWM1_M

1/GPIO0_B5_u 

PMU_GRF_GPIO0B_IOMUX_H[6:4]=3'h1 

I2C2 M1 Interface 

i2c2m1_sda I/

O 

I2C2_SDA_M1/EBC_GDSP/CAN2_RX_M0/ISP_FLASH_TRIGI

N/VOP_BT656_CLK_M1/GPIO4_B4_d 

GRF_GPIO4B_IOMUX_H[2:0]=3'h1 

i2c2m1_scl I/

O 

I2C2_SCL_M1/EBC_SDSHR/CAN2_TX_M0/I2S1_SDO3_M1/

GPIO4_B5_d 

GRF_GPIO4B_IOMUX_H[6:4]=3'h1 

I2C3 M0 Interface 

i2c3m0_sda I/

O 

I2C3_SDA_M0/UART3_RX_M0/CAN1_RX_M0/AUDIOPWM_L

OUT_P/ACODEC_ADC_DATA/GPIO1_A0_u 

GRF_GPIO1A_IOMUX_L[2:0]=3'h1 

i2c3m0_scl I/

O 

I2C3_SCL_M0/UART3_TX_M0/CAN1_TX_M0/AUDIOPWM_L

OUT_N/ACODEC_ADC_CLK/GPIO1_A1_u 

GRF_GPIO1A_IOMUX_L[6:4]=3'h1 

I2C3 M1 Interface 

i2c3m1_sda I/

O 

LCDC_D21/VOP_BT1120_D12/GMAC1_TXD1_M0/I2C3_SDA

_M1/PWM11_IR_M0/GPIO3_B6_d 

GRF_GPIO3B_IOMUX_H[10:8]=3'h4 
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7KH�,�2�LQWHUIDFH�RI�,�&��FDQ�EH�FKRVHQ�E\�VHWWLQJ�*5)B62&B&21�>�@�ELW��LI�WKLV�ELW�LV�VHW�WR�
���,�&��XVHV�WKH�,�&�P��,�2�LQWHUIDFH��LI�WKRVH�ELW�LV�VHW�WR����,�&��XVHV�WKH�,�&�P��,�2�
LQWHUIDFH� 
 
 

22.6 Application Notes 
7KH�,�&�FRQWUROOHU�FRUH�RSHUDWLRQ�IORZ�FKDUW�EHORZ�LV�WR�GHVFULEH�KRZ�WKH�VRIWZDUH�FRQILJXUHV�
DQG�SHUIRUPV�DQ�,�&�WUDQVDFWLRQ�WKURXJK�WKLV�,�&�FRQWUROOHU�FRUH��'HVFULSWLRQV�DUH�GLYLGHG�
LQWR���VHFWLRQV��WUDQVPLW�RQO\�PRGH��UHFHLYH�RQO\�PRGH��DQG�PL[�PRGH��8VHUV�DUH�VWURQJO\�
DGYLVHG�WR�IROORZ 
z 7UDQVPLW�RQO\�PRGH��,�&B&21>���@ �¶E��� 

i2c3m1_scl I/

O 

LCDC_D20/VOP_BT1120_D11/GMAC1_TXD0_M0/I2C3_SCL

_M1/PWM10_M0/GPIO3_B5_d 

GRF_GPIO3B_IOMUX_H[6:4]=3'h4 

I2C4 M0 Interface 

i2c4m0_sda I/

O 

I2C4_SDA_M0/EBC_VCOM/GMAC1_RXER_M1/SPI3_MOSI_

M0/I2S2_SDI_M1/GPIO4_B2_d 

GRF_GPIO4B_IOMUX_L[10:8]=3'h1 

i2c4m0_scl I/

O 

I2C4_SCL_M0/EBC_GDOE/ETH1_REFCLKO_25M_M1/SPI3_

CLK_M0/I2S2_SDO_M1/GPIO4_B3_d 

GRF_GPIO4B_IOMUX_L[14:12]=3'h1 

I2C4 M1 Interface 

i2c4m1_sda I/

O 

SDMMC1_PWREN/I2C4_SDA_M1/UART8_RTSn_M0/CAN2_R

X_M1/GPIO2_B1_d 

GRF_GPIO2B_IOMUX_L[6:4]=3'h2 

i2c4m1_scl I/

O 

SDMMC1_DET/I2C4_SCL_M1/UART8_CTSn_M0/CAN2_TX_

M1/GPIO2_B2_u 

GRF_GPIO2B_IOMUX_L[10:8]=3'h2 

I2C5 M0 Interface 

i2c5m0_sda I/

O 

LCDC_D19/VOP_BT1120_D10/GMAC1_RXER_M0/I2C5_SDA

_M0/PDM_SDI1_M2/GPIO3_B4_d 

GRF_GPIO3B_IOMUX_H[2:0]=3'h4 

i2c5m0_scl I/

O 

LCDC_D18/VOP_BT1120_D9/GMAC1_RXDV_CRS_M0/I2C5

_SCL_M0/PDM_SDI0_M2/GPIO3_B3_d 

GRF_GPIO3B_IOMUX_L[14:12]=3'h4 

I2C5 M1 Interface 

i2c5m1_sda I/

O 

HDMITX_SDA/I2C5_SDA_M1/GPIO4_D0_u GRF_GPIO4D_IOMUX_L[2:0]=3'h2 

i2c5m1_scl I/

O 

HDMITX_SCL/I2C5_SCL_M1/GPIO4_C7_u GRF_GPIO4C_IOMUX_H[14:12]=3'h2 
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Config I2C_CLKDIV to 
select I2C_SCL frequency

start

Config I2C_CON to send 
start signal

Write datas to 
I2C_TXDATA0~I2C_TXDA

TA7

Write datas counts to 
I2C_MTXCNT

Wait for tx complete irq 
˄I2C_IPD[2]˅

More data to 
transfer ˛

Config I2C_CON to send 
stop signal

Config I2C_CON to 
select TX only mode

YES

NO

Stop  
Fig.22-6 I2C Flow chat for transmit only mode 
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z 5HFHLYH�RQO\�PRGH��,�&B&21>���@ �¶E��� 

Config I2C_CLKDIV to 
select I2C_SCL frequency

start

Config I2C_CON to send 
start signal

Write datas counts to 
I2C_MRXCNT

Wait for rx complete irq 
˄I2C_IPD[3]˅

More data to 
receive ˛

Config I2C_CON to send 
stop signal

Config I2C_CON to 
select RX only mode

YES

NO

Stop
 

Fig.22-7 I2C Flow chat for receive only mode 
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z 0L[�PRGH��,�&B&21>���@ �¶E���RU�,�&B&21>���@ �¶E��� 

Config I2C_CLKDIV to 
select I2C_SCL frequency

start

Config I2C_CON to send 
start signal

Write data counts to 
I2C_MRXCNT

Wait for rx complete irq 
˄I2C_IPD[3]˅

More data to 
receive ˛

Config I2C_CON to send 
stop signal

Config I2C_CON to 
select MIX  mode

YES

NO

Stop

Config I2C_MRXADDR 
and I2C_MRXRADDR

Config I2C_CON to 
select RX only  mode

 
Fig.22-8 I2C Flow chat for mix mode 
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Chapter 23 Digital Audio Codec 
23  

23.1 Overview 
'LJLWDO�$XGLR�&RGHF�LV�D����ELW�GLJLWDO�DXGLR�HQFRGHU�GHFRGHU�ZKLFK�VXSSRUWV�PXOWLSOH�VDPSOH�
UDWHV��,W�LV�PDLQO\�FRPSRVHG�RI�GLJLWDO�$'&�DQG�GLJLWDO�'$&��7KH�IXQFWLRQ�RI�GLJLWDO�$'&�LV�WR�
FRQYHUW�SXOVH�GHQVLW\�PRGXODWLRQ�IRUPDW�GDWD�LQWR�3&0�IRUPDW�DXGLR�GDWD�WKURXJK�D�VHULHV�RI�
ILOWHUV�DQG�YROXPH�FRQWURO��'HFRGLQJ�UHVXOW�RI�GLJLWDO�$'&�LV�VHQW�RXW�WKURXJK�,�6�3&0�
LQWHUIDFH��7KH�DLP�RI�GLJLWDO�'$&�LV�WR�SURFHVV�WKH�GDWD�UHFHLYHG�IURP�,�6�3&0�LQWHUIDFH�
WKURXJK�ILOWHUV��YROXPH�FRQWURO�DQG�PRGXODWLRQ��)LQDOO\�WKH�PRGXODWHG�UHVXOW�LV�VHQW�WR�
$QDORJ�&RGHF� 
7KH�'LJLWDO�$XGLR�&RGHF�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW���ELW�$3%�EXV�VODYH�LQWHUIDFH 
z 6XSSRUW���FKDQQHO�GLJLWDO�$'& 
z 6XSSRUW���FKDQQHO�GLJLWDO�'$& 
z 6XSSRUW�,�6�3&0�LQWHUIDFH 
z 6XSSRUW�,�6�3&0�PDVWHU�DQG�VODYH�PRGH 
z 6XSSRUW���FKDQQHO�DXGLR�WUDQVPLWWLQJ�LQ�,�6�PRGH 
z 6XSSRUW���FKDQQHO�DXGLR�UHFHLYLQJ�LQ�,�6�PRGH 
z 6XSSRUW���FKDQQHO�DXGLR�WUDQVPLWWLQJ�RU�UHFHLYLQJ�LQ�3&0�PRGH 
z 6XSSRUW�,�6�QRUPDO��OHIW�DQG�ULJKW�MXVWLILHG�PRGH�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�3&0�HDUO\��ODWH���ODWH���ODWH��PRGH�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�06%�RU�/6%�ILUVW�VHULDO�DXGLR�GDWD�WUDQVIHU 
z 6XSSRUW�FRQILJXUDEOH�6&/.�DQG�/5&.�SRODULW\ 
z 6XSSRUW���a���ELW�VDPSOH�UHVROXWLRQ�IRU�ERWK�GLJLWDO�$'&�DQG�GLJLWDO�'$& 
z 6XSSRUW�SURJUDPPDEOH�OHIW�DQG�ULJKW�FKDQQHO�H[FKDQJHDEOH�LQ�,�6�PRGH�DQG�3&0�

PRGH�IRU�ERWK�GLJLWDO�$'&�DQG�GLJLWDO�'$& 
z 6XSSRUW�WKUHH�PRGHV�RI�PL[LQJ�IRU�HYHU\�GLJLWDO�'$&�FKDQQHO 
z %RWK�GLJLWDO�$'&�DQG�GLJLWDO�'$&�VXSSRUW�WKUHH�JURXSV�RI�VDPSOH�UDWHV��*URXS���DUH�

�N+]���N+]���N+]���N+]����N+]��JURXS���DUH�
������N+]������N+]�����N+]�����N+]������N+]�DQG�JURXS���DUH�
��N+]���N+]���N+]���N+]����N+] 

z 6XSSRUW�DV\QFKURQRXV�PRGH�DQG�V\QFKURQRXV�PRGH 
z ,Q�DV\QFKURQRXV�PRGH��WKHUH�DUH�QR�FRQVWUDLQWV�RQ�WKH�VDPSOH�UDWH�RI�GLJLWDO�$'&�DQG�

GLJLWDO�'$&��7KH\�DUH�FRPSOHWHO\�LQGHSHQGHQW 
z ,Q�V\QFKURQRXV�PRGH��VXSSRUW�GLJLWDO�$'&�RU�GLJLWDO�'$&�RSHUDWLQJ�LQGLYLGXDOO\��7KH�

VDPSOH�UDWH�RI�GLJLWDO�$'&�DQG�GLJLWDO�'$&�FDQ�EH�ZLWKLQ�DQ\�JURXSV�DQG�DQ\�NLQG�
ZLWKLQ�RQH�JURXS 

z ,Q�V\QFKURQRXV�PRGH��VXSSRUW�GLJLWDO�$'&�DQG�GLJLWDO�'$&�RSHUDWLQJ�DW�WKH�VDPH�WLPH�
ZLWKLQ�VDPH�VDPSOH�UDWH�JURXS��6DPSOH�UDWHV�RI�GLJLWDO�$'&�DQG�GLJLWDO�'$&�DUH�ZLWKLQ�
WKH�VDPH�JURXS 

z ,Q�V\QFKURQRXV�PRGH��VXSSRUW�GLJLWDO�$'&�DQG�GLJLWDO�'$&�RSHUDWLQJ�DW�WKH�VDPH�WLPH�
ZLWKLQ�GLIIHUHQW�VDPSOH�UDWH�JURXS��6DPSOH�UDWH�RI�GLJLWDO�$'&�LV�ZLWKLQ�JURXS���DQG�
GLJLWDO�'$&�LV�ZLWKLQ�JURXS���RU�GLJLWDO�$'&�LV�ZLWKLQ�JURXS���DQG�GLJLWDO�'$&�LV�ZLWKLQ�
JURXS����JURXS���QRW�VXSSRUWHG 

z 7KH�SDVV�EDQG�RI�GLJLWDO�$'&�ILOWHUV�LV��������IV 
z 6XSSRUW�GLJLWDO�$'&�SDVV�EDQG�ULSSOH�ZLWKLQ�������G% 
z 7KH�VWRS�EDQG�RI�GLJLWDO�$'&�ILOWHUV�LV����IV 
z 6XSSRUW�GLJLWDO�$'&�VWRS�EDQG�DWWHQXDWLRQ�DW�OHDVW���G% 
z 6XSSRUW�YROXPH�FRQWURO�IRU�ERWK�GLJLWDO�$'&�DQG�GLJLWDO�'$& 
z 6XSSRUW�$XWRPDWLF�/HYHO�&RQWURO�$/&�DQG�QRLVH�JDWH�IRU�GLJLWDO�$'& 
z 6XSSRUW�SURJUDPPDEOH�QHJDWLYH�DQG�SRVLWLYH�YROXPH�JDLQ�IRU�ERWK�GLJLWDO�$'&�DQG�

GLJLWDO�'$& 
z 6XSSRUW�FRPPXQLFDWLRQ�ZLWK�$QDORJ�&RGHF�WKURXJK�,�&�EXV 
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23.2 Block Diagram 

1-channel 
Digital ADC

2-channel 
Digital ADC

2-channel 
Digital DAC

ACDC_RF

ACDC_CRU

ACDC_I2C

ACDC_I2S

ADC_SER

DAC_SER

I2S RX

I2S TX

APB bus

I2C bus

Digital ADC 
interface

Digital DAC 
interface

ADC data

DAC data

 
Fig.23-1 Digital Audio Codec Block Diagram 

$&'&B5) 
7KH�$&'&B5)�LPSOHPHQWV�WKH���ELW�$3%�VODYH�RSHUDWLRQ�WKURXJK�$3%�EXV��,W�LV�UHVSRQVLEOH�
IRU�FRQILJXULQJ�WKH�RSHUDWLRQ�UHJLVWHUV�RI�RWKHU�PRGXOHV� 
$&'&B&58 
7KH�$&'&B&58�LPSOHPHQWV�FORFN�DQG�UHVHW�JHQHUDWLRQ�IXQFWLRQ��,W�LV�UHVSRQVLEOH�IRU�
JHQHUDWLQJ�VDPSOH�FORFN��GLJLWDO�$'&�'$&�RSHUDWLRQ�FORFN�DQG�,�6�RSHUDWLRQ�FORFN� 
'LJLWDO�$'& 
7KHUH�DUH���GLJLWDO�$'&�FKDQQHOV�LQ�WRWDO�LQVLGH�'LJLWDO�$XGLR�&RGHF��7KH���FKDQQHO�GLJLWDO�
$'&�LV�FRPSRVHG�RI�OHIW�FKDQQHO�DQG�ULJKW�FKDQQHO�ZKLOH�WKH���FKDQQHO�GLJLWDO�$'&�FRQWDLQV�
RQO\�RQH�FKDQQHO��7KH�GLJLWDO�$'&�UHFHLYHV�WKUHH�FKDQQHOV�GDWD�IURP�$'&B6(5�PRGXOH��,W�
LQFOXGHV�&,&�ILOWHUV��FRPSHQVDWLRQ�ILOWHUV��ORZ�SDVV�GHFLPDWLRQ�ILOWHUV��KLJK�SDVV�ILOWHUV�DQG�
RWKHU�DXGLR�VLJQDO�SURFHVVLQJ�UHODWHG�PRGXOHV��7KH�RXWSXW�RI�GLJLWDO�$'&�LV�VHQW�WR�WKH�,�6�
PRGXOH� 
$'&B6(5 
7KLV�PRGXOH�UHFHLYHV�VHULDO�GDWD�IURP�DQDORJ�$'&��,W�H[WUDFWV�WKUHH�FKDQQHOV�IURP�LQSXW�
VHULDO�GDWD�DQG�GLVWULEXWHV�WKHP�WR�WKH�FRUUHVSRQGLQJ�GLJLWDO�$'&�FKDQQHO� 
'LJLWDO�'$& 
7KHUH�DUH���GLJLWDO�'$&�FKDQQHOV�LQVLGH�WKH�$XGLR�&RGHF��7KH�GLJLWDO�'$&�UHFHLYHV�DXGLR�GDWD�
IURP�,�6�5;��,W�LQFOXGHV�RQH�&,&�ILOWHU��RQH�KLJK�SDVV�ILOWHU��VHYHUDO�ORZ�SDVV�GHFLPDWLRQ�
ILOWHUV��PRGXODWRU�DQG�RWKHU�DXGLR�VLJQDO�SURFHVVLQJ�UHODWHG�PRGXOHV��7KH�RXWSXW�RI�GLJLWDO�
'$&�LV�VHQW�WR�'$&B6(5�PRGXOH�DQG�VHULDOL]HG�EHIRUH�WUDQVPLWWLQJ�WR�DQDORJ�'$&� 
'$&B6(5 
7KLV�PRGXOH�UHFHLYHV�SDUDOOHO�GDWD�IURP�GLJLWDO�'$&��,W�WKHQ�VHULDOL]HV�WKH�SDUDOOHO�GDWD�DQG�
VHQGV�LW�WR�DQDORJ�'$&� 
$&'&B,�6 
7KH�,�6�3&0�DXGLR�LQWHUIDFH�FDQ�EH�FRQILJXUHG�WR�PDVWHU�PRGH�RU�VODYH�PRGH��,Q�0DVWHU�
0RGH��6&/.�DQG�/5&.�DUH�FRQILJXUHG�DV�RXWSXW��,Q�6ODYH�0RGH��6&/.�DQG�/5&.�DUH�
FRQILJXUHG�DV�LQSXW��7KH�$&'&B,�6�PRGXOH�FDQ�RSHUDWH�LQ�7;�RU�5;�PRGH��:KHQ�LQ�7;�
PRGH��LW�UHFHLYHV�DXGLR�GDWD�IURP�GLJLWDO�$'&�DQG�VHQGV�LW�RXW�WKURXJK�,�6�7;�LQWHUIDFH��
:KHQ�LQ�5;�PRGH��LW�UHFHLYHV�DXGLR�GDWD�IURP�,�6�5;�LQWHUIDFH�DQG�VHQGV�LW�WR�GLJLWDO�'$&� 
$&'&B,�& 
7KH�$&'&B,�&�PRGXOH�LV�XVHG�WR�FRPPXQLFDWH�ZLWK�DQDORJ�$'&�'$&��,W�LV�UHVSRQVLEOH�IRU�
VHQGLQJ���ELW�3*$�JDLQ�FRGHV�IRU�HDFK�FKDQQHO�WR�DQDORJ�$'&�'$&�HYHU\�LQWHUYDO�RI�WLPH� 

23.3 Function description 
7KH�,�6�3&0�LQWHUIDFH�RI�'LJLWDO�$XGLR�&RGHF�LV�FRQQHFWHG�WR�WKH�,�6��FRQWUROOHU��3OHDVH�
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UHIHU�WR�WKH�,�6�FKDSWHU�IRU�GHWDLOHG�LQIRUPDWLRQ�DERXW�,�6�DQG�3&0�IRUPDW�WKDW�'LJLWDO�$XGLR�
&RGHF�VXSSRUWV� 
23.3.1 )LOWHUV�RI�'LJLWDO�$'& 
'LJLWDO�$XGLR�&RGHF�UHFHLYHV���FKDQQHOV�GDWD�VXFK�DV�'$7$���'$7$��DQG�'$7$��IURP�$QDORJ�
&RGHF��'$7$��LV�FRQQHFWHG�WR�WKH�OHIW�FKDQQHO�RI���FKDQQHO�GLJLWDO�$'&��'$7$��LV�FRQQHFWHG�
WR�WKH�ULJKW�FKDQQHO�RI���FKDQQHO�GLJLWDO�$'&�DQG�'$7$��LV�FRQQHFWHG�WR�WKH���FKDQQHO�
GLJLWDO�$'&� 
,Q�RUGHU�WR�DFKLHYH�3&0�IRUPDW�DXGLR�GDWD�IURP�'$7$���'$7$��DQG�'$7$���D�WRWDO�RI���
ILOWHUV�IRU���FKDQQHO�GLJLWDO�$'&�DQG���ILOWHUV�IRU���FKDQQHO�GLJLWDO�$'&�DUH�HPEHGGHG��,W�
LQFOXGHV�D�&,&�GHFLPDWLRQ�ILOWHU��D�FRPSHQVDWLRQ�ILOWHU����KDOI�EDQG�ILOWHUV��D�ORZ�SDVV�ILOWHU�
DQG�D�KLJK�SDVV�ILOWHU�LQ���FKDQQHO�GLJLWDO�$'&�RU���FKDQQHO�GLJLWDO�$'&��  
7KH�&,&�GHFLPDWLRQ�ILOWHU�DFKLHYHV�PD[LPXP����WLPHV�GHFLPDWLRQ�ZKHQ�LQ�QRUPDO�PRGH��,W�
DOVR�FDQ�EH�SURJUDPPHG�WR���WLPHV�LQ�ORZ�SRZHU�PRGH���RU���WLPHV�GHFLPDWLRQ�LQ�ORZ�
SRZHU�PRGH����:KHQ�RSHUDWHV�LQ�ORZ�SRZHU�PRGH���RU����WKH�RSHUDWLQJ�FORFN�RI�GLJLWDO�$'&�
FDQ�EH�UHGXFHG�WR�KDOI�RU�TXDUWHU�RI�WKH�QRUPDO�PRGH��7KH�SUREOHP�LV�WKDW�VLJQDO�LQGLFDWRUV�
ZLOO�EHFRPH�ZRUVH�DQG�VRPH�VDPSOH�UDWHV�QRW�VXSSRUW�LQ�ORZ�SRZHU�PRGH���RU����6R�PDNH�
VXUH�WKDW�WKH�&,&�GHFLPDWLRQ�ILOWHU�ZRUNV�LQ����WLPHV�GHFLPDWLRQ�XQOHVV�\RX�GRQ
W�FDUH�DERXW�
VLJQDO�LQGLFDWRUV� 
&RPSHQVDWLRQ�ILOWHU�LV�FRQQHFWHG�LQ�VHULHV�IROORZLQJ�&,&�ILOWHU��,WV�IXQFWLRQ�LV�WR�UHGXFH�WKH�
ULSSOH�RI�&,&�ILOWHU�RXWSXW��,W�FDQ�EH�VRIWZDUH�HQDEOHG�RU�GLVDEOHG� 
7KH���KDOI�EDQG�ILOWHUV�DQG�D�ORZ�SDVV�ILOWHU�HDFK�SHUIRUP���WLPHV�GHFLPDWLRQ��7KDW�PHDQV�D�
PD[LPXP�RI����WLPHV�GHFLPDWLRQ�FDQ�EH�DFKLHYHG��1RW�DOO�RI�WKHVH���GHFLPDWLRQ�ILOWHUV�DUH�
ZRUNLQJ�DOO�WKH�WLPH��+RZ�PDQ\�RI�WKHP�DUH�QHHGHG�WR�ZRUN�GHSHQGV�RQ�WKH�VDPSOH�UDWH��
)RU�H[DPSOH��LQ�RUGHU�WR�RXWSXW�D����.�VDPSOH�UDWH�VLJQDO��RQO\�RQH�ILOWHU�ZRUNV��WKH�UHVW�RI�
ILOWHUV�DUH�LGOH� 
7KH�KLJK�SDVV�ILOWHU�LV�XVHG�WR�ILOWHU�'&�FRPSRQHQWV�LQ�DXGLR�GDWD�VWUHDP��5HVXOW�RI�KLJK�
SDVV�ILOWHU�LV�VHQW�WR�WKH�YROXPH�FRQWURO� 
7KH�HTXLYDOHQW�SDUDPHWHUV�RI�GLJLWDO�$'&�ILOWHUV�DUH�DV�IROORZV� 

������ʹ͵Ǧͳ��������������������������������������	������ 

3DUDPHWHU 7HVW�
FRQGLWLRQ 0LQ 7\S 0D[ 8QLW 

3DVV�EDQG �������G% �� 1�$ �������IV +] 
3DVV�EDQG�
ULSSOH 1�$ 1�$ 1�$ ������� G% 

6WRS�EDQG 1�$ ���IV 1�$ 1�$ +] 
6WRS�EDQG�
DWWHQXDWLRQ I!���IV �� 1�$ 1�$ G% 

23.3.2 )LOWHUV�RI�'LJLWDO�'$& 
,�6�PRGXOH�UHFHLYHV�WZR�FKDQQHO�DXGLR�GDWD�IURP�,�6�5;�LQWHUIDFH�DQG�GULYHV�LW�WR�WKH�
GLJLWDO�'$&�ZKLFK�VXSSRUWV�PL[LQJ�IXQFWLRQ��+RZ�WR�SRXU���FKDQQHO�DXGLR�GDWD�LQWR���
FKDQQHO�GLJLWDO�'$&�FDQ�EH�DFKLHYHG�E\�SURJUDPPLQJ�PL[LQJ�PRGH� 
$XGLR�SURFHVVLQJ�RI�GLJLWDO�'$&�LV�VLPLODU�WR�WKDW�RI�GLJLWDO�$'&��ZKLFK�LV�DOPRVW�WKH�LQYHUVH�
SURFHVV�RI�GLJLWDO�$'&��7KH���FKDQQHO�GLJLWDO�'$&�LQFOXGHV�D�KLJK�SDVV�ILOWHU�DQG���KDOI�EDQG�
ILOWHUV��7KH�KLJK�SDVV�ILOWHU�LV�XVHG�WR�ILOWHU�'&�FRPSRQHQWV�LQ�DXGLR�GDWD�VWUHDP��5HVXOW�RI�
KLJK�SDVV�ILOWHU�LV�VHQW�WR�WKH�GLJLWDO�'$&�YROXPH�FRQWURO�PRGXOH��7KH�LQSXW�RI���KDOI�EDQG�
ILOWHUV�FRPHV�IURP�RXWSXW�RI�YROXPH�FRQWURO��HDFK�SHUIRUP���WLPHV�LQWHUSRODWLRQ��%XW�QRW�DOO�
RI�WKHP�DUH�ZRUNLQJ�DOO�WKH�WLPH��+RZ�PDQ\�RI�WKHP�DUH�QHHGHG�WR�ZRUN�GHSHQGV�RQ�WKH�
VDPSOH�UDWH�RI�GLJLWDO�'$&��7KH�UHVXOW�RI�KDOI�EDQG�ILOWHUV�LV�VHQW�WR�D�WKLUG�RUGHU�6LJPD�'HOWD�
PRGXODWRU� 

23.3.3 9ROXPH�&RQWURO 
3&0�IRUPDW�GDWD�RXWSXW�IURP���FKDQQHO�GLJLWDO�$'&�KLJK�SDVV�ILOWHUV�DUH�IHG�LQWR�YROXPH�
FRQWURO�PRGXOH��7KH�YROXPH�FRQWURO�PRGXOH�LQVLGH�GLJLWDO�$'&�FRQWDLQV�VHYHUDO�VXE�PRGXOHV�
VXFK�DV�QRLVH�JDWH��SHDN�GHWHFW��IUHTXHQF\�FURVV�]HUR�GHWHFW��$/&�DQG�GLJLWDO�JDLQ�FRQWURO��,W�
FDQ�EH�GLJLWDOO\�DWWHQXDWHG�RYHU�D�UDQJH�RI����G%a�G%�LQ������G%�VWHS�IRU�QHJDWLYH�JDLQ�
DQG�DPSOLILHG�RYHU�D�UDQJH�RI��G%a��G%�LQ������G%�VWHS�IRU�SRVLWLYH�JDLQ��:KHWKHU�LV�
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DWWHQXDWHG�RU�DPSOLILHG�FDQ�EH�VRIWZDUH�SURJUDPPHG��7KH�YROXPH�RI�HDFK�FKDQQHO�FDQ�EH�
FRQWUROOHG�VHSDUDWHO\��(DFK�FKDQQHO�KDV�DQ���ELW�UHJLVWHU�IRU�YROXPH�FRQWURO��)RU�QHJDWLYH�
JDLQ���[II�FRUUHVSRQGV�WR�GLJLWDO�PXWH�ZKLOH��[���FRUUHVSRQGV�WR��G%��)RU�SRVLWLYH�JDLQ���[II�
FRUUHVSRQGV�WR�PD[LPXP�JDLQ�ZKLOH��[���FRUUHVSRQGV�WR��G%� 
$V�IRU�GLJLWDO�'$&��RXWSXW�RI�KLJK�SDVV�ILOWHU�LV�IHG�LQWR�YROXPH�FRQWURO�PRGXOH��6LPLODU�WR�
GLJLWDO�$'&��7KH�YROXPH�FRQWURO�PRGXOH�LQVLGH�GLJLWDO�'$&�FRQWDLQV�VHYHUDO�VXE�PRGXOHV�
VXFK�DV�SHDN�GHWHFW��IUHTXHQF\�FURVV�]HUR�GHWHFW��/,0,7(5�DQG�GLJLWDO�JDLQ�FRQWURO��,W�DOVR�
FDQ�EH�GLJLWDOO\�DWWHQXDWHG�RYHU�D�UDQJH�RI����G%a�G%�LQ������G%�VWHS�IRU�QHJDWLYH�JDLQ�
DQG�DPSOLILHG�RYHU�D�UDQJH�RI��G%a��G%�LQ������G%�VWHS�IRU�SRVLWLYH�JDLQ��:KHWKHU�LV�
DWWHQXDWHG�RU�DPSOLILHG�FDQ�EH�VRIWZDUH�SURJUDPPHG� 

23.3.4 ,�&�,QWHUIDFH 
7KH�UROH�RI�,�&�LQVLGH�WKH�'LJLWDO�$XGLR�&RGHF�LV�WR�VHQG���ELW�3*$�JDLQ�FRGHV�IRU�HDFK�GLJLWDO�
$'&�FKDQQHO�WR�$QDORJ�&RGHF�HYHU\�LQWHUYDO�RI�WLPH��7KH�LQWHUYDO�RI�WLPH�LV�VRIWZDUH�
SURJUDPPDEOH�DQG�WKH�XQLW�LV�WKH�VDPSOH�UDWH�RI�GLJLWDO�$'&��7KHUH�DUH����ELWV�3*$�JDLQ�
FRGHV�LQ�WRWDO�IRU���FKDQQHOGLJLWDO�$'&��UHTXLULQJ�WKH�,�&�LQVLGH�'LJLWDO�$XGLR�&RGHF�WR�
LQLWLDWH�D�UHTXHVW�WR�WUDQVPLW�WZR�E\WHV�ZKHQ�LQWHUYDO�RI�WLPH�UHDFKHV��7KH�,�&�LQVLGH�'LJLWDO�
$XGLR�&RGHF�FDQ�EH�HQDEOHG�RU�GLVDEOHG�E\�VRIWZDUH��,WV�RXWSXW�EXV�ZLOO�PXOWLSOH[�ZLWK�
5.,�&��FRQWUROOHU� 

23.4 Register Description 

23.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 

23.4.2 5HJLVWHUV�6XPPDU\�  

�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

$&'&',*B6<6&75/� �[���� : �[�������� 6\VWHP�&RQWURO�5HJLVWHU 
$&'&',*B$'&98&7/ �[���� : �[�������� $'&�9ROXPH�&RQWURO�5HJLVWHU 
$&'&',*B$'&98&7,0( �[���� : �[�������� $'&�9ROXPH�&RQWURO�7LPH�/LPLW�5HJLVWHU 
$&'&',*B$'&',*(1 �[���� : �[�������� $'&�'LJLWDO�(QDEOH�5HJLVWHU 
$&'&',*B$'&&/.&75/ �[���F : �[�������� $'&�&ORFN�&RQWURO�5HJLVWHU 
$&'&',*B$'&,17B',9 �[���� : �[�������� $'&�,QWHJHU�&ORFN�'LYLGHU�5HJLVWHU 
$&'&',*B$'&6&/.7;,17B',9 �[���F : �[�������� ,�6�6&/.�7;�,QWHJHU�'LYLGHU�5HJLVWHU 
$&'&',*B$'&&)*� �[���� : �[�������� $'&�&RQILJXUH�5HJLVWHU�� 
$&'&',*B$'&92//� �[���� : �[�������� 9ROXPH�RI�$'&�/HIW�&KDQQHO���5HJLVWHU 
$&'&',*B$'&92//� �[���F : �[�������� 9ROXPH�RI�$'&�/HIW�&KDQQHO���5HJLVWHU 
$&'&',*B$'&92/5� �[���� : �[�������� 9ROXPH�RI�$'&�ULJKW�&KDQQHO���5HJLVWHU 
$&'&',*B$'&92*3 �[��D� : �[�������� $'&�9ROXPH�*DLQ�3RODULW\�5HJLVWHU 
$&'&',*B$'&592//� �[��DF : �[������II ,QWHUQDO�9ROXPH�RI�$'&�/HIW�

&KDQQHO���5HJLVWHU 
$&'&',*B$'&592//� �[��E� : �[�������� ,QWHUQDO�9ROXPH�RI�$'&�/HIW�&KDQQHO���5HJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

$&'&',*B$'&592/5� �[��EF : �[������II ,QWHUQDO�9ROXPH�RI�$'&�
ULJKW�&KDQQHO���5HJLVWHU 

$&'&',*B$'&$/&� �[��FF : �[�������� $XWRPDWLF�/HYHO�&RQWURO�5HJLVWHU�� 
$&'&',*B$'&$/&� �[��G� : �[�������� $XWRPDWLF�/HYHO�&RQWURO�5HJLVWHU�� 
$&'&',*B$'&$/&� �[��G� : �[�������� $XWRPDWLF�/HYHO�&RQWURO�5HJLVWHU�� 
$&'&',*B$'&1* �[��G� : �[�������� $'&�1RLVH�*DWH�&RQWURO�5HJLVWHU 
$&'&',*B$'&1*67 �[��GF : �[�������� $'&�1RLVH�*DWH�6WDWXV�5HJLVWHU 
$&'&',*B$'&+3)(1 �[��H� : �[�������� $'&�+LJK�SDVV�)LOWHU�(QDEOH�5HJLVWHU 
$&'&',*B$'&+3)&) �[��H� : �[�������� $'&�+LJK�SDVV�&RQWURO�5HJLVWHU 
$&'&',*B$'&3*/� �[��HF : �[�������� 3*$�*DLQ�RI�/HIW�&KDQQHO�� 
$&'&',*B$'&3*/� �[��I� : �[�������� 3*$�*DLQ�RI�/HIW�&KDQQHO�� 
$&'&',*B$'&3*5� �[��IF : �[�������� 3*$�*DLQ�RI�ULJKW�&KDQQHO�� 
$&'&',*B$'&/,/07� �[���F : �[�������� 3*$�*DLQ�/LPLWHU�5HJLVWHU�� 
$&'&',*B$'&/,/07� �[���� : �[�������� 3*$�*DLQ�/LPLWHU�5HJLVWHU�� 
$&'&',*B$'&'0,&1*� �[���� : �[�������� /LPLWHU�1RLVH�*DWH�5HJLVWHU�� 
$&'&',*B$'&'0,&1*� �[���� : �[�������� /LPLWHU�1RLVH�*DWH�5HJLVWHU�� 
$&'&',*B'$&98&7/ �[���� : �[�������� '$&�9ROXPH�&RQWURO�5HJLVWHU 
$&'&',*B'$&98&7,0( �[���� : �[�������� '$&�9ROXPH�&RQWURO�7LPH�/LPLW�5HJLVWHU 
$&'&',*B'$&',*(1 �[���� : �[�������� '$&�'LJLWDO�(QDEOH�5HJLVWHU 
$&'&',*B'$&&/.&75/ �[���F : �[�������� '$&�&ORFN�&RQWURO�5HJLVWHU 
$&'&',*B'$&,17B',9 �[���� : �[�������� '$&�,QWHJHU�&ORFN�'LYLGHU�5HJLVWHU 
$&'&',*B'$&6&/.5;,17B',9 �[���� : �[�������I ,�6�6&/.�5;�,QWHJHU�'LYLGHU�5HJLVWHU 
$&'&',*B'$&3:0B',9 �[���� : �[�������� 3:0�0RGH�,QWHJHU�'LYLGHU�5HJLVWHU 
$&'&',*B'$&3:0B&75/ �[���� : �[�������� 3:0�0RGH�&RQWURO�5HJLVWHU 
$&'&',*B'$&&)*� �[���� : �[�������� '$&�&RQILJXUH�5HJLVWHU�� 
$&'&',*B'$&087( �[���� : �[�������� '$&�0XWH�&RQWURO�5HJLVWHU 
$&'&',*B'$&087(67 �[���F : �[�������� '$&�0XWH�6WDWXV�5HJLVWHU 
$&'&',*B'$&92//� �[���� : �[�������� 9ROXPH�RI�'$&�/HIW�&KDQQHO���5HJLVWHU 
$&'&',*B'$&92/5� �[��D� : �[�������� 9ROXPH�RI�'$&�ULJKW�&KDQQHO���5HJLVWHU 
$&'&',*B'$&92*3 �[��E� : �[�������� $'&�9ROXPH�*DLQ�3RODULW\�5HJLVWHU 
$&'&',*B'$&592//� �[��E� : �[������II ,QWHUQDO�9ROXPH�RI�'$&�/HIW�

&KDQQHO���5HJLVWHU 
$&'&',*B'$&592/5� �[��F� : �[������II ,QWHUQDO�9ROXPH�RI�'$&�

ULJKW�&KDQQHO���5HJLVWHU 
$&'&',*B'$&/07� �[��G� : �[�������� '$&�/LPLWHU�5HJLVWHU�� 
$&'&',*B'$&/07� �[��G� : �[�������� '$&�/LPLWHU�5HJLVWHU�� 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

$&'&',*B'$&/07� �[��GF : �[�������� '$&�/LPLWHU�5HJLVWHU�� 
$&'&',*B'$&0,;&75// �[��H� : �[�������� '$&�0L[LQJ�&RQWURO�5HJLVWHU�2I�/HIW�&KDQQHOV 
$&'&',*B'$&0,;&75/5 �[��H� : �[�������� '$&�0L[LQJ�&RQWURO�5HJLVWHU�2I�ULJKW�&KDQQHOV 
$&'&',*B'$&+3) �[��H� : �[�������� '$&�+LJK�SDVV�)LOWHU�&RQWURO�5HJLVWHU 
$&'&',*B,�&B)/7B&21� �[���� : �[�������� ,�&�)LOWHU�&RQWURO�5HJLVWHU�� 
$&'&',*B,�&B)/7B&21� �[���� : �[�������I ,�&�)LOWHU�&RQWURO�5HJLVWHU�� 
$&'&',*B,�&B&21� �[���� : �[�������� ,�&�&RQWURO�5HJLVWHU�� 
$&'&',*B,�&B&21� �[���F : �[�������� ,�&�&RQWURO�5HJLVWHU�� 
$&'&',*B,�&B&/.',9/� �[���� : �[�������� ,�&�6FO�/RZ�/HYHO�'LYLGHU�5HJLVWHU�� 
$&'&',*B,�&B&/.',9/� �[���� : �[�������� ,�&�6FO�/RZ�/HYHO�'LYLGHU�5HJLVWHU�� 
$&'&',*B,�&B&/.',9+� �[���� : �[�������� ,�&�6FO�+LJK�/HYHO�'LYLGHU�5HJLVWHU�� 
$&'&',*B,�&B&/.',9+� �[���F : �[�������� ,�&�6FO�+LJK�/HYHO�'LYLGHU�5HJLVWHU�� 
$&'&',*B,�&B0$;&17 �[��D� : �[�������� ,�&�0DVWHU�7UDQVPLW�&RXQW�5HJLVWHU� 
$&'&',*B,�&B6&/2(B'%� �[��D� : �[�������� 6ODYH�+ROG�'HERXQFH�&RQILJXUH�5HJLVWHU�� 
$&'&',*B,�&B6&/2(B'%� �[��D� : �[�������� 6ODYH�+ROG�'HERXQFH�&RQILJXUH�5HJLVWHU�� 
$&'&',*B,�&B6&/2(B'%� �[��DF : �[�������� 6ODYH�+ROG�'HERXQFH�&RQILJXUH�5HJLVWHU�� 
$&'&',*B,�&B6&/2(B'%� �[��E� : �[�������� 6ODYH�+ROG�'HERXQFH�&RQILJXUH�5HJLVWHU�� 
$&'&',*B,�&B70287/ �[��E� : �[�������I ,�&�7UDQVPLW�5HTXHVW�7LPH�2XW�5HJLVWHU�� 
$&'&',*B,�&B70287+ �[��E� : �[�������� ,�&�7UDQVPLW�5HTXHVW�7LPH�2XW�5HJLVWHU�� 
$&'&',*B,�&B'(9B$''5 �[��EF : �[�������� ,�&�6ODYH�'HYLFH�$GGUHVV�5HJLVWHU 
$&'&',*B,�&B5(*B$''5 �[��F� : �[�������� 5HJLVWHU�$GGUHVV�RI�,�&�6ODYH 
$&'&',*B,�&B67$786 �[��F� : �[�������� ,�&�6WDWXV�5HJLVWHU 
$&'&',*B,�6B7;&5� �[���� : �[�������I 7UDQVPLW�2SHUDWLRQ�&RQWURO�5HJLVWHU�� 
$&'&',*B,�6B7;&5� �[���� : �[�������� 7UDQVPLW�2SHUDWLRQ�&RQWURO�5HJLVWHU�� 
$&'&',*B,�6B7;&5� �[���� : �[�������� 7UDQVPLW�2SHUDWLRQ�&RQWURO�5HJLVWHU�� 
$&'&',*B,�6B5;&5� �[���F : �[�������� 5HFHLYH�2SHUDWLRQ�&RQWURO�5HJLVWHU�� 
$&'&',*B,�6B5;&5� �[���� : �[�������� 5HFHLYH�2SHUDWLRQ�&RQWURO�5HJLVWHU�� 
$&'&',*B,�6B&.5� �[���� : �[�������� &ORFN�*HQHUDWLRQ�5HJLVWHU�� 
$&'&',*B,�6B&.5� �[���� : �[�������� &ORFN�*HQHUDWLRQ�5HJLVWHU�� 
$&'&',*B,�6B;)(5 �[���F : �[�������� 7UDQVIHU�6WDUW�5HJLVWHU 
$&'&',*B,�6B&/5 �[���� : �[�������� 6&/.�'RPDLQ�/RJLF�&OHDU�5HJLVWHU 
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�1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ �  

$&'&',*B9(56,21 �[���� : �[�������� 9HUVLRQ�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV�  

23.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
$&'&',*B6<6&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

V\QFBPRGH 
�
E���$V\QFKURQRXV�PRGH��,QSXW�RSHUDWLRQ�FORFNV�RI�'LJLWDO�$'&�
DQG�'LJLWDO�$'&�DUH�DV\QFKURQRXV�WR�HDFK�RWKHU� 
�
E���6\QFKURQRXV�PRGH��'LJLWDO�$'&�DQG�'LJLWDO�$'&�LQWHUQDOO\�
VKDUH�RQH�FRPPRQ�FORFN� 

� 5: �[� 

FONBFRPBVHO 
6HOHFWV�WKH�RSHUDWLRQ�FORFN�RI�'LJLWDO�$'&�RU�'LJLWDO�'$&�DV�
FRPPRQ�FORFN�ZKHQ�'LJLWDO�$'&�DQG�'LJLWDO�'$&�ZRUN�LQ�
V\QFKURQRXV�PRGH��.HHS�WKH�GHIDXOW�YDOXH�ZKHQ�'LJLWDO�$'&�DQG�
'LJLWDO�'$&�ZRUN�LQ�DV\QFKURQRXV�PRGH� 
�
E���6HOHFWV�RSHUDWLRQ�FORFN�RI�'LJLWDO�$'& 
�
E���6HOHFWV�RSHUDWLRQ�FORFN�RI�'LJLWDO�'$& 

� 5: �[� 

JOEFNH 
*OREDO�HQDEOH�IRU�V\QFKURQL]DWLRQ�VLJQDO�RI�ERWK�'LJLWDO�$'&�DQG�
'$&��,W�ZRUNV�ZHOO�ZKHQ�'LJLWDO�$'&�DQG�'$&�RSHUDWH�LQ�
V\QFKURQRXV�PRGH�ZKHUH�WKH�'LJLWDO�$'&�DQG�'$&�VKDUH�WKH�
VDPH�G�DBDGFBFON�DQG�G�DBDGFBV\QF�WR�FRPPXQLFDWH�ZLWK�
$QDORJ�$'&�'$&��,I�'LJLWDO�$'&�DQG�'$&�RSHUDWH�LQ�
DV\QFKURQRXV�PRGH�PHDQLQJ�WKDW�WKH\�DUH�LQGHSHQGHQW��JOEFNH�
LV�LQHIIHFWLYH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 

� 5: �[� 

V\QFBVHO 
6HOHFWV�WKH�V\QFKURQL]DWLRQ�VLJQDO�JHQHUDWHG�E\�'LJLWDO�$'&�RU�
E\�'LJLWDO�'$&�WKDW�LV�FRQQHFWHG�WR�G�DBDGFBV\QF�WR�
FRPPXQLFDWH�ZLWK�$QDORJ\�$'&�'$&��0DNH�VXUH�WKDW�V\QFBVHO�LV�
VHW�WR��
E��ZKHQ�LQ�V\QFKURQRXV�PRGH��,I�LQ�DV\QFKURQRXV�PRGH��
V\QFBVHO�VKRXOG�EH�VHW�DFFRUGLQJ�WR�WKH�IROORZLQJ�LOOXVWUDWLRQ� 
�
E���6\QFKURQL]DWLRQ�VLJQDO�JHQHUDWHG�E\�'LJLWDO�$'&�LV�
FRQQHFWHG�WR�G�DBDGFBV\QF� 
�
E���6\QFKURQL]DWLRQ�VLJQDO�JHQHUDWHG�E\�'LJLWDO�'$&�LV�
FRQQHFWHG�WR�G�DBDGFBV\QF� 

 
$&'&',*B$'&98&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
DGFBE\SV 
'LJLWDO�$'&�YROXPH�FRQWURO�E\SDVV� 
�
E���$'&�YROXPH�FRQWURO�HQDEOH 
�
E���$'&�YROXPH�FRQWURO�E\SDVV 

� 5: �[� 
DGFIDGH 
'LJLWDO�$'&�YROXPH�DGMXVW�PRGH� 
�
E���XSGDWH�WR�QHZ�YROXPH�LPPHGLDWHO\�  
�
E���XSGDWH�YROXPH�DV�DGF]GW�ILHOG�GHVFULEHV 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

DGF]GW 
'LJLWDO�$'&�YROXPH�FURVV�]HUR�GHWHFW�HQDEOH��,W�ZRUNV�ZKHQ�
DGFBE\SV�LV��
E��DQG�DGFIDGH�LV��
E�� 
�
E���9ROXPH�DGMXVWV�HYHU\�VDPSOH� 
�
E���9ROXPH�DGMXVWV�RQO\�ZKHQ�DXGLR�ZDYHIRUP�FURVVHV�]HUR�RU�
YROXPH�FRQWURO�WLPH�OLPLW�FRQGLWLRQ�PHHWV� 

 
$&'&',*B$'&98&7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
DGFYXFW 
9ROXPH�FRQWURO�WLPH�OLPLW��YDOLG�RQO\�LQ�IDGH�FURVV�]HUR�PRGH� 
7LPH�OLPLW� �DGFYXFW���VDPSOH�UDWH� 
8QLW��VDPSOH�UDWH 

 
$&'&',*B$'&',*(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

DGFJOEHQ 
*OREDO�HQDEOH�RI�DOO�'LJLWDO�$'&�FKDQQHOV��2QO\�ZKHQ�DGFJOEHQ�
DQG�WKH�HQDEOH�VLJQDO�FRUUHVSRQGLQJ�WR�HDFK�'LJLWDO�$'&�FKDQQHO�
LV�YDOLG�EHIRUH�VWDUWLQJ�ZRUN� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
DGFHQBO� 
'LJLWDO�$'&�OHIW�FKDQQHO���HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
DGFHQBO�U� 
'LJLWDO�$'&�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO���HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
$&'&',*B$'&&/.&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

FLFBGVBUDWLR 
&,&�ILOWHU�GHFLPDWLRQ�UDWLR� 
�
E�������WLPHV�GHFLPDWLRQ 
�
E������WLPHV�GHFLPDWLRQ 
RWKHU����WLPHV�GHFLPDWLRQ 

� 5: �[� 
DGFBFNH 
'LJLWDO�$'&�RSHUDWLRQ�FORFN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
L�VW[BFNH 
&ORFN�HQDEOH�RI�LQWHUQDO�,�6�7;�FKDQQHO� 
�
E���'LVDEOH 
�
E���(QDEOH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
FNHBEFONW[ 
&ORFN�HQDEOH�RI�VFONBRXWBW[� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

ILOWHUBJDWHBHQ 
)LOWHU�JDWH�HQDEOH� 
7KHUH�DUH�VRPH�ILOWHUV�LQ�'LJLWDO�$'&��WKH\�ZRUN�GHSHQGV�RQ�WKH�
VDPSOH�UDWH��,I�DQ\�ILOWHUV�QRW�ZRUN��WKH�ILOWHU�DQG�LWV�
FRUUHVSRQGLQJ�PHPRU\�FORFN�ZLOO�EH�JDWHG�LI�ILOWHUBJDWHBHQ�LV�
�
E���RWKHUZLVH�WKH�FORFN�ZLOO�EH�VWLOO�DFWLYH� 
�
E���'RQ
W�JDWH�ILOWHUV
�FORFN 
�
E���*DWH�ILOWHUV
�FORFN 

� 5: �[� 

DGFBV\QFBHQD 
(QDEOH�RI�WKH�V\QFKURQL]DWLRQ�VLJQDO�JHQHUDWHG�E\�'LJLWDO�$'&��
1RWH�WKDW�RQO\�ZKHQ�ERWK�JOEFNH�DQG�DGFBV\QFBHQD�DUH�HTXDO�WR�
�
E���WKH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�$'&�FDQ�EH�JHQHUDWHG� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

DGFBV\QFBVWDWXV 
7KHUH�LV�D�FRXQWHU�WR�JHQHUDWH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�
$'&��,Q�RUGHU�WR�HQVXUH�WKH�LQWHJULW\�RI�V\QFKURQL]DWLRQ�VLJQDO��LW�
LV�QHFHVVDU\�WR�UHDG�EDFN�DGFBV\QFBVWDWXV�WR�MXGJH�ZKHWKHU�WKH�
FRXQWHU�VWRSV�ZRUNLQJ�ZKHQ�DGFBV\QFBHQD�LV�VHW�IURP��
E��WR�
�
E���,I�WKH�VLJQDO�LV�UHDG�EDFN�WR��
E���LW�PHDQV�WKDW�WKH�FRXQWHU�
VWRSV�ZRUNLQJ�DQG�WKH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�$'&�LV�
FRPSOHWH� 

 
$&'&',*B$'&,17B',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
LQWBGLYBFRQ 
,QWHUJHU�FORFN�GLYLGHU�WR�SURYLGH������������������0+]�VDPSOH�
FORFN�IRU�LQWHUQDO�ILOWHUV��0DNH�VXUH�WKDW�LQWBGLYBFRQ�LV�DQ�RGG�
QXPEHU�EHWZHHQ�����WLPHV�GLYLVLRQ��DQG�������WLPHV�GLYLVLRQ�� 

 
$&'&',*B$'&6&/.7;,17B',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VFNW[GLY 
,QWHJHU�FORFN�GLYLGHU�WR�JHQHUDWH�VFONBRXWBW[�ZKHQ�,�6�7;�ZRUNV�
LQ�PDVWHU�PRGH��,W�LV�LJQRUHG�ZKHQ�LQ�VODYH�PRGH� 

 
$&'&',*B$'&&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

DGFVUW 
6DPSOH�UDWHV�RI�'LJLWDO�$'&� 
�
E�������N+]�������N+]��N+] 
�
E�������N+]������N+]���N+] 
�
E�������N+] 
�
E�������N+]�����N+] 
�
E�������N+]�����N+]���N+] 
�
E���a�
E��������N+]������N+]����N+] 

� 5: �[� 

VLJBVFDOHBPRGH 
6LJQDO�VFDOH�PRGH�VHOHFW� 
�
E���&,&�RXWSXW�WKH�QRUPDO�ODWLWXGH� 
�
E���6FDOH�WKH�&,&�RXWSXW�WR�KDOI�RI�WKH�QRUPDO�ODWLWXGH�DQG�
VFDOH���WLPHV�DIWHU�KLJK�SDVV�ILOWHU� 

� 5: �[� 
ILUBFRPBESV 
),5�FRPSHQVDWH�ILOWHU�E\SDVV�FRQWURO� 
�
E���1RW�E\SDVV 
�
E���%\SDVV 

 
$&'&',*B$'&92//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

DGFOY� 
9ROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�GEa�������GE�������GE�VWHS� 
�
K����GE 
�
K���������GE 
�
K��������GE 
�
K���������GE 
������ 
�
KII���������GE 

 
$&'&',*B$'&92//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

DGFOY� 
9ROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�GEa�������GE�������GE�VWHS� 
�
K����GE 
�
K���������GE 
�
K��������GE 
�
K���������GE 
������ 
�
KII���������GE 

 
$&'&',*B$'&92/5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

DGFUY� 
9ROXPH�RI�'LJLWDO�$'&�ULJKW�FKDQQHO��� 
�GEa�������GE�������GE�VWHS� 
�
K����GE 
�
K���������GE 
�
K��������GE 
�
K���������GE 
������ 
�
KII���������GE 

 
$&'&',*B$'&92*3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
YROJSO� 
*DLQ�SRODULW\�IRU�WKH�YROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�
E���1HJDWLYH�JDLQ 
�
E���3RVLWLYH�JDLQ 

� 5: �[� 
YROJSU� 
*DLQ�SRODULW\�IRU�WKH�YROXPH�RI�'LJLWDO�$'&�ULJKW�FKDQQHO��� 
�
E���1HJDWLYH�JDLQ 
�
E���3RVLWLYH�JDLQ 

� 5: �[� 
YROJSO� 
*DLQ�SRODULW\�IRU�WKH�YROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�
E���1HJDWLYH�JDLQ 
�
E���3RVLWLYH�JDLQ 

 
$&'&',*B$'&592//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 52 �[II UYROO� 

,QWHUQDO�UHDO�WLPH�YROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
 
$&'&',*B$'&592//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[�� UYROO� 

,QWHUQDO�UHDO�WLPH�YROXPH�RI�'LJLWDO�$'&�OHIW�FKDQQHO��� 
 
$&'&',*B$'&592/5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 52 �[II UYROU� 

,QWHUQDO�UHDO�WLPH�YROXPH�RI�'LJLWDO�$'&�ULJKW�FKDQQHO��� 
 
$&'&',*B$'&$/&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��FF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
DOFO� 
$XWRPDWLF�OHYHO�FRQWURO�HQDEOH�IRU�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
DOFU� 
$XWRPDWLF�OHYHO�FRQWURO�HQDEOH�IRU�'LJLWDO�$'&�ULJKW�FKDQQHO��� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
DOFO� 
$XWRPDWLF�OHYHO�FRQWURO�HQDEOH�IRU�'LJLWDO�$'&�OHIW�FKDQQHO��� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
$&'&',*B$'&$/&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[� DOFDUDWH 

$/&�DWWDFN�UDWH VDPSOH�UDWH����SRZHU���DOFDUDWH��� 
��� 5: �[� DOFUUDWH 

$/&�UHOHDVH�UDWH VDPSOH�UDWH����SRZHU���DOFUUDWH��� 
 
$&'&',*B$'&$/&��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
DOFPD[ 
7KH�KLJKHVW�WKUHVKROG�RI�$/&� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

� 52 �[� UHVHUYHG 

��� 5: �[� 
DOFPLQ 
7KH�ORZHVW�WKUHVKROG�RI�$/&� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

 
$&'&',*B$'&1*�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
QJFKO 
1RLVH�JDWH�FKDQQHO� 
�
E���,QGLYLGXDO�FKDQQHO�RU� 
�
E���%RWK�FKDQQHO�DQG� 

� 5: �[� 
QJHQ 
1RLVH�JDWH�HQDEOH� 
�
E���1RLVH�JDWH�GLVDEOH 
�
E���1RLVH�JDWH�HQDEOH 

� 5: �[� 
QJERRVW 
1RLVH�JDWH�ERRVW� 
�
E���1RUPDO�QRLVH�JDWH 
�
E���%RRVW�QRLVH�JDWH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

QJJDWH 
1RLVH�JDWH�WKUHVKROG� 
,I�QJERRVW�LV��
E�� 
�
E���a�
E��������GEa���GE���GE�VWHS 
,I�QJERRVW�LV��
E�� 
�
E���a�
E��������GEa���GE���GE�VWHS 

��� 5: �[� 

QJGO\ 
1RLVH�JDWH�GHOD\��7KH�GHOD\�WLPH�EHIRUH�WKH�QRLVH�JDWH�DWWDFNV� 
�
E���������VDPSOHV 
�
E���������VDPSOHV 
�
E���������VDPSOHV 
�
E����������VDPSOHV 

 
$&'&',*B$'&1*67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 
QJVWO� 
1RLVH�JDWHV�YDOLG�VWDWXV�RI�OHIW�FKDQQHO��� 
�
E���1RW�LQ�1*�VWDWXV 
�
E���1RZ�LQ�1*�VWDWXV 

� 52 �[� 
QJVWO�U� 
1RLVH�JDWHV�YDOLG�VWDWXV�RI�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO��� 
�
E���1RW�LQ�1*�VWDWXV 
�
E���1RZ�LQ�1*�VWDWXV 

 
$&'&',*B$'&+3)(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
KSIHQBO� 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�OHIW�FKDQQHO��� 
�
E���+LJK�SDVV�ILOWHU�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�LV�HQDEOHG� 

� 5: �[� 
KSIHQBU� 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�ULJKW�FKDQQHO��� 
�
E���+LJK�SDVV�ILOWHU�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�LV�HQDEOHG� 

� 5: �[� 
KSIHQBO� 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�OHIW�FKDQQHO��� 
�
E���+LJK�SDVV�ILOWHU�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�LV�HQDEOHG� 

 
$&'&',*B$'&+3)&)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

KSIFI 
+LJK�SDVV�ILOWHU�FRQWURO� 
�
E��������+] 
�
E������+] 
�
E�������+] 
�
E�������+] 

 
$&'&',*B$'&3*/��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��HF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

SJDBO� 
3*$�JDLQ�RI�OHIW�FKDQQHO���IRU�DQDORJ\�$'&� 
0LQLPDO�JDLQ�����G%��PD[LPXP�JDLQ����G%��VWHS���G%��7KH�
PLQLPDO�JDLQ�FRUUHVSRQGV�WR��
E�����DQG�WKH�PD[LPXP�JDLQ�
FRUUHVSRQGV�WR��
E����� 

 
$&'&',*B$'&3*/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��I���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

SJDBO� 
3*$�JDLQ�RI�OHIW�FKDQQHO���IRU�DQDORJ\�$'&� 
0LQLPDO�JDLQ�����G%��PD[LPXP�JDLQ����G%��VWHS���G%��7KH�
PLQLPDO�JDLQ�FRUUHVSRQGV�WR��
E�����DQG�WKH�PD[LPXP�JDLQ�
FRUUHVSRQGV�WR��
E����� 

 
$&'&',*B$'&3*5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

SJDBU� 
3*$�JDLQ�RI�ULJKW�FKDQQHO���IRU�DQDORJ\�$'&� 
0LQLPDO�JDLQ�����G%��PD[LPXP�JDLQ����G%��VWHS���G%��7KH�
PLQLPDO�JDLQ�FRUUHVSRQGV�WR��
E�����DQG�WKH�PD[LPXP�JDLQ�
FRUUHVSRQGV�WR��
E����� 

 
$&'&',*B$'&/,/07��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
OPWBHQ 
3*$�JDLQ�/,0,7(5�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� 
PD[BOLOPW 
7KH�KLJKHVW�WKUHVKROG�RI�/,0,7(5� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

� 52 �[� UHVHUYHG 

��� 5: �[� 
PLQBOLOPW 
7KH�ORZHVW�WKUHVKROG�RI�/,0,7(5� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

 
$&'&',*B$'&/,/07��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
DWNBUDWH 
/,0,7(5�DWWDFN�UDWH �SRZHU����DWNBUDWH���FON����FON�LV�VXFK�DV�
�����0+]��������0+]�������0+]� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 
UOVBUDWH 
/,0,7(5�UHOHDVH�UDWH �SRZHU����UOVBUDWH���FON����FON�LV�VXFK�DV�
�����0+]��������0+]�������0+]� 

 
$&'&',*B$'&'0,&1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 
QJFKOBOL 
1RLVH�JDWH�FKDQQHO� 
�
E���,QGLYLGXDO�FKDQQHO�RU� 
�
E���%RWK�FKDQQHO�DQG� 

� 5: �[� 
QJHQBOL 
1RLVH�JDWH�HQDEOH� 
�
E���1RLVH�JDWH�GLVDEOH 
�
E���1RLVH�JDWH�HQDEOH 

� 5: �[� 
QJERRVWBOL 
1RLVH�JDWH�ERRVW� 
�
E���1RUPDO�QRLVH�JDWH 
�
E���%RRVW�QRLVH�JDWH 

��� 5: �[� 

QJJDWHBOL 
1RLVH�JDWH�WKUHVKROG� 
,I�QJERRVW�LV��
E�� 
�
E���a�
E��������GEa���GE���GE�VWHS 
,I�QJERRVW�LV��
E�� 
�
E���a�
E��������GEa���GE���GE�VWHS 

��� 5: �[� 

QJGO\BOL 
1RLVH�JDWH�GHOD\��7KH�GHOD\�WLPH�EHIRUH�WKH�QRLVH�JDWH�DWWDFNV� 
�
E���������VDPSOHV 
�
E���������VDPSOHV 
�
E���������VDPSOHV 
�
E����������VDPSOHV 

 
$&'&',*B$'&'0,&1*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 52 �[� 
QJYDOLGBOLBO� 
1RLVH�JDWHV�YDOLG�VWDWXV�RI�/LPLWHU�IRU�OHIW�FKDQQHO��� 
�
E���1RW�LQ�1*�VWDWXV 
�
E���1RZ�LQ�1*�VWDWXV 

� 52 �[� 

QJYDOLGBOLBO�U� 
1RLVH�JDWHV�YDOLG�VWDWXV�RI�/LPLWHU�IRU�OHIW�FKDQQHO���DQG�ULJKW�
FKDQQHO��� 
�
E���1RW�LQ�1*�VWDWXV 
�
E���1RZ�LQ�1*�VWDWXV 

 
$&'&',*B'$&98&7/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
GDFBE\SV 
'LJLWDO�'$&�YROXPH�FRQWURO�E\SDVV� 
�
E���'LJLWDO�'$&�YROXPH�FRQWURO�HQDEOH 
�
E���'LJLWDO�'$&�YROXPH�FRQWURO�E\SDVV 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
GDFIDGH 
'LJLWDO�'$&�YROXPH�DGMXVW�PRGH� 
�
E���8SGDWH�WR�QHZ�YROXPH�LPPHGLDWHO\� 
�
E���8SGDWH�YROXPH�DV�GDF]GW�ILHOG�GHVFULEHV� 

� 5: �[� 

GDF]GW 
'LJLWDO�'$&�YROXPH�FURVV�]HUR�GHWHFW�HQDEOH��,W�ZRUNV�ZKHQ�
DGFBE\SV�LV��
E��DQG�DGFIDGH�LV��
E�� 
�
E���9ROXPH�DGMXVWV�HYHU\�VDPSOH� 
�
E���9ROXPH�DGMXVWV�RQO\�ZKHQ�DXGLR�ZDYHIRUP�FURVVHV�]HUR�RU�
YROXPH�FRQWURO�WLPH�OLPLW�FRQGLWLRQ�PHHWV� 

 
$&'&',*B'$&98&7,0(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
GDFYXFW 
9ROXPH�FRQWURO�WLPH�OLPLW��YDOLG�RQO\�LQ�IDGH�FURVV�]HUR�PRGH� 
7LPH�OLPLW� �GDFYXFW���VDPSOH�UDWH� 
8QLW��VDPSOH�UDWH 

 
$&'&',*B'$&',*(1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

DGFJOEHQ 
*OREDO�HQDEOH�RI�DOO�'LJLWDO�'$&�FKDQQHOV��2QO\�ZKHQ�DGFJOEHQ�
DQG�WKH�HQDEOH�VLJQDO�FRUUHVSRQGLQJ�WR�HDFK�'LJLWDO�'$&�FKDQQHO�
LV�YDOLG�EHIRUH�VWDUWLQJ�ZRUN� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[� UHVHUYHG 

� 5: �[� 
GDFHQBO�U� 
'LJLWDO�'$&�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO���HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
$&'&',*B'$&&/.&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
GDFBFNH 
'LJLWDO�'$&�RSHUDWLRQ�FORFN�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
L�VU[BFNH 
&ORFN�HQDEOH�RI�LQWHUQDO�,�6�5;�FKDQQHO� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
FNHBEFONU[ 
&ORFN�HQDEOH�RI�VFONBRXWBU[� 
�
E���'LVDEOH 
�
E���(QDEOH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

GDFBV\QFBHQD 
(QDEOH�RI�WKH�V\QFKURQL]DWLRQ�VLJQDO�JHQHUDWHG�E\�'LJLWDO�'$&��
1RWH�WKDW�RQO\�ZKHQ�ERWK�JOEFNH�DQG�GDFBV\QFBHQD�DUH�HTXDO�WR�
�
E���WKH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�'$&�FDQ�EH�JHQHUDWHG� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 

GDFBV\QFBVWDWXV 
7KHUH�LV�D�FRXQWHU�WR�JHQHUDWH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�
'$&��,Q�RUGHU�WR�HQVXUH�WKH�LQWHJULW\�RI�V\QFKURQL]DWLRQ�VLJQDO��LW�
LV�QHFHVVDU\�WR�UHDG�EDFN�GDFBV\QFBVWDWXV�WR�MXGJH�ZKHWKHU�WKH�
FRXQWHU�VWRSV�ZRUNLQJ�ZKHQ�GDFBV\QFBHQD�LV�VHW�IURP��
E��WR�
�
E���,I�WKH�VLJQDO�LV�UHDG�EDFN�WR��
E���LW�PHDQV�WKDW�WKH�FRXQWHU�
VWRSV�ZRUNLQJ�DQG�WKH�V\QFKURQL]DWLRQ�VLJQDO�RI�'LJLWDO�'$&�LV�
FRPSOHWH� 

� 5: �[� 

GDFBPRGBDWWHQXBHQ 
:KHQ�HQDEOHG��WKH�LQSXW�RI�WKH�'LJLWDO�'$&�PRGXODWRU�LV�
DWWHQXDWHG�E\��G%��DQG�WKH�RXWSXW�RI�WKH�'LJLWDO�'$&�PRGXODWRU�
LV�LQFUHDVHG�E\��G%� 
�
E���'LVDEOH 
�
E���(QDEOH 

 
$&'&',*B'$&,17B',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
LQWBGLYBFRQ 
,QWHUJHU�FORFN�GLYLGHU�WR�SURYLGH������������������0+]�VDPSOH�
FORFN�IRU�LQWHUQDO�ILOWHUV��0DNH�VXUH�WKDW�LQWBGLYBFRQ�LV�DQ�RGG�
QXPEHU�EHWZHHQ�����WLPHV�GLYLVLRQ��DQG�������WLPHV�GLYLVLRQ�� 

 
$&'&',*B'$&6&/.5;,17B',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�I 
VFNU[GLY 
,QWHUJHU�FORFN�GLYLGHU�WR�JHQHUDWH�VFONBRXWBU[�ZKHQ�,�6�5;�
ZRUNV�LQ�PDVWHU�PRGH��,W�LV�LJQRUHG�ZKHQ�LQ�VODYH�PRGH� 

 
$&'&',*B'$&3:0B',9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[�� DXGLRBSZPBGLY 

3:0�PRGH�GLYLVLRQ�RI�'LJLWDO�'$&
V�RSHUDWLRQ�FORFN� 
 
$&'&',*B'$&3:0B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
SZPBPRGHBFNH 
&ORFN�HQDEOH�RI���ELW�3:0�PRGXODWRU 
�
E���'LVDEOH 
�
E���(QDEOH 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

SZPBPRGH 
$XGLR�3:0�PRGH�RU�$XGLR�'$&�PRGH�VHOHFWLRQ 
�
E����$XGLR�'$&�PRGH 
�
E����$XGLR�3:0�PRGH����7KH�LQSXW�RI���ELW�3:0�PRGXODWRU�LV�
IURP�WKH�ODVW�ILOWHU�RI�$XGLR�'$&� 
�
E����$XGLR�3:0�PRGH����7KH�LQSXW�RI���ELW�3:0�PRGXODWRU�LV�
GLUHFWO\�IURP�RXWSXW�RI�,�6�5;�LQVLGH�WKH�$&'&',*� 

� 5: �[� 
SZPBHQ 
��ELW�3:0�PRGXODWRU�HQDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[� GLWKBVHO 
'LWK�PRGH�VHOHFWLRQ�RI���ELW�3:0�PRGXODWRU 

 
$&'&',*B'$&&)*��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

GDFVUW 
6DPSOH�UDWHV�RI�'LJLWDO�'$&� 
�
E�������N+]�������N+]��N+] 
�
E�������N+]������N+]���N+] 
�
E�������N+]���N+]�����N+] 
�
E�������N+]�����N+]���N+] 
�
E��������N+]������N+]����N+] 
�
E���a�
E�����5HVHUYHG 

 
$&'&',*B'$&087(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

GDFXQPW 
�
E���'$&�QRUPDO�PRGH 
�
E���'$&�XQPXWH�PRGH��,Q�WKLV�PRGH��'$&�YROXPH�FRQWURO�
EORFN�ZLOO�DGMXVW�YROXPH�WR�PDWFK�WKH�YDOXH�LQ�'$&92//�DQG�
'$&92/5� 

� 5: �[� 
GDFPW 
�
E���'$&�QRUPDO�PRGH 
�
E���'$&�PXWH�PRGH 

 
$&'&',*B'$&087(67�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 

XQPXWHVWBO�U� 
8QPXWH�VWDWXV�IRU�'LJLWDO�'$&�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO����
:KHQ�XQPXWH�LV�GRQH��LW�LQGLFDWHV�WKDW�LQWHUQDO�YROXPH�LV�HTXDO�
WR�WKH�YDOXH�SURJUDPPHG�LQ�'$&92//�DQG�'$&92/5��  
�
E���8QPXWH�QRW�GRQH 
�
E���8QPXWH�GRQH 

��� 52 �[� UHVHUYHG 

� 52 �[� 
PXWHVWBO�U� 
0XWH�VWDWXV�IRU�'LJLWDO�'$&�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO��� 
�
E���1RW�PXWH 
�
E���0XWH 
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$&'&',*B'$&92//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

GDFOY� 
9ROXPH�RI�'LJLWDO�'$&�OHIW�FKDQQHO��� 
�GEa�������GE�������GE�VWHS� 
�
K����GE 
�
K���������GE 
�
K��������GE 
�
K���������GE 
������ 
�
KII���������GE 

 
$&'&',*B'$&92/5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

GDFUY� 
9ROXPH�RI�'LJLWDO�'$&�ULJKW�FKDQQHO��� 
�GEa�������GE�������GE�VWHS� 
�
K����GE 
�
K���������GE 
�
K��������GE 
�
K���������GE 
������ 
�
KII���������GE 

 
$&'&',*B'$&92*3�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
YROJSU� 
*DLQ�SRODULW\�IRU�WKH�YROXPH�RI�'LJLWDO�'$&�ULJKW�FKDQQHO��� 
�
E���1HJDWLYH�JDLQ 
�
E���3RVLWLYH�JDLQ 

� 5: �[� 
YROJSO� 
*DLQ�SRODULW\�IRU�WKH�YROXPH�RI�'LJLWDO�'$&�OHIW�FKDQQHO��� 
�
E���1HJDWLYH�JDLQ 
�
E���3RVLWLYH�JDLQ 

 
$&'&',*B'$&592//��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 52 �[II UYROO� 

,QWHUQDO�UHDO�WLPH�YROXPH�RI�'LJLWDO�'$&�OHIW�FKDQQHO��� 
 
$&'&',*B'$&592/5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 52 �[II UYROU� 

,QWHUQDO�UHDO�WLPH�YROXPH�RI�'LJLWDO�'$&�ULJKW�FKDQQHO��� 
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$&'&',*B'$&/07��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
OLPHQ 
/,0,7(5�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

� 5: �[� 
OLPGFW 
/LPLWHU�GHWHFW�PRGH� 
�
E����/HIW�FKDQQHO���ULJKW�FKDQQHO��� 
�
E���/HIW�FKDQQHO�RU�ULJKW�FKDQQHO�LQGHSHQGHQWO\ 

 
$&'&',*B'$&/07��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��G���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
DWNBUDWH 
/,0,7(5�DWWDFN�UDWH �SRZHU����DWNBUDWH���FON����FON�LV�VXFK�DV�
�����0+]��������0+]�������0+]� 

��� 5: �[� 
UOVBUDWH 
/,0,7(5�UHOHDVH�UDWH �SRZHU����UOVBUDWH���FON����FON�LV�VXFK�DV�
�����0+]��������0+]�������0+]� 

 
$&'&',*B'$&/07��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��GF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 
PD[BOLOPW 
7KH�KLJKHVW�WKUHVKROG�RI�/,0,7(5� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

� 52 �[� UHVHUYHG 

��� 5: �[� 
PLQBOLOPW 
7KH�ORZHVW�WKUHVKROG�RI�/,0,7(5� 
�
E���a�
E������GEa���GE���GE�VWHS 
�
E���a�
E��������GEa���GE���GE�VWHS 

 
$&'&',*B'$&0,;&75//�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

PL[PRGHBO� 
'LJLWDO�'$&�OHIW�FKDQQHO���PL[LQJ�PRGH� 
�
E����/HIW�FKDQQHO 
�
E����5LJKW�FKDQQHO 
�
E��a�
E�����/HIW�FKDQQHO���ULJKW�FKDQQHO��� 

 
$&'&',*B'$&0,;&75/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

PL[PRGHBU� 
'LJLWDO�'$&�ULJKW�FKDQQHO���PL[LQJ�PRGH� 
�
E����/HIW�FKDQQHO 
�
E����5LJKW�FKDQQHO 
�
E��a�
E�����/HIW�FKDQQHO���ULJKW�FKDQQHO��� 

 
$&'&',*B'$&+3)�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��H���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

KSIFI 
+LJK�SDVV�ILOWHU�FRQWURO� 
�
E������+] 
�
E�������+] 
�
E�������+] 
�
E�������+] 

��� 52 �[� UHVHUYHG 

� 5: �[� 
KSIHQBO�U� 
+LJK�SDVV�ILOWHU�HQDEOH�IRU�OHIW�FKDQQHO���DQG�ULJKW�FKDQQHO��� 
�
E���+LJK�SDVV�ILOWHU�LV�GLVDEOHG� 
�
E���+LJK�SDVV�ILOWHU�LV�HQDEOHG� 

 
$&'&',*B,�&B)/7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[� IOWBU 

)LOWHU�VFO�ULVLQJ�HGJH�JOLWFKHV�RI�ZLGWK�OHVV�WKDQ�IOWBU��7FONBL�F� 
��� 5: �[� IOWBI 

)LOWHU�VFO�IDOOLQJ�HGJH�JOLWFKHV�RI�ZLGWK�OHVV�WKDQ�IOWBI��7FONBL�F� 
 
$&'&',*B,�&B)/7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

K�BFKHFNBVFO 
�
E���&KHFN�LI�VFO�EHHQ�SXOO�GRZQ�E\�VODYH�DW�WKH�ZKROH�
6&/B+,*+� 
�
E���&KHFN�LI�VFO�EHHQ�SXOO�GRZQ�E\�VODYH�RQO\�DW�WKH�K��RI�
6&/B+,*+��6&/B+,*+�LQFOXGLQJ�K�aK�� 

� 5: �[� 
QDNBUHOHDVHBVFO 
�
E���+ROG�VFO�DV�ORZ�ZKHQ�UHFHLYHG�QDFN� 
�
E���5HOHDVH�VFO�DV�KLJK�ZKHQ�UHFHLYHG�QDFN� 

� 5: �[� 
IOWBHQ 
6&/�HGJH�JOLWFK�ILOWHU�HQDEOH� 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 5: �[I VOYBKROGBVFOBWK 
6ODYH�KROG�VFO�WKUHVKROG� �VOYBKROGBVFOBGE��7FONBL�F� 

 
$&'&',*B,�&B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 
DFW�QDN 
2SHUDWLRQ�ZKHQ�1$.�KDQGVKDNH�LV�UHFHLYHG� 
�
E���,JQRUHG 
�
E���6WRS�WUDQVDFWLRQ 

��� 52 �[� UHVHUYHG 

��� 5: �[� 
L�FBPRGH 
,�&�PRGH�VHOHFW� 
�
E����7UDQVPLW�RQO\ 
�
E��a�
E����5HVHUYHG 

� 5: �[� 
L�FBHQ 
,�&�HQDEOH� 
�
E���1RW�HQDEOH 
�
E���(QDEOH 

 
$&'&',*B,�&B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
VWRSBVHWXS 
6WRS�VHWXS�FRQILJXUH� 
768��VWR� ��VWRSBVHWXS�������7�6&/B+,*+����7FONBL�F 

��� 5: �[� 
VWDUWBVHWXS 
6WDUW�VHWXS�FRQILJXUH� 
768��VWD� ��VWDUWBVHWXS�������7�6&/B+,*+����7FONBL�F 
7+'��VWD� ��VWDUWBVHWXS�������7�6&/B+,*+����7FONBL�F 

��� 5: �[� 

GDWDBXSGBVW 
6'$�XSGDWH�SRLQW�FRQILJXUH� 
8VHG�WR�FRQILJXUH�VGD�FKDQJH�VWDWH�ZKHQ�VFO�LV�ORZ��XVHG�WR�
DGMXVW�VHWXS�KROG�WLPH� 
�
EQ��7KROG� ��Q�������7FONBL�F 
1RWH����� �Q�� �� 

 
$&'&',*B,�&B&/.',9/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FONGLYO� 
/RZ���ELWV�RI�VFO�ORZ�OHYHO�FORFN�GLYLGHU��7KH�YDOXH�RI����ELWV�VFO�
ORZ�OHYHO�FORFN�GLYLGHU�XSGDWHV�RQO\�ZKHQ�FONGLYO��LV�
SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�FONGLYO��ILUVWO\��IROORZHG�E\�
FONGLYO�� 

 
$&'&',*B,�&B&/.',9/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FONGLYO� 
+LJK���ELWV�RI�VFO�ORZ�OHYHO�FORFN�GLYLGHU��7KH�YDOXH�RI����ELWV�VFO�
ORZ�OHYHO�FORFN�GLYLGHU�XSGDWHV�RQO\�ZKHQ�FONGLYO��LV�
SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�FONGLYO��ILUVWO\��IROORZHG�E\�
FONGLYO�� 
7�6&/B/2:�� �7FONBL�F���&/.',9/����������ZKHUH�WKH�
&/.',9/�LV�HTXDO�WR�FONGLYO��FONGLYO����� 

 
$&'&',*B,�&B&/.',9+��  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FONGLYK� 
/RZ���ELWV�RI�VFO�KLJK�OHYHO�FORFN�GLYLGHU��7KH�YDOXH�RI����ELWV�VFO�
KLJK�OHYHO�FORFN�GLYLGHU�XSGDWHV�RQO\�ZKHQ�FONGLYK��LV�
SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�FONGLYK��ILUVWO\��IROORZHG�E\�
FONGLYK�� 

 
$&'&',*B,�&B&/.',9+��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

FONGLYK� 
+LJK���ELWV�RI�VFO�KLJK�OHYHO�FORFN�GLYLGHU��7KH�YDOXH�RI����ELWV�VFO�
KLJK�OHYHO�FORFN�GLYLGHU�XSGDWHV�RQO\�ZKHQ�FONGLYK��LV�
SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�FONGLYK��ILUVWO\��IROORZHG�E\�
FONGLYK�� 
7�6&/B/2:�� �7FONBL�F���&/.',9+����������ZKHUH�WKH�
&/.',9+�LV�HTXDO�WR�FONGLYK��FONGLYK����� 

 
$&'&',*B,�&B0$;&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 
LGOH 
�
E���,�&�PRGXOH�LV�EXV\� 
�
E���,�&�PRGXOH�LV�LGOH� 

� 52 �[� UHVHUYHG 

��� 5: �[�� 
PW[FQW 
0DVWHU�WUDQVPLW�QXPEHU��6SHFLI\�WKH�WRWDO�E\WHV�WR�EH�
WUDQVPLWWHG���a���� 

 
$&'&',*B,�&B6&/2(B'%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VFORHGE� 
%LW�aELW��RI�VODYH�KROG�VFO�GHERXQFH�UHJLVWHU� 
&\FOHV�IRU�GHERXQFH��XQLW��7FONBL�F�� 

 
$&'&',*B,�&B6&/2(B'%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��D���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VFORHGE� 
%LW��aELW��RI�VODYH�KROG�VFO�GHERXQFH�UHJLVWHU� 
&\FOHV�IRU�GHERXQFH��XQLW��7FONBL�F�� 

 
$&'&',*B,�&B6&/2(B'%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��DF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VFORHGE� 
%LW��aELW���RI�VODYH�KROG�VFO�GHERXQFH�UHJLVWHU� 
&\FOHV�IRU�GHERXQFH��XQLW��7FONBL�F�� 
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$&'&',*B,�&B6&/2(B'%��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
VFORHGE� 
%LW��aELW���RI�VODYH�KROG�VFO�GHERXQFH�UHJLVWHU� 
&\FOHV�IRU�GHERXQFH��XQLW��7FONBL�F�� 

 
$&'&',*B,�&B70287/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�I 

WPRXWO 
/RZ���ELWV�RI����ELWV�,�&�WUDQVPLW�UHTXHVW�WLPH�RXW�UHJLVWHU��7KH�
YDOXH�RI����ELWV�,�&�WUDQVPLW�UHTXHVW�WLPH�RXW�UHJLVWHU�XSGDWHV�
RQO\�ZKHQ�WPRXWK�LV�SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�WPRXWO�
ILUVWO\��IROORZHG�E\�WPRXWK� 

 
$&'&',*B,�&B70287+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��E���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

WPRXWK 
+LJK���ELWV�RI����ELWV�,�&�WUDQVPLW�UHTXHVW�WLPH�RXW�UHJLVWHU��7KH�
YDOXH�RI����ELWV�,�&�WUDQVPLW�UHTXHVW�WLPH�RXW�UHJLVWHU�XSGDWHV�
RQO\�ZKHQ�WPRXWK�LV�SURJUDPPHG��6R�HQVXUH�WR�SURJUDP�WPRXWO�
ILUVWO\��IROORZHG�E\�WPRXWK� 

 
$&'&',*B,�&B'(9B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��EF��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[�� GHYBDGGU 

,�&�VODYH�GHYLFH�DGGUHVV� 
 
$&'&',*B,�&B5(*B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[�� UHJDGGU 

,�&�VODYH�UHJLVWHU�DGGUHVV�WR�EH�DFFHVVHG� 
 
$&'&',*B,�&B67$786�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��F���  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 
VODYHKGVFOVW 
6ODYH�KROG�VFO�VWDWXV�ELW� 
�
E���6ODYH�QRW�KROG�VFO� 
�
E���6ODYH�KROG�VFO��ZULWH��
E��WR�FOHDU� 

� 52 �[� 
QDNUFYVW 
1$.�KDQGVKDNH�UHFHLYHG�VWDWXV�ELW� 
�
E���1R�1$.�KDQGVKDNH�UHFHLYHG� 
�
E���1$.�KDQGVKDNH�UHFHLYHG��ZULWH��
E��WR�FOHDU� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
VWRSVW 
6WRS�RSHUDWLRQ�ILQLVKHG�VWDWXV�ELW� 
�
E���1R�ILQLVKHG� 
�
E���6WRS�RSHUDWLRQ�ILQLVKHG��ZULWH��
E��WR�FOHDU� 

� 52 �[� 
VWDUWVW 
6WDUW�RSHUDWLRQ�ILQLVKHG�VWDWXV�ELW� 
�
E���1RW�ILQLVKHG� 
�
E���6WDUW�RSHUDWLRQ�ILQLVKHG��ZULWH��
E��WR�FOHDU� 

� 52 �[� UHVHUYHG 

� 52 �[� 
PEWIVW 
,�&B07;&17�GDWD�WUDQVIHU�ILQLVKHG�VWDWXV�ELW� 
�
E���1RW�ILQLVKHG� 
�
E���,�&B07;&17�GDWD�WUDQVIHU�ILQLVKHG��ZULWH��
E��WR�FOHDU� 

� 52 �[� UHVHUYHG 

� 52 �[� 
EWIVW 
%\WH�W[�ILQLVKHG�VWDWXV�ELW� 
�
E���%\WH�W[�QRW�ILQLVK� 
�
E���%\WH�W[�ILQLVKHG��ZULWH��
E��WR�FOHDU� 

 
$&'&',*B,�6B7;&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

SEP 
�
E����3&0�QR�GHOD\�PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 

� 5: �[� 
WIV 
�
E���,�6�IRUPDW 
�
E���3&0�IRUPDW 

��� 5: �[�I 

YGZ 
�
E�����a�
E�������5HVHUYHG 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
������ 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 

 
$&'&',*B,�6B7;&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
WFVU 
�
E����7ZR�FKDQQHO 
�
E����)RXU�FKDQQHO 
2WKHUV��5HVHUYHG 

� 52 �[� UHVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

FH[ 
([FKDQJH�OHIW�FKDQQHO�DQG�ULJKW�FKDQQHO�LQ�WKH�HYHU\�WUDQVPLW�
OLQH� 
�
E���1RW�H[FKDQJH 
�
E���([FKDQJH 

� 52 �[� UHVHUYHG 

� 5: �[� 
IEP 
�
E���06% 
�
E���/6% 

��� 5: �[� 

LEP 
�
E����,�6�QRUPDO 
�
E����,�6�/HIW�MXVWLILHG 
�
E����,�6�5LJKW�MXVWLILHG 
�
E����5HVHUYHG 

 
$&'&',*B,�6B7;&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 
UFQW 
2QO\�YDOLG�LQ�,�6�5LJKW�MXVWLILHG�IRUPDW�DQG�VODYH�W[�PRGH�LV�
VHOHFWHG� 
6WDUW�WR�WUDQVPLW�GDWD�UFQW�VFON�F\FOHV�DIWHU�OHIW�FKDQQHO�YDOLG� 

 
$&'&',*B,�6B5;&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 

SEP 
�
E����3&0�QR�GHOD\�PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 
�
E����3&0�GHOD\���PRGH 

� 5: �[� 
WIV 
�
E���,�6�IRUPDW�  
�
E���3&0�IRUPDW 

��� 5: �[�� 

YGZ 
�
E�����a�
E�������5HVHUYHG 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
������ 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 
�
E���������ELW 

 
$&'&',*B,�6B5;&5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[� 
UFVU 
�
E����7ZR�FKDQQHO 
2WKHUV��5HVHUYHG 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
� 52 �[� UHVHUYHG 

� 5: �[� 
FH[ 
([FKDQJH�OHIW�FKDQQHO�DQG�ULJKW�FKDQQHO�LQ�WKH�HYHU\�UHFHLYH�OLQH� 
�
E���1RW�H[FKDQJH 
�
E���([FKDQJH 

� 52 �[� UHVHUYHG 

� 5: �[� 
IEP 
�
E���06% 
�
E���/6% 

��� 5: �[� 

LEP 
�
E����,�6�QRUPDO 
�
E����,�6�/HIW�MXVWLILHG 
�
E����,�6�5LJKW�MXVWLILHG 
�
E����5HVHUYHG 

 
$&'&',*B,�6B&.5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[� 

UVG 
,�6�U[�VFON�GLYLGHU�IRU�U[BOUFN�JHQHUDWRU� 
�
E������ 
�
E������� 
�
E��a�
E������� 

��� 5: �[� 

WVG 
,�6�W[�VFON�GLYLGHU�IRU�W[BOUFN�JHQHUDWRU� 
�
E������ 
�
E������� 
�
E��a�
E������� 

 
$&'&',*B,�6B&.5��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 
PVV 
�
E���0DVWHU�PRGH�VFON�RXWSXW� 
�
E���6ODYH�PRGH�VFON�LQSXW� 

� 5: �[� 

FNS 
�
E���6DPSOH�GDWD�DW�SRVHGJH�VFON�DQG�GULYH�GDWD�DW�QHJHGJH�
VFON� 
�
E���6DPSOH�GDWD�DW�QHJHGJH�VFON�DQG�GULYH�GDWD�DW�SRVHGJH�
VFON� 

� 5: �[� 

UOS 
�
E���1RUPDO�SRODULW\ 
�,�6�QRUPDO��ORZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��KLJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��KLJK�YDOLG� 
�
E���2SSRVLWH�SRODULW\ 
�,�6�QRUPDO��KLJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��ORZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��ORZ�YDOLG� 
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�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

WOS 
�
E���1RUPDO�SRODULW\ 
�,�6�QRUPDO��ORZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��KLJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��KLJK�YDOLG� 
�
E���2SSRVLWH�SRODULW\ 
�,�6�QRUPDO��KLJK�IRU�OHIW�FKDQQHO��ORZ�IRU�ULJKW�FKDQQHO 
,�6�OHIW�ULJKW�MXVW��ORZ�IRU�OHIW�FKDQQHO��KLJK�IRU�ULJKW�FKDQQHO 
3&0�VWDUW�VLJQDO��ORZ�YDOLG� 

 
$&'&',*B,�6B;)(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
U[V 
�
E���6WRS�5;�WUDQVIHU 
�
E���6WDUW�5;�WUDQVIHU 

� 5: �[� 
W[V 
�
E���6WRS�7;�WUDQVIHU 
�
E���6WDUW�7;�WUDQVIHU 

 
$&'&',*B,�6B&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
� 5: �[� U[F 

7KLV�LV�D�VHOI�FOHDUHG�ELW��:ULWH���WR�FOHDU�DOO�UHFHLYH�ORJLF� 
� 5: �[� W[F 

7KLV�LV�D�VHOI�FOHDUHG�ELW��:ULWH���WR�FOHDU�DOO�WUDQVPLW�ORJLF� 
 
$&'&',*B9(56,21�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  
�%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
��� 5: �[�� YHU 

9HUVLRQ�RI�$&'&',*� 

23.4.4 ,QWHUIDFH�'HVFULSWLRQ 
'LJLWDO�$XGLR�&RGHF�VXSSRUWV�DXGLR�'$&�PRGH�DQG�DXGLR�3:0�PRGH��7KH�IROORZLQJ�WDEOH�
VKRZV�WKH�'LJLWDO�$XGLR�&RGHF�LQWHUIDFH�GHVFULSWLRQ�IRU�DXGLR�'$&�PRGH� 

������ʹ͵Ǧʹ������������������������������������������������������������� 
Module Pin Dir. Pad Name IOMUX Setting 

D2A_ADC_CLK O I2C3_SCL_M0/UART3_TX_M0/CAN1_TX_M0/AUDIO
PWM_LOUT_N/ACODEC_ADC_CLK/GPIO1_A1_u GRF_GPIO1A_IOMUX_L[6:4]=3¶b101 

D2A_ADC_SYNC O 
I2S1_SDO2_M0/I2S1_SDI2_M0/PDM_SDI2_M0/PCI

E20_WAKEn_M2/ACODEC_ADC_SYNC/GPIO1_B1_d 
GRF_GPIO1B_IOMUX_L[6:4]=3¶b101 

A2D_ADC_DATA I 
I2C3_SDA_M0/UART3_RX_M0/CAN1_RX_M0/AUDIO

PWM_LOUT_P/ACODEC_ADC_DATA/GPIO1_A0_u 
GRF_GPIO1A_IOMUX_L[2:0]=3¶b101 

D2A_DAC_CLK O 
I2S1_SCLK_TX_M0/UART3_CTSn_M0/SCR_IO/PCIE

30X1_WAKEn_M2/ACODEC_DAC_CLK/GPIO1_A3_d 
GRF_GPIO1A_IOMUX_L[14:12]=3¶b10
1 

D2A_DAC_SYNC O 

I2S1_LRCK_TX_M0/UART4_RTSn_M0/SCR_RST/PCI

E30X1_CLKREQn_M2/ACODEC_DAC_SYNC/GPIO1_A

5_d 

GRF_GPIO1A_IOMUX_H[6:4]=3¶b101 
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Module Pin Dir. Pad Name IOMUX Setting 

D2A_DAC_DATA_L O 
I2S1_SDO0_M0/UART4_CTSn_M0/SCR_DET/AUDIO

PWM_ROUT_N/ACODEC_DAC_DATAL/GPIO1_A7_d 
GRF_GPIO1A_IOMUX_H[14:12]=3¶b10
1 

D2A_DAC_DATA_R O 

I2S1_SDO1_M0/I2S1_SDI3_M0/PDM_SDI3_M0/PCI

E20_CLKREQn_M2/ACODEC_DAC_DATAR/GPIO1_B0

_d 

GRF_GPIO1B_IOMUX_L[2:0]=3¶b101 

:KHQ�RSHUDWLQJ�LQ�DXGLR�3:0�PRGH��'LJLWDO�$XGLR�&RGHF�RXWSXWV�WZR�SDLUV�RI�GLIIHUHQWLDO�
VLJQDOV�HQFRGHG�LQ�3:0�IRUPDW��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�'LJLWDO�$XGLR�&RGHF�LQWHUIDFH�
GHVFULSWLRQ�IRU�DXGLR�3:0�PRGH� 

������ʹ͵Ǧ͵������������������������������������������������������������� 
Module Pin Dir. Pad Name IOMUX Setting 

AUDIO_PWM_L_P O I2C3_SDA_M0/UART3_RX_M0/CAN1_RX_M0/AUDIO
PWM_LOUT_P/ACODEC_ADC_DATA/GPIO1_A0_u GRF_GPIO1A_IOMUX_L[2:0]=3¶b110 

AUDIO_PWM_L_N O I2C3_SCL_M0/UART3_TX_M0/CAN1_TX_M0/AUDIO
PWM_LOUT_N/ACODEC_ADC_CLK/GPIO1_A1_u GRF_GPIO1A_IOMUX_L[6:4]=3¶b110 

AUDIO_PWM_R_P O I2S1_LRCK_RX_M0/UART4_TX_M0/PDM_CLK0_M0/
AUDIOPWM_ROUT_P/GPIO1_A6_d GRF_GPIO1A_IOMUX_H[10:8]=3¶b100 

AUDIO_PWM_R_N O I2S1_SDO0_M0/UART4_CTSn_M0/SCR_DET/AUDIO
PWM_ROUT_N/ACODEC_DAC_DATAL/GPIO1_A7_d 

GRF_GPIO1A_IOMUX_H[14:12]=3¶b10
0 

23.5 Application Notes 

23.5.1 )UHTXHQF\�&RQILJXUDWLRQ 
$&'&B$'&B&/.�DQG�$&'&B'$&B&/.�DUH�LQSXW�FORFNV�RI�'LJLWDO�$XGLR�&RGHF��2SHUDWLRQ�
FORFN�RI�GLJLWDO�$'&�DQG�,�6�PDVWHU�7;�PRGH�DUH�JHQHUDWHG�IURP�$&'&B$'&B&/.��ZKLOH�
RSHUDWLRQ�FORFN�RI�GLJLWDO�'$&�DQG�,�6�PDVWHU�5;�PRGH�DUH�JHQHUDWHG�IURP�$&'&B'$&B&/.��
$&'&B$'&B&/.�DQG�$&'&B'$&B&/.�DUH�DV\QFKURQRXV�WR�HDFK�RWKHU��$&'&B$'&B&/.�
PXVW�EH�KRPRORJRXV�WR�WKH�0&/.B7;�RI�,�6�ZKLFK�LV�FRQQHFWHG�WR�'LJLWDO�$XGLR�&RGHF�ZKHQ�
WKH�,�6�7;�PRGXOH�LQVLGH�'LJLWDO�$XGLR�&RGHF�DFWV�DV�D�VODYH��,W�LV�VLPLODU�WKDW�
$&'&B'$&B&/.�PXVW�EH�KRPRORJRXV�WR�WKH�0&/.B5;�RI�,�6�ZKLFK�LV�FRQQHFWHG�WR�'LJLWDO�
$XGLR�&RGHF�ZKHQ�WKH�,�6�5;�PRGXOH�LQVLGH�'LJLWDO�$XGLR�&RGHF�DFWV�DV�D�VODYH� 
&ORFNV�QDPHG�'�$B$'&B&/.�DQG�'�$B'$&B&/.�DFWLQJ�DV�LQWHUIDFH�FORFN�JHQHUDWHG�IURP�
$&'&B$'&B&/.�DQG�$&'&B'$&B&/.�UHVSHFWLYHO\�DUH�VHQW�RXW�WR�$QDORJ�&RGHF��,Q�RUGHU�WR�
WUDQVIHU�DXGLR�GDWD�EHWZHHQ�GLJLWDO�&RGHF�DQG�$QDORJ�&RGHF��LQ�DGGLWLRQ�WR�WKH�DXGLR�GDWD�
OLQHV�RI�GLJLWDO�$'&�DQG�'$&��WZR�SHULRGLF�V\QFKURQRXV�VLJQDO�QDPHG�'�$B$'&B6<1&�DQG�
'�$B'$&B6<1&�DUH�QHHGHG�WR�LQGLFDWH�WKH�VWDUW�RI�HYHU\�VDPSOH�GDWD� 
7KH�'LJLWDO�$'&�VXSSRUWV�WKUHH�DSSOLFDWLRQ�VFHQDULRV�WKDW�DUH�QRUPDO�PRGH��ORZ�SRZHU�PRGH�
��DQG�ORZ�SRZHU�PRGH����'LIIHUHQW�DSSOLFDWLRQ�PRGH�UHTXLUHV�GLIIHUHQW�IUHTXHQF\�RI�
$&'&B$'&B&/.��,I�$&'&',*B$'&&/.&75/�FLFBGVBUDWLR�LV�SURJUDPPHG�WR�������DQG����WKH�
'LJLWDO�$'&�RSHUDWHV�LQ�QRUPDO�PRGH��ORZ�SRZHU�PRGH���DQG�ORZ�SRZHU�PRGH���
UHVSHFWLYHO\� 
7KH�UHODWLRQVKLS�RI�$&'&B$'&B&/.��'�$B$'&B&/.��'�$B$'&B6<1&�DQG�VDPSOH�UDWHV�LV�DV�
IROORZV�ZKHUH�WKH�'�$B$'&B&/.�LV���WLPHV�RI�'�$B$'&B6<1&� 
������ʹ͵ǦͶ���������������������̴���̴���ǡ��ʹ�̴���̴���ǡ��ʹ�̴���̴������������������������������������ 
����ͺ���ͺ�>< �Ϯ�ͺ���ͺ�>< �Ϯ�ͺ���ͺ^zE� ^ĂŵƉůĞ�ƌĂƚĞƐ�ƐƵƉƉŽƌƚĞĚ 
ϰϵ͘ϭϱϮD,ǌ ϰϵ͘ϭϱϮD,ǌ ϲ͘ϭϰϰD,ǌ ϭϮͬϮϰͬϰϴͬϵϲͬϭϵϮŬ,ǌ 
ϰϱ͘ϭϱϰD,ǌ ϰϱ͘ϭϱϰD,ǌ ϱ͘ϲϰϰD,ǌ ϭϭ͘ϬϮϰͬϮϮ͘Ϭϱͬϰϰ͘ϭͬϴϴ͘Ϯͬϭϳϲ͘ϰ�Ŭ,ǌ 
ϯϮ͘ϳϲϴD,ǌ ϯϮ͘ϳϲϴD,ǌ ϰ͘ϬϵϲD,ǌ ϴͬϭϲͬϯϮͬϲϰͬϭϮϴŬ,ǌ 

������ʹ͵Ǧͷ���������������������̴���̴���ǡ��ʹ�̴���̴���ǡ��ʹ�̴���̴���� 
� �����������������������������������ͳ 

����ͺ���ͺ�>< �Ϯ�ͺ���ͺ�>< �Ϯ�ͺ���ͺ^zE� ^ĂŵƉůĞ�ƌĂƚĞƐ�ƐƵƉƉŽƌƚĞĚ 
Ϯϰ͘ϱϳϲD,ǌ Ϯϰ͘ϱϳϲD,ǌ ϯ͘ϬϳϮD,ǌ ϭϮͬϮϰͬϰϴͬϵϲŬ,ǌ 
ϮϮ͘ϱϳϳD,ǌ ϮϮ͘ϱϳϳD,ǌ Ϯ͘ϴϮϮD,ǌ ϭϭ͘ϬϮϰͬϮϮ͘Ϭϱͬϰϰ͘ϭͬϴϴ͘ϮŬ,ǌ 
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ϭϲ͘ϯϴϰD,ǌ ϭϲ͘ϯϴϰD,ǌ Ϯ͘ϬϰϴD,ǌ ϴͬϭϲͬϯϮͬϲϰŬ,ǌ 
������ʹ͵Ǧ���������������������̴���̴���ǡ��ʹ�̴���̴���ǡ��ʹ�̴���̴���� 

� �����������������������������������ʹ 
����ͺ�>< �Ϯ�ͺ���ͺ�>< �Ϯ�ͺ���ͺ^zE� ^ĂŵƉůĞ�ƌĂƚĞƐ�ƐƵƉƉŽƌƚĞĚ 
ϭϮ͘ϮϴϴD,ǌ ϭ͘ϱϯϲD,ǌ ϭ͘ϱϯϲD,ǌ ϭϮͬϮϰͬϰϴŬ,ǌ 
ϭϭ͘ϮϴϴD,ǌ ϭ͘ϰϭϭD,ǌ ϭ͘ϰϭϭD,ǌ ϭϭ͘ϬϮϰͬϮϮ͘Ϭϱͬϰϰ͘ϭŬ,ǌ 
ϴ͘ϭϵϮD,ǌ ϭ͘ϬϮϰD,ǌ ϭ͘ϬϮϰD,ǌ ϴͬϭϲŬ,ǌ 
)RU�'LJLWDO�'$&��WKH�UHODWLRQVKLS�RI�$&'&B'$&B&/.��'�$B'$&B&/.��'�$B'$&B6<1&�DQG�
VDPSOH�UDWHV�LV�DV�IROORZV�ZKHUH�WKH�'�$B'$&B&/.�LV���WLPHV�RI�'�$B'$&B6<1&� 

������ʹ͵Ǧ���������������������̴���̴���ǡ��ʹ�̴���̴���ǡ��ʹ�̴���̴��������������������� 
����ͺ���ͺ�>< �Ϯ�ͺ���ͺ�>< �Ϯ�ͺ���ͺ^zE� ^ĂŵƉůĞ�ƌĂƚĞƐ�ƐƵƉƉŽƌƚĞĚ 
ϰϵ͘ϭϱϮD,ǌ ϰϵ͘ϭϱϮD,ǌ ϲ͘ϭϰϰD,ǌ ϭϮͬϮϰͬϰϴͬϵϲͬϭϵϮŬ,ǌ 
ϰϱ͘ϭϱϰD,ǌ ϰϱ͘ϭϱϰD,ǌ ϱ͘ϲϰϰD,ǌ ϭϭ͘ϬϮϰͬϮϮ͘Ϭϱͬϰϰ͘ϭͬϴϴ͘Ϯͬϭϳϲ͘ϰ�Ŭ,ǌ 
ϯϮ͘ϳϲϴD,ǌ ϯϮ͘ϳϲϴD,ǌ ϰ͘ϬϵϲD,ǌ ϴͬϭϲͬϯϮͬϲϰͬϭϮϴŬ,ǌ 

23.5.2 2SHUDWLRQ�0RGH 
7KH�'LJLWDO�$XGLR�&RGHF�VXSSRUWV�WZR�RSHUDWLRQ�PRGHV��DV\QFKURQRXV�PRGH�DQG�
V\QFKURQRXV�PRGH�E\�SURJUDPPLQJ�$&'&',*B6<6&75/��V\QFBPRGH� 
7KH�DV\QFKURQRXV�PRGH�UHIHUV�WR�WKDW�$&'&B$'&B&/.�DQG�$&'&B'$&B&/.�DUH�
DV\QFKURQRXV�WR�HDFK�RWKHU��7KH�LQWHUIDFH�RI�'LJLWDO�$'&�LV�FRQVLVWV�RI�'�$B$'&B&/.��
'�$B$'&B6<1&�DQG�$�'B$'&B'$7$��LQGHSHQGHQWO\�WR�WKH�LQWHUIDFH�RI�'LJLWDO�'$&�ZKLFK�LV�
FRQVLVWV�RI '�$B'$&B&/.��'�$B'$&B6<1&� '�$B'$&B'$7$B/�DQG�'�$B'$&B'$7$B5. 
7KHUH�DUH�QR�UHODWLRQVKLS�EHWZHHQ�LQWHUIDFH�RI�'LJLWDO�$'&�DQG�'LJLWDO�'$&� 
7KH�V\QFKURQRXV�PRGH�UHIHUV�WR�WKDW�$&'&B$'&B&/.�DQG�$&'&B'$&B&/.�DUH�IHG�LQWR�D�
PX[�WR�JHQHUDWH�D�FRPPRQ�RSHUDWLRQ�FORFN�QDPHG�DV�$&'&B&20B&/.��IRU�ERWK�'LJLWDO�$'&�
DQG�'$&��7KH�RSHUDWLRQ�FORFN�RI�'LJLWDO�$'&�DQG�'$&�DUH�IURP�WKH�VDPH�VRXUFH��,Q�WKLV�
VLWXDWLRQ��WKH�'LJLWDO�$XGLR�&RGHF�XVH 
'�$B$'&B&/.��'�$B$'&B6<1&���$�'B$'&B'$7$��'�$B'$&B'$7$B/�DQG�
'�$B'$&B'$7$B5�WR�FRPPXQLFDWH�ZLWK�$QDORJ\�$XGLR�&RGHF��'�$B$'&B&/.�DQG�
'�$B$'&B6<1&�DUH�VKDUHG�E\�'LJLWDO�$'&�DQG�'$&� 
:KHQ�RSHUDWHV�LQ�V\QFKURQRXV�PRGH��VRPH�UHVWULFWLRQV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��7KHUH�
DUH���DSSOLFDWLRQV�DSSOLFDWLRQ�PRGH����DSSOLFDWLRQ�PRGH���DQG�DSSOLFDWLRQ�PRGH����WKDW�
VKRXOG�EH�FRQVLGHUHG�VHSDUDWHO\� 
)RU�DSSOLFDWLRQ�PRGH���DQG�DSSOLFDWLRQ�PRGH����WKHUH�DUH�QR�UHVWULFWLRQV�RQ�
$&'&B&20B&/.��-XVW�FRQILJXUH�WKH�IUHTXHQF\�RI�$&'&B&20B&/.�DFFRUGLQJ�WR�VDPSOH�UDWH�
DQG�PDNH�VXUH�WKDW�WKH�IUHTXHQF\�RI�'�$B$'&B&/.�LV�DW�OHDVW���WLPHV�RI�'�$B$'&B6<1&��
,Q�WKLV�VLWXDWLRQ��WKH�GLYLGHU�$&'&',*B$'&,17B',9�DQG�$&'&',*B'$&,17B',9�PXVW�EH�
HTXDO�WR��[��� 
)RU�DSSOLFDWLRQ�PRGH����WKHUH�DUH�VRPH�GLIIHUHQFHV��)RU�H[DPSOH��VDPSOH�UDWH�RI�GLJLWDO�$'&�
LV���N+]�ZKLOH�VDPSOH�UDWH�RI�'$&�LV����N+]��&RQILJXUH�$&'&B&20B&/.�WR�WKH�KLJKHU�
IUHTXHQF\�VXFK�DV�������0+]��7KH�GLYLGHU�$&'&',*B$'&,17B',9�PXVW�EH�VHW�WR��[���
ZKLOH�$&'&',*B'$&,17B',9�PXVW�EH�VHW�WR��[�E��2Q�WKH�FRQWUDU\��LI�VDPSOH�UDWH�RI�GLJLWDO�
$'&�LV����N+]�ZKLOH�VDPSOH�UDWH�RI�'$&�LV���N+]��&RQILJXUH�$&'&B&20B&/.�WR�WKH�KLJKHU�
IUHTXHQF\�VXFK�DV�������0+]��7KH�GLYLGHU�$&'&',*B$'&,17B',9�PXVW�EH�VHW�WR��¶K�E�
ZKLOH�$&'&',*B'$&,17B',9�PXVW�EH�VHW�WR��[��� 

23.5.3 6RIWZDUH�$SSOLFDWLRQ�1RWHV 
6WHSV�WR�FRQILJXUH�'LJLWDO�$'&�DQG�'$&�WR�VWDUW�WUDQVIHU�DW�WKH�VDPH�WLPH�DUH�DV�IROORZV� 
���3URJUDP�&58�LQ�WKH�62&�V\VWHP�WR�DFKLHYH�WKH�IUHTXHQF\�RI�$&'&B$'&B&/.�DQG�
$&'&B'$&B&/.� 
���3URJUDP�$&'&',*B6<6&75/��WR�VHW�V\QFBPRGH�DQG�FONBFRPBVHO� 
���3URJUDP�$&'&',*B$'&,17B',9�WR��[���RU��[�E�DFFRUGLQJ�WR�DSSOLFDWLRQ�PRGHV� 
���3URJUDP�$&'&',*B$'&&/.&75/�WR��[�H��,W�LV�SUHIHUUHG�WR�VHW�FLFBGVBUDWLR �¶E���WR�
PDNH�'LJLWDO�$XGLR�&RGHF�ZRUN�LQ�QRUPDO�PRGH� 
���3URJUDP�$&'&',*B$'&6&/.7;,17B',9� 
���3URJUDP�$&'&',*B,�6B&.5��DQG�$&'&',*B,�6B&.5��WR�VHW�,�6�7;�UHODWHG�UHJLVWHUV� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  768 

���3URJUDP�$&'&',*B'$&,17B',9�WR��[���RU��[�E�DFFRUGLQJ�WR�DSSOLFDWLRQ�PRGHV� 
���3URJUDP�$&'&',*B'$&&/.&75/�WR��[�F� 
���3URJUDP�$&'&',*B'$&6&/.5;,17B',9� 
����3URJUDP�$&'&',*B,�6B&.5��WR�VHW�,�6�5;�UHODWHG�UHJLVWHUV� 
����3URJUDP�$&'&',*B6<6&75/���FONBFRPBVHO�WR�VHOHFW�$&'&B&20B&/.�VRXUFH�LI�ZRUNV�LQ�
V\QFKURQRXV�PRGH��3URJUDP�$&'&',*B6<6&75/��V\QFBVHO�WR�VHOHFW�'�$B$'&B6<1&�
VRXUFH��'RQ¶W�HQDEOH�JOEFNH�DW�WKLV�WLPH� 
����3URJUDP�,�&�UHODWHG�UHJLVWHUV�WR�VHW�SURSHUO\�GHYLFH�DGGUHVV��WLPHRXW�YDOXH�DQG�VR�RQ��
7KHQ�SURJUDP�$&'&',*B,�&B&21��WR�HQDEOH�,�&�DW�ODVW� 
����3URJUDP�$&'&',*B,�6B&/5�WR�FOHDU�,�6�7;�DQG�5;�ORJLF� 
����3URJUDP�$&'&',*B,�6B7;&5���$&'&',*B,�6B7;&5���$&'&',*B,�6B5;&5��DQG�
$&'&',*B,�6B5;&5�� 
����3URJUDP�,�6�FRQWUROOHU�WKDW�LV�FRQQHFWHG�WR�'LJLWDO�$XGLR�&RGHF��'RQ¶W�VWDUW�,�6�7;�DQG�
5;�DW�WKLV�WLPH� 
����3URJUDP�GLJLWDO�$'&�UHODWHG�UHJLVWHUV�VXFK�DV�$&'&',*B$'&+3)(1��
$&'&',*B$'&98&7/��$&'&',*B$'&&)*��WR�DFKLHYH�EDVLF�FRQILJXUDWLRQ� 
����3URJUDP�'$&�UHODWHG�UHJLVWHUV�VXFK�DV�$&'&',*B'$&+3)��$&'&',*B'$&98&7/�DQG�
$&'&',*B'$&&)*��WR�DFKLHYH�EDVLF�FRQILJXUDWLRQ� 
����3URJUDP�$&'&',*B,�6B;)(5�WR�VWDUW�,�6�7;�DQG�5;� 
����3URJUDP�,�6�FRQWUROOHU�RXWVLGH�'LJLWDO�$XGLR�&RGHF�WR�VWDUW�,�6�7;�DQG�5;� 
����3URJUDP�$&'&',*B6<6&75/��JOEFNH�WR��¶E��WR�HQDEOH�RXWSXW�RI�'�$B$'&B6<1&�LI�
ZRUNV�LQ�V\QFKURQRXV�PRGH��6NLS�WKLV�VWHS�LI�$&'&',*B6<6&75/��V\QFBPRGH�LV��¶E�� 
����3URJUDP�$&'&',*B$'&',*(1�DQG�$&'&',*B'$&',*(1�WR�HQDEOH�GLJLWDO�$'&�FKDQQHOV�
DQG�'$&�FKDQQHOV��)URP�QRZ�RQ��WKH�'LJLWDO�$XGLR�&RGHF�EHJLQV�WR�ZRUN� 
6WHSV�WR�FRQILJXUH�'LJLWDO�$XGLR�&RGHF�WR�HQG�WUDQVIHU�DUH�DV�IROORZV� 
���3URJUDP�$&'&',*B$'&',*(1�DQG�$&'&',*B'$&',*(1�WR�GLVDEOH�GLJLWDO�$'&�FKDQQHOV�
DQG�'$&�FKDQQHOV� 
���3URJUDP�$&'&',*B$'&&/.&75/�DGFBV\QFBHQD�DQG��¶E��DQG�
$&'&',*B'$&&/.&75/�GDFBV\QFBHQD�WR��¶E��WR�GLVDEOH�WKH�'�$B$'&B6<1&�DQG�
'�$B$'&B6<1&�UHVSHFWLYHO\��:DLW�$&'&',*B$'&&/.&75/�DGFBV\QFBVWDWXV�DQG�
$&'&',*B'$&&/.&75/�GDFBV\QFBVWDWXV�XQWLO�ERWK�RI�WKHP�UHDG�EDFN�WR�EH��¶E�� 
���3URJUDP�$&'&',*B6<6&75/��JOEFNH�WR��¶E��LI�ZRUNV�LQ�V\QFKURQRXV�PRGH� 
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Chapter 24 Voice Activity Detect (VAD) 
24  

24.1 Overview 
9RLFH�$FWLYLW\�'HWHFW��9$'��LV�XVHG�WR�GHWHFW�WKH�DPSOLWXGH�RI�YRLFH�ZKLFK�LV�UHFHLYHG�E\�
$QDORJ�0LF��,�6�'LJLWDO�0LF�RU�3'0�GLJLWDO�0LF�ZKHQ�6R&�LV�LQ�ORZ�SRZHU�PRGH��,I�WKH�
DPSOLWXGH�RI�YRLFH�LV�RYHU�WKUHVKROG��WKH�9$'�ZLOO�DVVHUW�LQWHUUXSW�WR�ZDNH�XS�6R&��WKHQ�6R&�
ZLOO�H[LW�ORZ�SRZHU�PRGH� 
9$'�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�$+%�EXV�LQWHUIDFH 
z 6XSSRUW�UHDG�YRLFH�GDWD�IURP�,�6���,�6��3'0 

� 6XSSRUW�WR�FRQILJXUH�WKH�YRLFH�VRXUFH�DGGUHVV 
� 6XSSRUW�WR�FRQILJXUH�LQFUHPHQW�RU�IL[HG�IRU�WKH�GLUHFWLRQ�RI�YRLFH�GDWD�DGGUHVV 
� 6XSSRUW�'0$�UHTXHVW�DQG�DFNQRZOHGJH 
� 6XSSRUW�WUDQVIHU��a��EXUVW�SHU�'0$�UHTXHVW 
� 6XSSRUW�UHDG��a��0LF�YRLFH�GDWD��DQG�RQO\�VXSSRUW�VLQJOH�0LF�YRLFH�GHWHFWLRQ��XVHU�

FDQ�VHOHFW�DQ\�0LF�YRLFH�GDWD�WR�GHWHFW�WKH�DPSOLWXGH�RI�YRLFH 
� 6XSSRUW�������ELWV�YRLFH�GDWD 

z 6XSSRUW�YRLFH�DPSOLWXGH�GHWHFWLRQ 
� 6XSSRUW�DQ�$PSOLILHU�IRU�WKH�YRLFH�GDWD 
� 6XSSRUW�D�,,5�KLJK�SDVV�ILOWHU�IRU�WKH�YRLFH�IUHTXHQF\�EDQG��DQG�WKH�ILOWHU�FRHIILFLHQW�

FDQ�EH�FRQILJXUHG 
� 6XSSRUW�D�YRLFH�GHWHFW�WKUHVKROG�WKDW�WDNH�WKH�DPELHQW�QRLVH�WR�DFFRXQW 

z 6XSSRUW�0XOWL�0LF�DUUD\�GDWD�VWRULQJ 
� %XIIHU�PHPRU\�LV�VKDUHG�ZLWK�,QWHUQDO�65$0 
� 7KH�VWDUW�DQG�HQG�DGGUHVV�RI�VWRULQJ�FDQ�EH�FRQILJXUHG 
� :KHQ�FXUUHQW�VWRULQJ�DGGUHVV�LV�XS�WR�HQG�DGGUHVV��LW�ZLOO�ORRS�WR�VWDUW�DGGUHVV�DQG�

RYHUODS�SUHYLRXV�GDWD��LW�ZLOO�DOVR�DVVHUW�D�IODJ� �  
� 6XSSRUW���GDWD�VWRULQJ�PRGH��PRGH���VWDUW�VWRULQJ�GDWD�DIWHU�WKH�YRLFH�GHWHFW�HYHQW��

PRGH���VWDUW�VWRULQJ�DIWHU�9$'�LV�HQDEOHG�DQG�PRGH���GR�QRW�VWRULQJ�GDWD 
� 6XSSRUW�VWRULQJ�GDWD�WKURXJK�EXV�RU�UDP�ZULWH�LQWHUIDFH 

z 6XSSRUW�D�OHYHO�FRPELQHG�LQWHUUXSW 
� 6XSSRUW�YRLFH�GHWHFW�LQWHUUXSW 
� 6XSSRUW�WLPH�RXW�LQWHUUXSW 
� 6XSSRUW�WUDQVIHU�HUURU�LQWHUUXSW 
� 6XSSRUW�GDWD�WUDQVIHU�LQWHUUXSW 

24.2 Block Diagram 
9$'�FRPSULVHV�ZLWK� 
z DKEBPDVWHU��$+%�0DVWHU�,QWHUIDFH�  
z DKEBVUDPBLI��$+%�6ODYH�,QWHUIDFH 
z YDGBUHJBEDQN���5HJLVWHU�EDQN 
z GPDFBHQJLQH��'0$�FRQWURO�HQJLQH 
z YDGBGHW���9RLFH�GHWHFWLRQ 
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VAD

ahb_sram_if

ahb_master

vad_reg_bank

dmac_engine

I2S/PDM

Interrupt

dma_req/ack

vad_det
Internal 
SRAM

 
Fig. 24-1 VAD Block Diagram 

24.3 Function Description 
24.3.1 '0$&B(1*,1( 
GPDFBHQJLQH�LV�XVHG�WR�UHDG�YRLFH�GDWD�IURP�RQH�RI�,�6B�&+B��RU�3'0��DQG�LW�FDQ�VWRUH�DOO�
FKDQQHOV�GDWD�WR�,QWHUQDO�65$0��,I�WKH�EXV�FDQ�EH�DFFHVV��XVHU�FDQ�FRQILJXUH�WR�VWRUH�
WKURXJK�EXV��2WKHUZLVH�XVHU�VKRXOG�FRQILJXUH�WR�VWRUH�WKURXJK�UDP�ZULWH�LQWHUIDFH��:KHQ�
9$'�LV�ZRUNLQJ��XVHU�FDQ�FKDQJH�WKH�GDWD�VWRULQJ�PRGH�G\QDPLFDOO\��7KH�VWRULQJ�DGGUHVV�
FDQ�EH�FRQWLQXRXV�WUDQVLWLRQ�RU�EH�VSLWWHG� 
7KH�YRLFH�GDWD�FDQ�EH����RU����ELWV� 
z :KHQ�LW¶V����ELWV��LW�PXVW�EH�KDOI�ZRUG�WUDQVIHU�PRGH�WKDW�ORZ����ELWV�LQ�D�ZRUG�IRU�OHIW�

FKDQQHO�DQG�KLJK����ELWV�LQ�D�ZRUG�IRU�ULJKW�FKDQQHO��  
z :KHQ�LW¶V���ELWV��LW�PXVW�EH�ZRUG�WUDQVIHU�PRGH�WKDW�RQO\����ELWV�GDWD�LV�YDOLG�LQ�D�ZRUG��

DQG�LW�VXSSRUW�OHIW�RU�ULJKW�MXVWLILHG� 
GPDFBHQJLQH�DOVR�VHOHFW�DQG�VHQG�RQH�FKDQQHO�GDWD�WR�YDGBGHW�IRU�YRLFH�GHWHFWLRQ��YDGBGHW�
RQO\�VXSSRUW����ELWV�GDWD�WR�GHWHFW�WKH�DPSOLWXGH�RI�YRLFH��VR�ZKHQ�WKH�YRLFH�GDWD�LV����ELWV��
XVHU�FDQ�XVH�WKH�KLJK�RU�ORZ����ELWV�LQ����ELWV��  
z :KHQ�XVH�KLJK�ELWV��WKH�GDWD�YDOXH�ZLOO�EH�GLYLGHG�E\����� 
z :KHQ�XVH�ORZ�ELWV��WKH�GDWD�YDOXH�ZLOO�EH�VDWXUDWLRQ�WR����ELWV� 
24.3.2 �9$'B'(7 
YDGBGHW�LV�XVHG�WR�GHWHFW�WKH�DPSOLWXGH�RI�YRLFH� 

vad_det

Amplifier IIR HPF int_triggervoice_data

Noise 
Calculate +

sound_thd

+

-
INT_GEN

X

noise_level

 
Fig. 24-2 vad_det Block Diagram 

$PSOLILHU 
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YRLFHBDPSOLWXGHBDPSOLILHG JDLQYRLFHBDPSOLWXGHBRULJLQDO��� 
,,5�+3) 
7KHUH�LV�D�KLJK�SDVV�ILOWHU�IRU�WKH�KXPDQ�YRLFH�IUHTXHQF\�EDQG��WKH�ILOWHU�LV�D�WZR�RUGHU�GLUHFW�
,�W\SH�,,5��7KH�IROORZLQJ�IRUPXOD�GHVFULEHV� 
\�Q� �D�\�Q����D�\�Q����E�[�Q��E�[�Q����E�[�Q��� 
7KH�FRHIILFLHQW�D���D���E���E��DQG�E��DUH�DOO�TXDQWLILHG�E\�PXOWLSO\LQJ�������DQG�
UHSUHVHQWHG�DV����ELWV��WKH�UHVXOW�LV�IROORZ�UHJLVWHUV�WKDW�FDQ�EH�FRQILJXUHG��LLUBDQXPB���
LLUBDQXPB���LLUBDQXPB���LLUBDGHQB��DQG�LLUBDGHQB�� 
7KH�RXWSXW�RI�+3)�QHHG�VRPH�WLPH�WR�DFKLHYH�FRQYHUJHQFH�DIWHU�9$'�LV�HQDEOHG� 
1RLVH�&DOFXODWH 
9$'�VXSSRUW�D�YRLFH�GHWHFWLRQ�WKUHVKROG�WKDW�WDNH�WKH�DPELHQW�QRLVH�WR�DFFRXQW� 
z 9$'�FDOFXODWH�WKH�DYHUDJH�DPSOLWXGH�RI�YRLFH�GDWD�ZLWKLQ�QRLVHBVDPSOHBQXP�VDPSOHV��

WKH�UHVXOW�LV�UHJDUG�DV�WKH�QRLVH�YDOXH�RI�RQH�IUDPH��7KH�QRLVH�YDOXH�RI�ODVW�����IUDPHV�
DOVR�FDQ�EH�FRQILJXUHG�GLUHFWO\� 

z 9$'�ILQG�WKH�PLQLPXP�QRLVH�YDOXH�ZLWKLQ�QRLVHBIUPBQXP�IUDPHV��WKH�UHVXOW�LV�UHJDUG�DV�
WKH�QRLVHBPLQ�PLQLPXP�QRLVH�YDOXH��8VHU�FDQ�FRQILJXUH�PLQBQRLVHBILQGBPRGH�WR�
FKDQJH�WKH�PRGH�WR�ILQG�WKH�PLQLPXP�QRLVH� 

z 7KH�QRLVHBPLQ�ZLOO�EH�VPRRWK�XSGDWHG�WR�QRLVHBDEV�FXUUHQW�QRLVH�YDOXH���WKH�IRUPXOD�LV�
DV�IROORZ��QRLVHBDEV ��QRLVHBDEV��QRLVHBDOSKD���QRLVHBPLQ�������QRLVHBDOSKD�������
QRLVHBDEV�ZLOO�EH�XSGDWHG�RQFH�HYHU\�IUDPH��QRLVHBDEV�DOVR�FDQ�EH�FRQILJXUHG�GLUHFWO\��
DQG�LW�LV�QRW�FOHDU�XQWLO�9$'�LV�UHVHW� 

9RLFH�'HWHFW�7KUHVKROG 
7KH�ILQDO�WKUHVKROG�LV�VRXQGBWKG���QRLVHBDEV��QRLVHBOHYHO� 
,17B*(1 
9$'�VXSSRUW���PRGHV�WR�DVVHUW�WKH�YRLFH�GHWHFWLRQ�LQWHUUXSW� 
z 1RUPDO�PRGH��:KHQ�HTXDO�RU�PRUH�WKDQ�D�QXPEHU��YDGBFRQBWKG��RI�FRQWLQXRXV�VDPSOHV�

RYHU�WKH�WKUHVKROG��WKH�YRLFH�GHWHFWLRQ�LQWHUUXSW�ZLOO�EH�DVVHUWHG��7KH�YDGBFRQBWKG�FDQ�
EH�FRQILJXUHG�E\�UHJLVWHU� 

z $OORZ�DQ�H[FHSWLRQ�PRGH��EDVH�RQ�QRUPDO�PRGH��LW�FDQ�EH�FRQILJXUHG�WR�DOORZ�
H[FHSWLRQV�GXULQJ�FRQWLQXRXV�VDPSOH�MXGJPHQW��7KH�H[FHSWLRQ�QXPEHU�FDQ�EH�
FRQILJXUHG�E\�UHJLVWHU�� �:KHQ�WKH�H[FHSWLRQV�LV�PRUH��WKH�YRLFH�GHWHFW�FRQGLWLRQ�LV�OHVV�
VWULFW� 

z $FFXPXODWLQJ�PRGH��$�FRXQWHU�LV�XVHG�IRU�DFFXPXODWLQJ��WKH�FRXQWHU�ZLOO�SOXV���ZKHQ�
FXUUHQW�VDPSOH�LV�RYHU�WKUHVKROG��LW�ZLOO�QRW�SOXV�ZKHQ�LW�UHDFK�PD[LPXP�YDOXH�������WKH�
FRXQWHU�ZLOO�PLQXV���ZKHQ�FXUUHQW�VDPSOH�LV�QRW�RYHU�WKUHVKROG��LW�ZLOO�QRW�PLQXV�ZKHQ�LW�
UHDFK�����:KHQ�WKH�FRXQWHU�LV�HTXDO�RU�PRUH�WKDQ�D�QXPEHU��YDGBFRQBWKG���WKH�YRLFH�
GHWHFWLRQ�LQWHUUXSW�ZLOO�EH�DVVHUWHG��&RPSDUH�ZLWK�QRUPDO�PRGH��WKH�YRLFH�GHWHFW�
FRQGLWLRQ�LV�OHVV�VWULFW�ZKHQ�XVH�WKH�VDPH�YDOXH�RI�YDGBFRQBWKG� 
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24.4 Register Description 
24.4.1 5HJLVWHUV�6XPPDU\ 

Name  Offset  Size  
Reset 
Value  

Description  

VAD_CONTROL  0x0000  W  0x03000000  Control register  
VAD_VS_ADDR  0x0004  W  0x00000000  Voice source address register  
VAD_TIMEOUT  0x004c  W  0x00000000  Timeout register  
VAD_RAM_START_ADDR  0x0050  W  0x00000000  RAM start address register  
VAD_RAM_END_ADDR  0x0054  W  0x00000000  RAM end address register  
VAD_RAM_CUR_ADDR  0x0058  W  0x00000000  RAM current address register  
VAD_DET_CON0  0x005c  W  0x01024008  Detect control register0  
VAD_DET_CON1  0x0060  W  0x04ff0064  Detect control register1  
VAD_DET_CON2  0x0064  W  0x3bf5e663  Detect control register2  
VAD_DET_CON3  0x0068  W  0x3bf58817  Detect control register3  
VAD_DET_CON4  0x006c  W  0x382b8858  Detect control register4  
VAD_DET_CON5  0x0070  W  0x00000000  Detect control register5  
VAD_INT  0x0074  W  0x00000000  VAD Interrupt register  
VAD_AUX_CON0  0x0078  W  0x00000000  Auxiliary control register0  
VAD_SAMPLE_CNT  0x007c  W  0x00000000  Sample counter register  
VAD_RAM_START_ADDR_
BUS  

0x0080  W  0x00000000  
RAM start address register for bus 
write mode  

VAD_RAM_END_ADDR_B
US  

0x0084  W  0x00000000  
RAM end address register for bus 
write mode  

VAD_RAM_CUR_ADDR_BU
S  

0x0088  W  0x00000000  
RAM current address register for 
bus write mode  

VAD_AUX_CON1  0x008c  W  0x00000000  Auxiliary control register1  
VAD_NOISE_FIRST_DATA  0x0100  W  0x00000000  Noise first data register  
VAD_NOISE_LAST_DATA  0x02fc  W  0x00000000  Noise last data register  
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV 
24.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 
9$'B&21752/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:29   RW   0x0  
vad_det_channel 
Index of the channal for voice detect, from channel 0 to channel 
7 

28   RW   0x0  

voice_24bit_sat 
The mode of voice 24bit data change to 16bit  
1'b0: Get the high 16bit data(divided by 256)  
1'b1: Saturation from 24bit to 16bit 

27   RW   0x0  

voice_24bit_align_mode 
Align mode of channel 24bit width  
1'b0: 8~31bits is valid  
1'b1: 0~23bits is valid 
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Bit  Attr  Reset Value  Description  

26   RW   0x0  
voice_channel_bitwidth 
1'b0: 16bits  
1'b1: 24bits 

25:23   RW   0x6  
voice_channel_num 
Voice channel number, the value N means N+1 channel 

22   RO   0x0  reserved 

21:20   RW   0x0  

vad_mode 
2'h0: Begin to store the data after voice detect  
2'h1: Begin to store the data after VAD is enable  
2'h2: Don't store the data  
2'h3: Reserved 

19:15   RO   0x0  reserved 

14   RW   0x0  

source_fixaddr_en 
Direction of source address  
1'b0: Increment  
1'b1: Fixed 

13:10   RW   0x0  
incr_length 
INCR burst length, 0~15 is valid. 
It is valid when source_burst is set to 3'h1. 

9:7   RW   0x0  
source_burst_num 
Source burst number per dma_req, the value N means N+1 burst 

6:4   RW   0x0  

source_burst 
3'h0: SINGLE  
3'h1: INCR  
3'h3: INCR4  
3'h5: INCR8  
3'h7: INCR16  
Others: Reserved 

3:1   RW   0x0  

source_select 
Voice source select  
3'h0: I2S0  
3'h1: I2S1  
3'h2: PDM  
Others: Reserved 

0   RW   0x0  

vad_en 
VAD enable  
1'b0: Disable 
1'b1: Enable 

 
 
9$'B96B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
vs_addr 
Voice source address 
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9$'B7,0(287�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  

31   RW   0x0  

work_timeout_en 
Work timeout enable 
1'b0: Disable 
1'b1: Enable 

30   RW   0x0  

idle_timeout_en 
Idle timeout enable 
1'b0: Disable 
1'b1: Enable 

29:20   RW   0x000  
work_timeout_thd 
work timeout threshold, the unit is one cycle of hclk 

19:0   RW   0x00000  
idle_timeout_thd 
Idle timeout threshold, the unit is one cycle of hclk 

 
 
9$'B5$0B67$57B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
ram_start_addr 
RAM start address to store voice data, the address must be 
double word alignment 

 
 
9$'B5$0B(1'B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  
ram_end_addr 
RAM end address to store voice data, the address must be double 
word alignment 

 
 
9$'B5$0B&85B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

ram_cur_addr 
RAM current address to store voice data, The last valid double 
word data is at address ram_cur_addr-0x8.  
When the ram_loop_flag is valid, the valid voice data will be 
ram_cur_addr ~ ram_end_addr ~ loop to ram_begin_addr ~ 
ram_cur_addr-0x8.  
When the ramp_loop_flag is not valid, the valid voice data will be 
ram_begin_addr ~ ram_cur_addr-0x8 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  
31:30   RO   0x0  reserved 

29:28   RW   0x0  

vad_thd_mode 
Threshold mode for vad_con_thd 
2'b00: Normal mode   
2'b01: Allow an exception mode  
2'b10: Accumulating mode 
2'b11: reserved 

27:24   RW   0x1  

dis_vad_con_thd 
In the determining of continuous sample number exceed 
threshold, allow some number of sample as an exception. It's 
valid only when vad_thd_mode=1.  
When this value is lower, the voice detect condition is more strict 

23:16   RW   0x02  

vad_con_thd 
When continuous sample number(>=vad_con_thd) exceed 
threshold, then assert the vad_det interrupt, the value N means 
N+1.  
When this value is higher, the voice detect condition is more 
strict 

15   RO   0x0  reserved 

14:12   RW   0x4  
noise_level 
Noise level, valid value is 0x1~0x6  
when this value is higher, the voice detect condition is more strict 

11:0   RW   0x008  

gain 
The gain control of voice data amplifier, the value of gain is 
unsigned and is valid from 0 to 4095.   
voice_amplitude_amplified=gain*voice_amplitude_original/8. 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31   RO   0x0  reserved 

30   RW   0x0  

min_noise_find_mode 
Minimal noise value find mode  
1'b0: Always find the value at the range of noise_frm_num   
1'b1: When receive N frame: if N is less than noise_frm_num, 
find the value at the range of N; if N is more than 
noise_frm_num, find the value at the range of noise_frm_num 

29   RW   0x0  

clean_noise_at_begin 
1'b0: The noise will be clean only at the begin of the first time 
VAD is enable after reset      
1'b1: The noise will be clean every time at the begin of VAD is 
enable 
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Bit  Attr  Reset Value  Description  

28   RW   0x0  

force_noise_clk_en 
Force noise calculate clk enable  
1'b0: The clock will be auto gating for low power   
1'b1: The clock will be always enable 

27   RO   0x0  reserved 

26   RW   0x1  

clean_iir_en 
Clean IIR filter when VAD is disable 
1'b0: Not clean   
1'b1: Clean 

25:16   RW   0x0ff  

noise_sample_num 
The number of sample in one frame to calculate the noise, the 
value N means N+1 sample. 
When this value is higher, the voice detect condition is more 
strict 

15:0   RW   0x0064  
sound_thd 
Initial sound threshold  
when this value is higher, the voice detect condition is more strict 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RW   0x3bf5  
iir_anum_0 
IIR numerator coefficient b0 

15:8   RW   0xe6  
noise_alpha 
The update smooth speed of noise  
When this value is lower, the voice detect condition is more strict 

7   RO   0x0  reserved 

6:0   RW   0x63  

noise_frm_num 
The number of frame to calculate the noise, the value N means 
N+1 frame. 
When this value is lower, the voice detect condition is more strict 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RW   0x3bf5  
iir_anum_2 
IIR numerator coefficient b2 

15:0   RW   0x8817  
iir_anum_1 
IIR numerator coefficient b1 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:16   RW   0x382b  
iir_aden_2 
IIR demoninator coefficient a2 

15:0   RW   0x8858  
iir_aden_1 
IIR demoninator coefficient a1 

 
 
9$'B'(7B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:16   RO   0x0000  
iir_result 
Voice real time data after IIR filter 

15:0   RW   0x0000  
noise_abs 
Noise abs value 

 
 
9$'B,17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:13   RO   0x0  reserved 

12   RO   0x0  

ramp_loop_flag_bus 
RAM adress loop flag for AHB bus interface write mode. Only valid 
when bus_write_addr_mode=1'b1. 
1'b0: not loop 
1'b1: loop 

11   
W1
C   

0x0  

vad_data_trans_int 
VAD data transfer interrupt 
1'b0: interrupt not generated 
1'b1: interrupt generated 

10   RW   0x0  

vad_data_trans_int_en 
VAD data transfer interrupt enable  
1'b0: Disable 
1'b1: Enable 

9   RW   0x0  

vad_idle 
VAD idle flag 
1'b0: Not idle 
1'b1: Idle 

8   RO   0x0  

ramp_loop_flag 
RAM address loop flag 
1'b0: not loop 
1'b1: loop 

7   
W1
C   

0x0  

work_timeout_int 
Work timeout interrupt 
1'b0: interrupt not generated 
1'b1: interrupt generated 
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Bit  Attr  Reset Value  Description  

6   
W1
C   

0x0  

idle_timeout_int 
Idle timeout interrupt 
1'b0: interrupt not generated 
1'b1: interrupt generated 

5   RW   0x0  

error_int 
Error interrupt 
1'b0: interrupt not generated 
1'b1: interrupt generated 

4   
W1
C   

0x0  

vad_det_int 
VAD detect interrupt 
1'b0: interrupt not generated 
1'b1: interrupt generated 

3   RW   0x0  

work_timeout_int_en 
Wrok timeout interrupt enable  
1'b0: Disable 
1'b1: Enable 

2   RW   0x0  

idle_timeout_int_en 
Idle timeout interrupt enable  
1'b0: Disable 
1'b1: Enable 

1   RW   0x0  

error_int_en 
Error interrupt enable  
1'b0: Disable 
1'b1: Enable 

0   RW   0x0  

vad_det_int_en 
VAD detect interrupt enable  
1'b0: Disable 
1'b1: Enable 

 
 
9$'B$8;B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:30   RO   0x0  reserved 

29   RW   0x0  

sample_cnt_en 
Sample counter enable 
1'b0: Disable 
1'b1: Enable 

28   RW   0x0  

int_trig_ctrl_en 
The VAD detection interrupt trigger control enable.  
1'b0: Disable, the VAD detection interrupt is always trigger   
1'b1: Enable, the VAD detection interrupt trigger is controlled by 
int_trig_valid_thd 
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Bit  Attr  Reset Value  Description  

27:16   RW   0x000  

int_trig_valid_thd 
VAD detection interrupt trigger valid threshold. The VAD 
detection interrupt will be triggered valid after sample_cnt exceed 
int_trig_valid_thd.  
The value N means N+1,The unit is one voice sample point. 

15   RO   0x0  reserved 

14   RW   0x0  

ram_write_rework_addr_mode 
The rework address for RAM interface write mode. 
1'b0: Store the data from the current address 
1'b1: Store the data from the start address 

13   RW   0x0  

bus_write_rework_addr_mode 
The rework address for bus write mode. 
1'b0: Store the data from the current address 
1'b1: Store the data from the start address 

12   RW   0x0  

bus_write_addr_mode 
The address selection when use AHB bus interface write mode. 
1'b0: Use RAM_START_ADDR, RAM_END_ADDR, 
RAM_CUR_ADDR(same with RAM interface write mode). The 
internal address will continuous when dynamic change between 
bus write mode and RAM interface write mode.   
1'b1: Use RAM_START_ADDR_BUS, RAM_END_ADDR_BUS and 
RAM_CUR_ADDR_BUS. 

11:4   RW   0x00  

data_trans_kbyte_thd 
Data transfer number threshold, the unit is KByte. The value N 
means N+1 KByte. The interrupt is generated per 
data_trans_kbyte_thd+1 KBytes. 

3   RO   0x0  reserved 

2   RW   0x0  

data_trans_trig_int_en 
Trigger an interrupt for data transfer, It's valid only when 
bus_write_en=1'b1. 
1'b0: Disable 
1'b1: Enable 

1   RW   0x0  

dis_ram_itf 
Disable write voice data to Internal SRAM through RAM interface 
1'b0: Enable ram interface 
1'b1: Disable ram interface 

0   RW   0x0  

bus_write_en 
Enable write voice data to Internal SRAM through AHB bus 
interface 
1'b0: Disable 
1'b1: Enable 

 
 
9$'B6$03/(B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  
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Bit  Attr  Reset Value  Description  

31:0   RO   0x00000000  
sample_cnt 
sample counter 

 
 
9$'B5$0B67$57B$''5B%86�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

ram_start_addr_bus 
RAM start address to store voice data, the address must be 
double word alignment. Only used for bus write mode and when 
bus_write_addr_mode=1'b1. 

 
 
9$'B5$0B(1'B$''5B%86�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

ram_begin_addr_bus 
RAM start address to store voice data, the address must be 
double word alignment. Only used for bus write mode and when 
bus_write_addr_mode=1'b1. 

 
 
9$'B5$0B&85B$''5B%86�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  

31:0   RW   0x00000000  

ram_cur_addr_bus 
RAM current address to store voice data. Only used for bus write 
mode and when bus_write_addr_mode=1'b1. The last valid 
double word data is at address ram_cur_addr_bus-0x8.  
When the ram_loop_flag_bus is valid, the valid voice data will be 
ram_cur_addr_bus ~ ram_end_addr_bus ~ loop to 
ram_begin_addr_bus ~ ram_cur_addr_bus-0x8.  
When the ramp_loop_flag is not valid, the valid voice data will be 
ram_begin_addr_bus ~ ram_cur_addr_bus-0x8 

 
 
9$'B$8;B&21��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���F��  

Bit  Attr  Reset Value  Description  
31:17   RO   0x0  reserved 

16   RW   0x0  

data_trans_int_mode_sel 
Data transfer number threshold selection for interrupt trigger 
1'b0: data_trans_kbyte_thd 
1'b1: data_trans_word_thd 

15:0   RW   0x0000  

data_trans_word_thd 
Data transfer number threshold, the unit is word. The value N 
means N+1 words. The interrupt is generated per 
trans_word_thd+1 words. 
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9$'B12,6(B),567B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[������  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  reserved 

15:0   RW   0x0000  
noise_first_data 
Noise first data 

 
 
9$'B12,6(B/$67B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��IF��  

Bit  Attr  Reset Value  Description  
31:16   RO   0x0  reserved 

15:0   RW   0x0000  
noise_last_data 
Noise last data 

24.5 Application Notes 
24.5.1 9$'�XVDJH�IORZ 
9$'�XVDJH�IORZ�LV�DV�IROORZLQJ�ILJXUH� 

Step1: SoC at normal mode

Step2: Stop DMA controller

Step3: Change voice data sample 
rate(optional) 

Step6 :SoC enter lower power 
mode Step7: SoC exit lower power mode

Step8: Configure and enable DMA 
controller  

Step4: Disable CPU interrupt

Step5: Configuration and enable 
VAD to use ram write interface 

vad_interrupt

Step9: Disable VAD and poll until 
VAD idle(Optional) 

Step11: Keyword Detection(
backtracking data transfered by 

VAD and data transferred by DMA ) 

No task or interactive

Step12: Recover voice data sample 
rate(optional) 

Step10:Enable CPU interrupt

 
Fig. 24-3 VAD usage flow (only used ram write interface mode) 
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Step1: SoC at normal mode

Step2: Stop DMA controller

Step3: Change voice data sample 
rate(optional) 

Step6 :SoC enter lower power 
mode Step7: SoC exit lower power mode

Step8: Configure VAD to bus write 
mode

Step4: Disable CPU interrupt

Step5: Configure VAD to ram write 
interface mode

vad_interrupt

Step9:Enable CPU interrupt

Step11: Disable VAD and poll until 
VAD idle(Optional) 

No task or interactive 

Step12: Recover voice data sample 
rate(optional) 

Step10: Keyword Detection(
backtracking data transfered by 

VAD) 

keyword find

no keyword find

 
Fig. 24-4 VAD usage flow (use bus mode and ram write interface mode) 

z 6WHS���VWHS���DUH�RSWLRQDO��XVHU�VKRXOG�FRQVLGHU�WKH�SRZHU�FRQVXPSWLRQ�DQG�NH\ZRUG�
GHWHFWLRQ�DFFXUDF\�IRU�WKHVH�VWHSV��  

z 'LVDEOH�9$'�VWHS�LV�RSWLRQDO��XVHU�FDQ�NHHS�9$'�ZRUNLQJ��DQG�XVH�LW�DV�D�'0$�&RQWUROOHU��  
24.5.2 9$'�FRQILJXUDWLRQ�XVDJH�IORZ 
���6HW�9$'B96B$''5�YVBDGGU ,�6B�&+B��EDVH�DGGUHVV���,�6B�&+B,1&5B5;'5��  
���6HW�9$'B5$0B%(*,1B$''5�UDPBEHJLQBDGGU�DQG�9$'B5$0B(1'B$''5�UDPBHQGBDGGU��
WKH�DGGUHVV�VKRXOG�PDWFK�ZLWK�WKH�,QWHUQDO�65$0�VKDULQJ�VFKHPH� 
���6HW�WR�EXV�ZULWH�PRGH�RU�UDP�LQWHUIDFH�PRGH�ZKHQ�HQDEOH�9$' 
6HW�9$'B$8;B&21��EXVBZULWHBHQ ���DQG�9$'B$8;B&21��GLVBUDPBLWI� ��WR�HQDEOH�9$'�
DV�UDP�LQWHUIDFH�ZULWH�PRGH��  
6HW�9$'B$8;B&21��EXVBZULWHBHQ ���DQG�9$'B$8;B&21��GLVBUDPBLWI� ��WR�HQDEOH�9$'�
DV�EXV�ZULWH�PRGH� 
���$GMXVW�WKH�VHQVLWLYLW\�RI�YRLFH�DFWLYLW\�GHWHFW�E\�VHWWLQJ�IROORZ�UHJLVWHUV��  
9$'B'(7B&21��QRLVHBOHYHO�  
9$'B'(7B&21��YDGBFRQBWKG 
9$'B'(7B&21��GLVBYDGBFRQBWKG 
9$'B'(7B&21��YDGBWKGBPRGH 
9$'B'(7B&21��QRLVHBVDPSOHBQXP 
9$'B'(7B&21��VRXQGBWKG 
9$'B'(7B&21��QRLVHBIUPBQXP 
9$'B'(7B&21��QRLVHBDOSKD 
���6HW�WKH�LLUBDQXPB�a��DQG�LLUBDGHQB�a��WR�DGMXVW�WKH�,,5�+3)�FRHIILFLHQW�� �  
)RU���.K]�VDPSOH�UDWH˖ 
LLUBDQXPB����[���G 
LLUBDQXPB����[�ID� 
LLUBDQXPB����[���G 
LLUBDGHQB����[���E 
LLUBDGHQB����[���� 
)RU���.K]�VDPSOH�UDWH˄GHIDXOW˅̟  
LLUBDQXPB����[�EI� 
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LLUBDQXPB����[���� 
LLUBDQXPB����[�EI� 
LLUBDGHQB����[���� 
LLUBDGHQB����[���E 
)RU��.K]�VDPSOH�UDWH˖ 
LLUBDQXPB����[�H�I 
LLUBDQXPB����[��F� 
LLUBDQXPB���[�H�I 
LLUBDGHQB����[��F� 
LLUBDGHQB����[�G�� 
���6HW�'(7B&21��QRLVHBDEV�WR�DPELHQW�QRLVH�ZKLFK�LV�FDOFXODWHG�E\�VRIWZDUH� 
� � �6HW�9$'B12,6(B'$7$�RIIVHW�WR�LQLWLDO�WKH�QRLVH�GDWD�RI�DOO�IUDPHV��7KH�IUDPH�QXPEHU�LV�
9$'B'(7B&21��QRLVHBIUPBQXP��7KH�ILUVW�IUDPH�QRLVH�GDWD�DGGUHVV�LV�9$'B12,6(B'$7$��
WKH�VHFRQG�IUDPH�QRLVH�GDWD�DGGUHVV�LV�9$'B12,6(B'$7$��[���DQG�VR�RQ��  
���6HW�9$'B,17�YDGBGHWBLQWBHQ �[��WR�HQDEOH�WKH�LQWHUUXSW� 
���6HW�9$'B$8;B&21752/�WR�GLVDEOH�GHWHFWLRQ�DW�WKH�EHJLQQLQJ�DIWHU�9$'�LV�HQDEOHG� 
6HW�VDPSOHBFQWBHQ �[� 
6HW�LQWBWULJBFWUOBHQ �[� 
6HW�LQWBWULJBYDOLGBWKG�WR�DSSURSULDWH�YDOXH��LW�UHFRPPHQGHG�FRQILJXUDWLRQ�WR��PV��  
)RU���.K]�VDPSOH�UDWH˖LQWBWULJBYDOLGBWKG ��[F� 
)RU���.K]�VDPSOH�UDWH˖LQWBWULJBYDOLGBWKG ��[�� 
)RU��.K]�VDPSOH�UDWH˖LQWBWULJBYDOLGBWKG ��[�� 
���6HW�9$'B&21752/�UHJLVWHU� 
6HW�VRXUFHBVHOHFW �[���VHOHFW�,�6B�&+B� 
6HW�VRXUFHBEXUVW �[���VHOHFW�,1&5��EXUVW�W\SH 
6HW�VRXUFHBEXUVWBQXP �[���VHOHFW���EXUVW�WUDQVIHU�SHU�'0$�UHTXHVW 
6HW�YDGBPRGH �[���VHOHFW�0RGH�� 
6HW�YRLFHBFKDQQHOBQXP �[���DOO�YRLFH�FKDQQHO�QXPEHU�LV�� 
6HW�YRLFHBFKDQQHOBELWZLGWK �[���YRLFH�GDWD�ZLGWK�LV����ELWV 
6HW�YDGBGHWBFKDQQHO �[���XVH�FKDQQHO���WR�YRLFH�DFWLYLW\�GHWHFW 
6HW�YDGBHQ �[���HQDEOH�9$' 
����$IWHU�DERYH�VHWWLQJ��9$'�ZLOO�VWDUW�WR�ZRUN�DQG�V\VWHP�FDQ�HQWHU�ORZ�SRZHU�PRGH��  
:KHQ�9$'�LV�ZRUNLQJ��XVHU�FDQ�FRQILJXUH�WKH�9$'B$8;B&21��EXVBZULWHBHQ�DQG�
9$'B$8;B&21��UDPBLWIBGLV�WR�FKDQJH�WKH�GDWD�VWRULQJ�PRGH�G\QDPLFDOO\��7KH�VWRULQJ�
DGGUHVV�FDQ�EH�FRQWLQXRXV�WUDQVLWLRQ�RU�EH�VSLWWHG��,W¶V�FRQWUROOHG�E\�IROORZLQJ�ELWV� 
9$'B$8;B&21��EXVBZULWHBDGGUBPRGH 
9$'B$8;B&21���EXVBZULWHBUHZRUNBDGGUBPRGH 
9$'B$8;B&21���UDPBZULWHBUHZRUNBDGGUBPRGH 
24.5.3 'DWD�7UDQVIHU�,QWHUUXSW�XVDJH�IORZ 
:KHQ�9$'�LV�ZRUNLQJ�DW�EXV�ZULWH�PRGH��8VHU�FDQ�JHW�GDWD�WUDQVIHU�LQWHUUXSW�E\�IROORZLQJ�
DGGLWLRQDO�FRQILJXUDWLRQ�� �  
���6HW�9$'B$8;B&21752/�GDWDBWUDQVBWULJBLQWBHQ �[��  
���6HW�9$'B$8;B&21752/�GDWDBWUDQVBNE\WHBWKG�DW�DSSURSULDWH�YDOXH 
���6HW�9$'B,17�YDGBGDWDBWUDQVBLQWBHQ �[� 
24.5.4 7LPHRXW�FRQILJXUDWLRQ�XVDJH�IORZ 
���6HW�9$'B7,0(287�LGOHBWLPHRXWBWKG �[IIIII��VHW�9$'B7,0(287�LGOHBWLPHRXWBHQ �[���VHW�
9$'B,17�LGOHBWLPHRXWBLQW �[���$IWHU�DERYH�VHWWLQJ��D�FRXQWHU�LV�LQFUHDVH�DW�$+%�FORFN�ZKHQ�
GPDFBHQJLQH�LV�LGOH��WKH�FRXQWHU�ZLOO�EH�FOHDU�WR���RQFH�GPDFBHQJLQH�VWDUW�WR�UHDG�YRLFH�
GDWD��$Q�LQWHUUXSW�ZLOO�EH�DVVHUWHG�ZKHQ�WKH�FRXQWHU�XS�WR�LGOHBWLPHRXWBWKG��7KLV�LGOH�
WLPHRXW�LV�XVHG�IRU�,�6�3'0�ZRUN�IDLO�'RQ¶W�DVVHUW�'0$�UHTXHVW�IRU�D�ORQJ�WLPH��� �  
���6HW�9$'B7,0(287�ZRUNBWLPHRXWBWKG �[�II��VHW�9$'B7,0(287�ZRUNBWLPHRXWBHQ �[���
VHW�9$'B,17�ZRUNBWLPHRXWBLQW �[���$IWHU�DERYH�VHWWLQJ��D�FRXQWHU�LV�LQFUHDVH�DW�$+%�FORFN�
ZKHQ�GPDFBHQJLQH�LV�EXV\��WKH�FRXQWHU�ZLOO�EH�FOHDU�WR���RQFH�GPDFBHQJLQH�LV�LGOH��$Q�
LQWHUUXSW�ZLOO�EH�DVVHUWHG�ZKHQ�WKH�FRXQWHU�XS�WR�ZRUNBWLPHRXWBWKG��7KLV�ZRUN�WLPHRXW�LV�
XVHG�IRU�EXV�WUDQVPLVVLRQ�FRQJHVWLRQ��D�EXUVW�WUDQVIHUULQJ�LV�QRW�FRPSOHWHG�IRU�D�ORQJ�WLPH�� 
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Chapter 25 UART 

25.1 Overview 
7KH�8QLYHUVDO�$V\QFKURQRXV�5HFHLYHU�7UDQVPLWWHU��8$57��LV�XVHG�IRU�VHULDO�FRPPXQLFDWLRQ�
ZLWK�D�SHULSKHUDO��PRGHP��GDWD�FDUULHU�HTXLSPHQW��'&(��RU�GDWD�VHW��'DWD�LV�ZULWWHQ�IURP�D�
PDVWHU��&38��RYHU�WKH�$3%�EXV�WR�WKH�8$57�DQG�LW�LV�FRQYHUWHG�WR�VHULDO�IRUP�DQG�
WUDQVPLWWHG�WR�WKH�GHVWLQDWLRQ�GHYLFH��6HULDO�GDWD�LV�DOVR�UHFHLYHG�E\�WKH�8$57�DQG�VWRUHG�IRU�
WKH�PDVWHU��&38��WR�UHDG�EDFN� 
8$57�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW���LQGHSHQGHQW�8$57�FRQWUROOHU��8$57��8$57� 
z $OO�FRQWDLQ�WZR���%\WHV�),)2V�IRU�GDWD�UHFHLYH�DQG�WUDQVPLW 
z $OO�VXSSRUW�DXWR�IORZ�FRQWURO�H[FHSW�  
z 6XSSRUW�ELW�UDWHV������.ESV�������.ESV�������.ESV�����0ESV���0ESV���0ESV 
z 6XSSRUW�SURJUDPPDEOH�EDXG�UDWHV��HYHQ�ZLWK�QRQ�LQWHJHU�FORFN�GLYLGHU 
z 6WDQGDUG�DV\QFKURQRXV�FRPPXQLFDWLRQ�ELWV��VWDUW��VWRS�DQG�SDULW\� 
z 6XSSRUW�LQWHUUXSW�EDVHG�RU�'0$�EDVHG�PRGH 
z 6XSSRUW�����ELWV�ZLGWK�WUDQVIHU 

25.2 Block Diagram 
7KLV�VHFWLRQ�SURYLGHV�D�GHVFULSWLRQ�DERXW�WKH�IXQFWLRQV�DQG�EHKDYLRU�XQGHU�YDULRXV�
FRQGLWLRQV��7KH�8$57�&RQWUROOHU�FRPSULVHV�ZLWK� 
z $0%$�$3%�LQWHUIDFH�  
z ),)2�FRQWUROOHUV�  
z 5HJLVWHU�EORFN 
z 0RGHP�V\QFKURQL]DWLRQ�EORFN�DQG�EDXG�FORFN�JHQHUDWLRQ�EORFN 
z 6HULDO�UHFHLYHU�DQG�VHULDO�WUDQVPLWWHU 

apb 
interface

modem 
sync

register
block

fifo
block

baud 
clock

generation

serial
receiver

serial
transmitter

apb
bus

baudout_n

sout

sir_out_n

dma_tx_req
dma_rx_req
dma_tx_ack
dma_rx_ack

intr
dtr_n
rts_n

cts_n

dsr_n

sin

sir_in_n

 
Fig. 25-1 UART Architecture 

$3%�,17(5)$&( 
7KH�KRVW�SURFHVVRU�DFFHVVHV�GDWD��FRQWURO��DQG�VWDWXV�LQIRUPDWLRQ�RQ�WKH�UART WKURXJK�WKH�
$3%�LQWHUIDFH��7KH�UART VXSSRUWV�$3%�GDWD�EXV�ZLGWKV�RI��������DQG����ELWV� 
5HJLVWHU�EORFN 
%H�UHVSRQVLEOH�IRU�WKH�PDLQ�8$57�IXQFWLRQDOLW\�LQFOXGLQJ�FRQWURO��VWDWXV�DQG�LQWHUUXSW�
JHQHUDWLRQ� 
0RGHP�6\QFKURQL]DWLRQ�EORFN 
6\QFKURQL]HV�WKH�PRGHP�LQSXW�VLJQDO� 
),)2�EORFN�  
%H�UHVSRQVLEOH�IRU�),)2�FRQWURO�DQG�VWRUDJH��ZKHQ�XVLQJ�LQWHUQDO�5$0��RU�VLJQDOLQJ�WR�
FRQWURO�H[WHUQDO�5$0��ZKHQ�XVHG�� 
%DXG�&ORFN�*HQHUDWRU�  
*HQHUDWHV�WKH�WUDQVPLWWHU�DQG�UHFHLYHU�EDXG�FORFN�DORQJ�ZLWK�WKH�RXWSXW�UHIHUHQFH�FORFN�
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VLJQDO��EDXGRXWBQ�� 
6HULDO�7UDQVPLWWHU 
&RQYHUWV�WKH�SDUDOOHO�GDWD��ZULWWHQ�WR�WKH�8$57��LQWR�VHULDO�IRUP�DQG�DGGV�DOO�DGGLWLRQDO�ELWV��
DV�VSHFLILHG�E\�WKH�FRQWURO�UHJLVWHU��IRU�WUDQVPLVVLRQ��7KLV�PDNHXS�RI�VHULDO�GDWD��UHIHUUHG�WR�
DV�D�FKDUDFWHU�FDQ�H[LW�WKH�EORFN�LQ�WZR�IRUPV��HLWKHU�VHULDO�8$57�IRUPDW�RU�,U'$�����6,5�
IRUPDW� 
6HULDO�5HFHLYHU 
&RQYHUWV�WKH�VHULDO�GDWD�FKDUDFWHU��DV�VSHFLILHG�E\�WKH�FRQWURO�UHJLVWHU��UHFHLYHG�LQ�HLWKHU�WKH�
8$57�RU�,U'$�����6,5�IRUPDW�WR�SDUDOOHO�IRUP��3DULW\�HUURU�GHWHFWLRQ��IUDPLQJ�HUURU�GHWHFWLRQ�
DQG�OLQH�EUHDN�GHWHFWLRQ�LV�FDUULHG�RXW�LQ�WKLV�EORFN� 

25.3 Function Description 
8$57��56�����6HULDO�3URWRFRO 
%HFDXVH�WKH�VHULDO�FRPPXQLFDWLRQ�LV�DV\QFKURQRXV��DGGLWLRQDO�ELWV��VWDUW�DQG�VWRS��DUH�DGGHG�
WR�WKH�VHULDO�GDWD�WR�LQGLFDWH�WKH�EHJLQQLQJ�DQG�HQG��$Q�DGGLWLRQDO�SDULW\�ELW�PD\�EH�DGGHG�WR�
WKH�VHULDO�FKDUDFWHU��7KLV�ELW�DSSHDUV�DIWHU�WKH�ODVW�GDWD�ELW�DQG�EHIRUH�WKH�VWRS�ELW�V��LQ�WKH�
FKDUDFWHU�VWUXFWXUH�WR�SHUIRUP�VLPSOH�HUURU�FKHFNLQJ�RQ�WKH�UHFHLYHG�GDWD��DV�VKRZQ�LQ�)LJXUH��  

 
Fig. 25-2 UART Serial protocol 

,U'$�����6,5�3URWRFRO 
7KH�,QIUDUHG�'DWD�$VVRFLDWLRQ��,U'$������6HULDO�,QIUDUHG��6,5��PRGH�VXSSRUWV�EL�GLUHFWLRQDO�
GDWDFRPPXQLFDWLRQV�ZLWK�UHPRWH�GHYLFHV�XVLQJ�LQIUDUHG�UDGLDWLRQ�DV�WKH�WUDQVPLVVLRQ�PHGLXP��
,U'$�����6,5�PRGH�VSHFLILHV�D�PD[LPXP�EDXG�UDWH�RI�������.EDXG� 
7UDQVPLWWLQJ�D�VLQJOH�LQIUDUHG�SXOVH�VLJQDOV�D�ORJLF�]HUR��ZKLOH�D�ORJLF�RQH�LV�UHSUHVHQWHG�E\�
QRW� VHQGLQJ�D�SXOVH��7KH�ZLGWK�RI�HDFK�SXOVH� LV�����WKV�RI�D�QRUPDO�VHULDO� ELW� WLPH��'DWD�
WUDQVIHUV�FDQ�RQO\�RFFXU�LQ�KDOI�GXSOH[�IDVKLRQ�ZKHQ�,U'$�6,5�PRGH�LV�HQDEOHG� 

 
Fig. 25-3 IrDA 1.0 

%DXG�&ORFN 
7KH�EDXG�UDWH�LV�FRQWUROOHG�E\�WKH�VHULDO�FORFN��VFON�RU�SFON�LQ�D�VLQJOH�FORFN�LPSOHPHQWDWLRQ��
DQG�WKH�'LYLVRU�/DWFK�5HJLVWHU��'/+�DQG�'//���$V�WKH�H[DFW�QXPEHU�RI�EDXG�FORFNV�WKDW�HDFK�
ELW�ZDV�WUDQVPLWWHG�IRU�LV�NQRZQ��FDOFXODWLQJ�WKH�PLG�SRLQW�IRU�VDPSOLQJ�LV�QRW�GLIILFXOW��WKDW�LV�
HYHU\����EDXG�FORFNV�DIWHU�WKH�PLG�SRLQW�VDPSOH�RI�WKH�VWDUW�ELW��  

 
Fig. 25-4 UART baud rate 

),)2�6XSSRUW 
���121(�),)2�02'( 
,I�),)2�VXSSRUW�LV�QRW�VHOHFWHG��WKHQ�QR�),)2V�DUH�LPSOHPHQWHG�DQG�RQO\�D�VLQJOH�UHFHLYH�
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GDWD�E\WH�DQG�WUDQVPLW�GDWD�E\WH�FDQ�EH�VWRUHG�DW�D�WLPH�LQ�WKH�5%5�DQG�7+5� 
���),)2�02'( 
7KH�),)2�GHSWK�RI�8$57��UART1/UART2LV���E\WHV��7KH�),)2�PRGH�RI�DOO�WKH�8$57�LV�HQDEOHG�
E\�UHJLVWHU�)&5>�@� 
,QWHUUXSWV 
7KH�IROORZLQJ�LQWHUUXSW�W\SHV�FDQ�EH�HQDEOHG�ZLWK�WKH�,(5�UHJLVWHU��  
z 5HFHLYHU�(UURU 
z 5HFHLYHU�'DWD�$YDLODEOH 
z &KDUDFWHU�7LPHRXW��LQ�),)2�PRGH�RQO\� 
z 7UDQVPLWWHU�+ROGLQJ�5HJLVWHU�(PSW\�DW�EHORZ�WKUHVKROG��LQ�3URJUDPPDEOH�7+5(�

,QWHUUXSW�PRGH� 
z 0RGHP�6WDWXV 
'0$�6XSSRUW 
7KH�8$57�VXSSRUWV�'0$�VLJQDOLQJ�ZLWK�WKH�XVH�RI�WZR�RXWSXW�VLJQDOV��GPDBW[BUHTBQ�DQG�
GPDBU[BUHTBQ��WR�LQGLFDWH�ZKHQ�GDWD�LV�UHDG\�WR�EH�UHDG�RU�ZKHQ�WKH�WUDQVPLW�),)2�LV�
HPSW\� 
7KH�GPDBW[BUHTBQ�VLJQDO�LV�DVVHUWHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
z :KHQ�WKH�7UDQVPLWWHU�+ROGLQJ�5HJLVWHU�LV�HPSW\�LQ�QRQ�),)2�PRGH� 
z :KHQ�WKH�WUDQVPLWWHU�),)2�LV�HPSW\�LQ�),)2�PRGH�ZLWK�3URJUDPPDEOH�7+5(�LQWHUUXSW� � �

PRGH�GLVDEOHG� 
z :KHQ�WKH�WUDQVPLWWHU�),)2�LV�DW��RU�EHORZ�WKH�SURJUDPPHG�WKUHVKROG�ZLWK�

3URJUDPPDEOH�7+5(�LQWHUUXSW�PRGH�HQDEOHG��  
7KH�GPDBU[BUHTBQ�VLJQDO�LV�DVVHUWHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV� 
z :KHQ�WKHUH�LV�D�VLQJOH�FKDUDFWHU�DYDLODEOH�LQ�WKH�5HFHLYH�%XIIHU�5HJLVWHU�LQ�QRQ�),)2�

PRGH� 
z :KHQ�WKH�5HFHLYHU�),)2�LV�DW�RU�DERYH�WKH�SURJUDPPHG�WULJJHU�OHYHO�LQ�),)2�PRGH� 
$XWR�)ORZ�&RQWURO 
7KH�8$57�FDQ�EH�FRQILJXUHG�WR�KDYH�D�������FRPSDWLEOH�$XWR�576�DQG�$XWR�&76�VHULDO�GDWD�
IORZ�FRQWURO�PRGH�DYDLODEOH��,I�),)2V�DUH�QRW�LPSOHPHQWHG��WKHQ�WKLV�PRGH�FDQQRW�EH�
VHOHFWHG��:KHQ�$XWR�)ORZ�&RQWURO�PRGH�KDV�EHHQ�VHOHFWHG��LW�FDQ�EH�HQDEOHG�ZLWK�WKH�
0RGHP�&RQWURO�5HJLVWHU��0&5>�@���)ROORZLQJ�ILJXUH�VKRZV�D�EORFN�GLDJUDP�RI�WKH�$XWR�)ORZ�
&RQWURO�IXQFWLRQDOLW\� 

 
Fig. 25-5 UART Auto flow control block diagram 

$XWR�576�±�%HFRPHV�DFWLYH�ZKHQ�WKH�IROORZLQJ�RFFXUV� 
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z $XWR�)ORZ�&RQWURO�LV�VHOHFWHG�GXULQJ�FRQILJXUDWLRQ 
z ),)2V�DUH�LPSOHPHQWHG 
z 576��0&5>�@�ELW�DQG�0&5>�@ELW�DUH�ERWK�VHW� 
z ),)2V�DUH�HQDEOHG��)&5>�@��ELW�LV�VHW� 
z 6,5�PRGH�LV�GLVDEOHG��0&5>�@�ELW�LV�QRW�VHW� 
 

 
Fig. 25-6 UART AUTO RTS TIMING 

$XWR�&76�±�EHFRPHV�DFWLYH�ZKHQ�WKH�IROORZLQJ�RFFXUV� 
z $XWR�)ORZ�&RQWURO�LV�VHOHFWHG�GXULQJ�FRQILJXUDWLRQ 
z ),)2V�DUH�LPSOHPHQWHG 
z $)&(��0&5>�@�ELW�LV�VHW� 
z ),)2V�DUH�HQDEOHG�WKURXJK�),)2�&RQWURO�5HJLVWHU�)&5>�@�ELW 
z 6,5�PRGH�LV�GLVDEOHG��0&5>�@�ELW�LV�QRW�VHW� 
 

 
Fig. 25-7 UART AUTO CTS TIMING 

25.4 Register Description  
25.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 
25.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

8$57B5%5 �[���� : �[�������� 5HFHLYH�%XIIHU�5HJLVWHU 
8$57B'// �[���� : �[�������� 'LYLVRU�/DWFK�/RZ 
8$57B7+5 �[���� : �[�������� 7UDQVPLW�%XIIHU�5HJLVWHU 
8$57B'/+ �[���� : �[�������� 'LYLVRU�/DWFK�+LJK 
8$57B,(5 �[���� : �[�������� ,QWHUUXSW�(QDEOH�5HJLVWHU 
8$57B)&5 �[���� : �[�������� ),)2�(QDEOH 
8$57B,,5 �[���� : �[�������� ,QWHUUXSW�,GHQWLW\�5HJLVWHU 
8$57B/&5 �[���& : �[�������� /LQH�&RQWURO�5HJLVWHU 
8$57B0&5 �[���� : �[�������� 0RGHP�&RQWURO�5HJLVWHU 
8$57B/65 �[���� : �[�������� /LQH�6WDWXV�5HJLVWHU 
8$57B065 �[���� : �[�������� 0RGHP�6WDWXV�5HJLVWHU 
8$57B6&5 �[���& : �[�������� 6FUDWFKSDG�5HJLVWHU 
8$57B65%5 �[���� : �[�������� 6KDGRZ�5HFHLYH�%XIIHU�5HJLVWHU 
8$57B67+5 �[���� : �[�������� 6KDGRZ�7UDQVPLW�+ROGLQJ�5HJLVWHU 
8$57B)$5 �[���� : �[�������� ),)2�$FFHVV�5HJLVWHU 
8$57B7)5 �[���� : �[�������� 7UDQVPLW�),)2�5HDG 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

8$57B5): �[���� : �[�������� 5HFHLYH�),)2�ZULWH 
8$57B865 �[���& : �[�������� 8$57�6WDWXV�5HJLVWHU 
8$57B7)/ �[���� : �[�������� 7UDQVPLW�),)2�OHYHO 
8$57B5)/ �[���� : �[�������� 5HFHLYH�),)2�OHYHO 
8$57B655 �[���� : �[�������� 6RIWZDUH�5HVHW�5HJLVWHU 
8$57B6576 �[���& : �[�������� 6KDGRZ�5HTXHVW�WR�6HQG 
8$57B6%&5 �[���� : �[�������� 6KDGRZ�%UHDN�&RQWURO�5HJLVWHU 
8$57B6'0$0 �[���� : �[�������� 6KDGRZ�'0$�0RGH 
8$57B6)( �[���� : �[�������� 6KDGRZ�),)2�HQDEOH 
8$57B657 �[���& : �[�������� 6KDGRZ�5&95�7ULJJHU 
8$57B67(7 �[��$� : �[�������� 6KDGRZ�7;�(PSW\�7ULJJHU 
8$57B+7; �[��$� : �[�������� +DOW�7; 
8$57B'0$6$ �[��$� : �[�������� '0$�6RIWZDUH�$FNQRZOHGJH 
8$57B&35 �[��)� : �[�����))� &RPSRQHQW�3DUDPHWHU�5HJLVWHU 
8$57B8&9 �[��)� : �[�������$ 8$57�&RPSRQHQW�9HUVLRQ 
8$57B&75 �[��)& : �[�������� &RPSRQHQW�7\SH�5HJLVWHU 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
25.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
8$57B5%5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

GDWDBLQSXW 
'DWD�E\WH�UHFHLYHG�RQ�WKH�VHULDO�LQSXW�SRUW��VLQ��LQ�8$57�PRGH��RU�
WKH�VHULDO�LQIUDUHG�LQSXW��VLUBLQ��LQ�LQIUDUHG�PRGH��7KH�GDWD�LQ�WKLV�
UHJLVWHU�LV�YDOLG�RQO\�LI�WKH�'DWD�5HDG\��'5��ELW�LQ�WKH�/LQH�6WDWXV�
5HJLVWHU��/&5��LV�VHW��,I�LQ�QRQ�),)2�PRGH��),)2B02'(�  �
121(��RU�),)2V�DUH�GLVDEOHG��)&5>�@�VHW�WR�]HUR���WKH�GDWD�LQ�WKH�
5%5�PXVW�EH�UHDG�EHIRUH�WKH�QH[W�GDWD�DUULYHV��RWKHUZLVH�LW�LV�
RYHUZULWWHQ��UHVXOWLQJ�LQ�DQ�RYHU�UXQ�HUURU� 
,I�LQ�),)2�PRGH��),)2B02'(�� �121(��DQG�),)2V�DUH�HQDEOHG�
�)&5>�@�VHW�WR�RQH���WKLV�UHJLVWHU�DFFHVVHV�WKH�KHDG�RI�WKH�UHFHLYH�
),)2��,I�WKH�UHFHLYH�),)2�LV�IXOO�DQG�WKLV�UHJLVWHU�LV�QRW�UHDG�EHIRUH�
WKH�QH[W�GDWD�FKDUDFWHU�DUULYHV��WKHQ�WKH�GDWD�DOUHDG\�LQ�WKH�),)2�
LV�SUHVHUYHG��EXW�DQ\�LQFRPLQJ�GDWD�DUH�ORVW�DQG�DQ�RYHU�UXQ�
HUURU�RFFXUV� 

 
8$57B'//�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[�� 

EDXGBUDWHBGLYLVRUBO 
/RZHU���ELWV�RI�D����ELW��UHDG�ZULWH��'LYLVRU�/DWFK�UHJLVWHU�WKDW�
FRQWDLQV�WKH�EDXG�UDWH�GLYLVRU�IRU�WKH�8$57��7KLV�UHJLVWHU�PD\�
RQO\�EH�DFFHVVHG�ZKHQ�WKH�'/$%�ELW��/&5>�@��LV�VHW�DQG�WKH�8$57�
LV�QRW�EXV\��865>�@�LV�]HUR���7KH�RXWSXW�EDXG�UDWH�LV�HTXDO�WR�WKH�
VHULDO�FORFN��SFON�LI�RQH�FORFN�GHVLJQ��VFON�LI�WZR�FORFN�GHVLJQ�
�&/2&.B02'(�  �(QDEOHG���IUHTXHQF\�GLYLGHG�E\�VL[WHHQ�WLPHV�
WKH�YDOXH�RI�WKH�EDXG�UDWH�GLYLVRU��DV�IROORZV��EDXG�UDWH� ��VHULDO�
FORFN�IUHT���������GLYLVRU�� 
1RWH�WKDW�ZLWK�WKH�'LYLVRU�/DWFK�5HJLVWHUV��'//�DQG�'/+��VHW�WR�
]HUR��WKH�EDXG�FORFN�LV�GLVDEOHG�DQG�QR�VHULDO�FRPPXQLFDWLRQV�
RFFXU��$OVR��RQFH�WKH�'//�LV�VHW��DW�OHDVW���FORFN�F\FOHV�RI�WKH�
VORZHVW�':BDSEBXDUW�FORFN�VKRXOG�EH�DOORZHG�WR�SDVV�EHIRUH�
WUDQVPLWWLQJ�RU�UHFHLYLQJ�GDWD� 

 
8$57B7+5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� :2 �[�� 

GDWDBRXWSXW 
'DWD�WR�EH�WUDQVPLWWHG�RQ�WKH�VHULDO�RXWSXW�SRUW��VRXW��LQ�8$57�
PRGH�RU�WKH�VHULDO�LQIUDUHG�RXWSXW��VLUBRXWBQ��LQ�LQIUDUHG�PRGH��
'DWD�VKRXOG�RQO\�EH�ZULWWHQ�WR�WKH�7+5�ZKHQ�WKH�7+5�(PSW\�
�7+5(��ELW��/65>�@��LV�VHW��,I�LQ�QRQ�),)2�PRGH�RU�),)2V�DUH�
GLVDEOHG��)&5>�@� ����DQG�7+5(�LV�VHW��ZULWLQJ�D�VLQJOH�FKDUDFWHU�
WR�WKH�7+5�FOHDUV�WKH�7+5(��$Q\�DGGLWLRQDO�ZULWHV�WR�WKH�7+5�
EHIRUH�WKH�7+5(�LV�VHW�DJDLQ�FDXVHV�WKH�7+5�GDWD�WR�EH�
RYHUZULWWHQ� 
,I�LQ�),)2�PRGH�DQG�),)2V�DUH�HQDEOHG��)&5>�@� ����DQG�7+5(�LV�
VHW�����FKDUDFWHUV�RI�GDWD�PD\�EH�ZULWWHQ�WR�WKH�7+5�EHIRUH�WKH�
),)2�LV�IXOO���$Q\�DWWHPSW�WR�ZULWH�GDWD�ZKHQ�WKH�),)2�LV�IXOO�
UHVXOWV�LQ�WKH�ZULWH�GDWD�EHLQJ�ORVW� 

 
8$57B'/+�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 

EDXGBUDWHBGLYLVRUBK 
8SSHU���ELWV�RI�D����ELW��UHDG�ZULWH��'LYLVRU�/DWFK�UHJLVWHU�WKDW�
FRQWDLQV�WKH�EDXG�UDWH�GLYLVRU�IRU�WKH�8$57��7KLV�UHJLVWHU�PD\�
RQO\�EH�DFFHVVHG�ZKHQ�WKH�'/$%�ELW��/&5>�@��LV�VHW�DQG�WKH�8$57�
LV�QRW�EXV\��865>�@�LV�]HUR���7KH�RXWSXW�EDXG�UDWH�LV�HTXDO�WR�WKH�
VHULDO�FORFN��SFON�LI�RQH�FORFN�GHVLJQ��VFON�LI�WZR�FORFN�GHVLJQ�
&/2&.B02'(�  �(QDEOHG���IUHTXHQF\�GLYLGHG�E\�VL[WHHQ�WLPHV�
WKH�YDOXH�RI�WKH�EDXG�UDWH�GLYLVRU��DV�IROORZV��EDXG�UDWH� ��VHULDO�
FORFN�IUHT���������GLYLVRU�� 
1RWH�WKDW�ZLWK�WKH�'LYLVRU�/DWFK�5HJLVWHUV��'//�DQG�'/+��VHW�WR�
]HUR��WKH�EDXG�FORFN�LV�GLVDEOHG�DQG�QR�VHULDO�FRPPXQLFDWLRQV�
RFFXU��$OVR��RQFH�WKH�'/+�LV�VHW��DW�OHDVW���FORFN�F\FOHV�RI�WKH�
VORZHVW�':BDSEBXDUW�FORFN�VKRXOG�EH�DOORZHG�WR�SDVV�EHIRUH�
WUDQVPLWWLQJ�RU�UHFHLYLQJ�GDWD� 

 
8$57B,(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

SURJBWKUHBLQWBHQ 
3URJUDPPDEOH�7+5(�,QWHUUXSW�0RGH�(QDEOH�WKDW�FDQ�EH�ZULWWHQ�WR�
RQO\�ZKHQ�7+5(B02'(B86(5�  �(QDEOHG��DOZD\V�UHDGDEOH��7KLV�
LV�XVHG�WR�HQDEOH�GLVDEOH�WKH�JHQHUDWLRQ�RI�7+5(�,QWHUUXSW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

��� 52 �[� UHVHUYHG 

� 5: �[� 

PRGHPBVWDWXVBLQWBHQ 
(QDEOH�0RGHP�6WDWXV�,QWHUUXSW��7KLV�LV�XVHG�WR�HQDEOH�GLVDEOH�
WKH�JHQHUDWLRQ�RI�0RGHP�6WDWXV�,QWHUUXSW��7KLV�LV�WKH�IRXUWK�
KLJKHVW�SULRULW\�LQWHUUXSW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

� 5: �[� 

UHFHLYHBOLQHBVWDWXVBLQWBHQ 
(QDEOH�5HFHLYHU�/LQH�6WDWXV�,QWHUUXSW��7KLV�LV�XVHG�WR�
HQDEOH�GLVDEOH�WKH 
JHQHUDWLRQ�RI�5HFHLYHU�/LQH�6WDWXV�,QWHUUXSW��7KLV�LV�WKH�KLJKHVW�
SULRULW\ 
LQWHUUXSW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

� 5: �[� 

WUDQVBKROGBHPSW\BLQWBHQ 
(QDEOH�7UDQVPLW�+ROGLQJ�5HJLVWHU�(PSW\�,QWHUUXSW��7KLV�LV�XVHG�WR�
HQDEOH�GLVDEOH�WKH�JHQHUDWLRQ�RI�7UDQVPLWWHU�+ROGLQJ�5HJLVWHU�
(PSW\�,QWHUUXSW��7KLV�LV�WKH�WKLUG�KLJKHVW�SULRULW\�LQWHUUXSW� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

� 5: �[� 

UHFHLYHBGDWDBDYDLODEOHBLQWBHQ 
(QDEOH�5HFHLYHG�'DWD�$YDLODEOH�,QWHUUXSW��7KLV�LV�XVHG�WR�
HQDEOH�GLVDEOH�WKH�JHQHUDWLRQ�RI�5HFHLYHG�'DWD�$YDLODEOH�
,QWHUUXSW�DQG�WKH�&KDUDFWHU�7LPHRXW�,QWHUUXSW��LI�LQ�),)2�PRGH�
DQG�),)2V�HQDEOHG���7KHVH�DUH�WKH�VHFRQG�KLJKHVW�SULRULW\�
LQWHUUXSWV� 
�
E���'LVDEOHG 
�
E���(QDEOHG 

 
8$57B)&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� :2 �[� 

UFYUBWULJJHU 
DW�ZKLFK�WKH�5HFHLYHG�'DWD�$YDLODEOH�,QWHUUXSW�LV�JHQHUDWHG��,Q�
DXWR�IORZ�FRQWURO�PRGH�LW�LV�XVHG�WR�GHWHUPLQH�ZKHQ�WKH�UWVBQ�
VLJQDO�LV�GH�DVVHUWHG��,W�DOVR�GHWHUPLQHV�ZKHQ�WKH�GPDBU[BUHTBQ�
VLJQDO�LV�DVVHUWHG�LQ�FHUWDLQ�PRGHV�RI�RSHUDWLRQ��)RU�GHWDLOV�RQ�
'0$�VXSSRUW��UHIHU�WR��'0$�6XSSRU���7KH�IROORZLQJ�WULJJHU�OHYHOV�
DUH�VXSSRUWHG� 
�
E������FKDUDFWHU�LQ�WKH�),)2 
�
E����),)2�����IXOO 
�
E����),)2�����IXOO 
�
E����),)2���OHVV�WKDQ�IXOO 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� :2 �[� 

W[BHPSW\BWULJJHU 
7;�(PSW\�7ULJJHU��:ULWHV�KDYH�QR�HIIHFW�ZKHQ�7+5(B02'(B86(5�
  �'LVDEOHG��7KLV�LV�XVHG�WR�VHOHFW�WKH�HPSW\�WKUHVKROG�OHYHO�DW�
ZKLFK�WKH�7+5(�,QWHUUXSWV�DUH�JHQHUDWHG�ZKHQ�WKH�PRGH�LV�
DFWLYH��,W�DOVR�GHWHUPLQHV�ZKHQ�WKH�GPDBW[BUHTBQ�VLJQDO�LV�
DVVHUWHG�ZKHQ�LQ�FHUWDLQ�PRGHV�RI�RSHUDWLRQ��)RU�GHWDLOV�RQ�'0$�
VXSSRUW��UHIHU�WR���'0$�6XSSRU����7KH�IROORZLQJ�WULJJHU�OHYHOV�DUH�
VXSSRUWHG� 
�
E����),)2�HPSW\ 
�
E������FKDUDFWHUV�LQ�WKH�),)2 
�
E����),)2�����IXOO 
�
E����),)2�����IXOO 

� :2 �[� 

GPDBPRGH 
'0$�0RGH��7KLV�GHWHUPLQHV�WKH�'0$�VLJQDOOLQJ�PRGH�XVHG�IRU�WKH�
GPDBW[BUHTBQ�DQG�GPDBU[BUHTBQ�RXWSXW�VLJQDOV�ZKHQ�DGGLWLRQDO�
'0$�KDQGVKDNLQJ�VLJQDOV�DUH�QRW�VHOHFWHG��'0$B(;75$�  �1R���
)RU�GHWDLOV�RQ�'0$�VXSSRUW��UHIHU�WR�'0$�6XSSRUW� 
�
E���0RGH�� 
�
E���0RGH�� 

� :2 �[� 

[PLWBILIRBUHVHW 
;0,7�),)2�5HVHW��7KLV�UHVHWV�WKH�FRQWURO�SRUWLRQ�RI�WKH�WUDQVPLW�
),)2�DQG�WUHDWV�WKH�),)2�DV�HPSW\��7KLV�DOVR�GH�DVVHUWV�WKH�'0$�
7;�UHTXHVW�DQG�VLQJOH�VLJQDOV�ZKHQ�DGGLWLRQDO�'0$�KDQGVKDNLQJ�
VLJQDOV�DUH�VHOHFWHG��'0$B(;75$�  �<(6���1RWH�WKDW�WKLV�ELW�LV�

VHOI�FOHDULQJ
��,W�LV�QRW�QHFHVVDU\�WR�FOHDU�WKLV�ELW� 

� :2 �[� 

UFYUBILIRBUHVHW 
5&95�),)2�5HVHW��7KLV�UHVHWV�WKH�FRQWURO�SRUWLRQ�RI�WKH�UHFHLYH�
),)2�DQG�WUHDWV�WKH�),)2�DV�HPSW\��7KLV�DOVR�GH�DVVHUWV�WKH�'0$�
5;�UHTXHVW�DQG�VLQJOH�VLJQDOV�ZKHQ�DGGLWLRQDO�'0$�KDQGVKDNLQJ�
VLJQDOV�DUH�VHOHFWHG��'0$B(;75$�  �<(6���1RWH�WKDW�WKLV�ELW�LV�

VHOI�FOHDULQJ
��,W�LV�QRW�QHFHVVDU\�WR�FOHDU�WKLV�ELW� 

� :2 �[� 
ILIRBHQ 
),)2�(QDEOH��7KLV�HQDEOHV�GLVDEOHV�WKH�WUDQVPLW��;0,7��DQG�
UHFHLYH��5&95��),)2V��:KHQHYHU�WKH�YDOXH�RI�WKLV�ELW�LV�FKDQJHG�
ERWK�WKH�;0,7�DQG�5&95�FRQWUROOHU�SRUWLRQ�RI�),)2V�LV�UHVHW� 

 
8$57B,,5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[� 

ILIRVBHQ 
),)2V�(QDEOHG��7KLV�LV�XVHG�WR�LQGLFDWH�ZKHWKHU�WKH�),)2V�DUH�
HQDEOHG�RU�GLVDEOHG� 
�
E����'LVDEOHG 
�
E����(QDEOHG 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

LQWBLG 
,QWHUUXSW�,'��7KLV�LQGLFDWHV�WKH�KLJKHVW�SULRULW\�SHQGLQJ�LQWHUUXSW�
ZKLFK�FDQ�EH�RQH�RI�WKH�IROORZLQJ�W\SHV� 
�
E������0RGHP�VWDWXV 
�
E������1R�LQWHUUXSW�SHQGLQJ 
�
E������7+5�HPSW\ 
�
E������5HFHLYHG�GDWD�DYDLODEOH 
�
E������5HFHLYHU�OLQH�VWDWXV 
�
E������%XV\�GHWHFW 
�
E������&KDUDFWHU�WLPHRXW 
7KH�LQWHUUXSW�SULRULWLHV�DUH�VSOLW�LQWR�IRXU�OHYHOV�WKDW�DUH�GHWDLOHG�
LQ�7DEOH�;� 
%LW���LQGLFDWHV�DQ�LQWHUUXSW�FDQ�RQO\�RFFXU�ZKHQ�WKH�),)2V�DUH�
HQDEOHG�DQG�XVHG�WR�GLVWLQJXLVK�D�&KDUDFWHU�7LPHRXW�FRQGLWLRQ�
LQWHUUXSW� 

 
8$57B/&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 5: �[� 

GLYBODWBDFFHVV 
'LYLVRU�/DWFK�$FFHVV�%LW�:ULWHDEOH�RQO\�ZKHQ�8$57�LV�QRW�EXV\�
�865>�@�LV�]HUR���DOZD\V�UHDGDEOH��7KLV�ELW�LV�XVHG�WR�HQDEOH�
UHDGLQJ�DQG�ZULWLQJ�RI�WKH�'LYLVRU�/DWFK�UHJLVWHU��'//�DQG�'/+��WR�
VHW�WKH�EDXG�UDWH�RI�WKH�8$57��7KLV�ELW�PXVW�EH�FOHDUHG�DIWHU�
LQLWLDO�EDXG�UDWH�VHWXS�LQ�RUGHU�WR�DFFHVV�RWKHU�UHJLVWHUV� 

� 5: �[� 

EUHDNBFWUO 
%UHDN�&RQWURO�%LW�7KLV�LV�XVHG�WR�FDXVH�D�EUHDN�FRQGLWLRQ�WR�EH�
WUDQVPLWWHG�WR�WKH�UHFHLYLQJ�GHYLFH��,I�VHW�WR�RQH�WKH�VHULDO�RXWSXW�
LV�IRUFHG�WR�WKH�VSDFLQJ��ORJLF����VWDWH��:KHQ�QRW�LQ�/RRSEDFN�
0RGH��DV�GHWHUPLQHG�E\�0&5>�@��WKH�VRXW�OLQH�LV�IRUFHG�ORZ�XQWLO�
WKH�%UHDN�ELW�LV�FOHDUHG��,I�6,5B02'(�  �(QDEOHG�DQG�DFWLYH�
�0&5>�@�VHW�WR�RQH��WKH�VLUBRXWBQ�OLQH�LV�FRQWLQXRXVO\�SXOVHG��
:KHQ�LQ�/RRSEDFN�0RGH��WKH�EUHDN�FRQGLWLRQ�LV�LQWHUQDOO\�ORRSHG�
EDFN�WR�WKH�UHFHLYHU�DQG�WKH�VLUBRXWBQ�OLQH�LV�IRUFHG�ORZ� 

� 52 �[� UHVHUYHG 

� 5: �[� 

HYHQBSDULW\BVHO 
(YHQ�3DULW\�6HOHFW��:ULWHDEOH�RQO\�ZKHQ�8$57�LV�QRW�EXV\�
�865>�@�LV�]HUR���DOZD\V�UHDGDEOH��7KLV�LV�XVHG�WR�VHOHFW�EHWZHHQ�
HYHQ�DQG�RGG�SDULW\��ZKHQ�SDULW\�LV�HQDEOHG��3(1�VHW�WR�RQH���,I�
VHW�WR�RQH��DQ�HYHQ�QXPEHU�RI�ORJLF��V�LV�WUDQVPLWWHG�RU�FKHFNHG��
,I�VHW�WR�]HUR��DQ�RGG�QXPEHU�RI�ORJLF��V�LV�WUDQVPLWWHG�RU�
FKHFNHG� 

� 5: �[� 

SDULW\BHQ 
3DULW\�(QDEOH��:ULWHDEOH�RQO\�ZKHQ�8$57�LV�QRW�EXV\��865>�@�LV�
]HUR���DOZD\V�UHDGDEOH��7KLV�ELW�LV�XVHG�WR�HQDEOH�DQG�GLVDEOH�
SDULW\�JHQHUDWLRQ�DQG�GHWHFWLRQ�LQ�WUDQVPLWWHG�DQG�UHFHLYHG�VHULDO�
FKDUDFWHU�UHVSHFWLYHO\� 
�
E���3DULW\�GLVDEOHG 
�
E���3DULW\�HQDEOHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

VWRSBELWVBQXP 
1XPEHU�RI�VWRS�ELWV��:ULWHDEOH�RQO\�ZKHQ�8$57�LV�QRW�EXV\�
�865>�@�LV�]HUR���DOZD\V�UHDGDEOH��7KLV�LV�XVHG�WR�VHOHFW�WKH�
QXPEHU�RI�VWRS�ELWV�SHU�FKDUDFWHU�WKDW�WKH�SHULSKHUDO�WUDQVPLWV�
DQG�UHFHLYHV��,I�VHW�WR�]HUR��RQH�VWRS�ELW�LV�WUDQVPLWWHG�LQ�WKH�
VHULDO�GDWD��,I�VHW�WR�RQH�DQG�WKH�GDWD�ELWV�DUH�VHW�WR����/&5>���@�
VHW�WR�]HUR��RQH�DQG�D�KDOI�VWRS�ELWV�LV�WUDQVPLWWHG��2WKHUZLVH��
WZR�VWRS�ELWV�DUH�WUDQVPLWWHG��1RWH�WKDW�UHJDUGOHVV�RI�WKH�QXPEHU�
RI�VWRS�ELWV�VHOHFWHG��WKH�UHFHLYHU�FKHFNV�RQO\�WKH�ILUVW�VWRS�ELW� 
�
E�����VWRS�ELW 
�
E�������VWRS�ELWV�ZKHQ�'/6��/&5>���@��LV�]HUR��HOVH���VWRS�ELW� 

��� 5: �[� 

GDWDBOHQJWKBVHO 
'DWD�/HQJWK�6HOHFW��:ULWHDEOH�RQO\�ZKHQ�8$57�LV�QRW�EXV\�
�865>�@�LV�]HUR���DOZD\V�UHDGDEOH��7KLV�LV�XVHG�WR�VHOHFW�WKH�
QXPEHU�RI�GDWD�ELWV�SHU�FKDUDFWHU�WKDW�WKH�SHULSKHUDO�WUDQVPLWV�
DQG�UHFHLYHV��7KH�QXPEHU�RI�ELW�WKDW�PD\�EH�VHOHFWHG�DUHDV�
IROORZV� 
�
E������ELWV 
�
E������ELWV 
�
E������ELWV 
�
E������ELWV 

 
8$57B0&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 5: �[� 

VLUBPRGHBHQ 
6,5�0RGH�(QDEOH��:ULWHDEOH�RQO\�ZKHQ�6,5B02'(�  �(QDEOHG��
DOZD\V�UHDGDEOH��7KLV�LV�XVHG�WR�HQDEOH�GLVDEOH�WKH�,U'$�6,5�
0RGH�IHDWXUHV�DV�GHVFULEHG�LQ��,U'$�����6,5�3URWRFRO�� 
�
E���,U'$�6,5�0RGH�GLVDEOHG 
�
E���,U'$�6,5�0RGH�HQDEOHG 

� 5: �[� 

DXWRBIORZBFWUOBHQ 
$XWR�)ORZ�&RQWURO�(QDEOH��:ULWHDEOH�RQO\�ZKHQ�$)&(B02'(�  �
(QDEOHG��DOZD\V�UHDGDEOH��:KHQ�),)2V�DUH�HQDEOHG�DQG�WKH�$XWR�
)ORZ�&RQWURO�(QDEOH��$)&(��ELW�LV�VHW��$XWR�)ORZ�&RQWURO�IHDWXUHV�
DUH�HQDEOHG�DV�GHVFULEHG�LQ��$XWR�)ORZ�&RQWURO�� 
�
E���$XWR�)ORZ�&RQWURO�0RGH�GLVDEOHG 
�
E���$XWR�)ORZ�&RQWURO�0RGH�HQDEOHG 

� 5: �[� 

ORRSEDFN 
/RRS%DFN�%LW��7KLV�LV�XVHG�WR�SXW�WKH�8$57�LQWR�D�GLDJQRVWLF�PRGH�
IRU�WHVW�SXUSRVHV��,I�RSHUDWLQJ�LQ�8$57�PRGH��6,5B02'(�� �
(QDEOHG�RU�QRW�DFWLYH��0&5>�@�VHW�WR�]HUR���GDWD�RQ�WKH�VRXW�OLQH�
LV�KHOG�KLJK��ZKLOH�VHULDO�GDWD�RXWSXW�LV�ORRSHG�EDFN�WR�WKH�VLQ�
OLQH��LQWHUQDOO\��,Q�WKLV�PRGH�DOO�WKH�LQWHUUXSWV�DUH�IXOO\�IXQFWLRQDO��
$OVR��LQ�ORRSEDFN�PRGH��WKH�PRGHP�FRQWURO�LQSXWV��GVUBQ��FWVBQ��
ULBQ��GFGBQ��DUH�GLVFRQQHFWHG�DQG�WKH�PRGHP�FRQWURO�RXWSXWV�
�GWUBQ��UWVBQ��RXW�BQ��RXW�BQ��DUH�ORRSHG�EDFN�WR�WKH�LQSXWV��
LQWHUQDOO\��,I�RSHUDWLQJ�LQ�LQIUDUHG�PRGH��6,5B02'(�  �(QDEOHG�
$1'�DFWLYH��0&5>�@�VHW�WR�RQH���GDWD�RQ�WKH�VLUBRXWBQ�OLQH�LV�KHOG�
ORZ��ZKLOH�VHULDO�GDWD�RXWSXW�LV�LQYHUWHG�DQG�ORRSHG�EDFN�WR�WKH�
VLUBLQ�OLQH� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

RXW� 
287���7KLV�LV�XVHG�WR�GLUHFWO\�FRQWURO�WKH�XVHU�GHVLJQDWHG�
2XWSXW���RXW�BQ��RXWSXW��7KH�YDOXH�ZULWWHQ�WR�WKLV�ORFDWLRQ�LV�
LQYHUWHG�DQG�GULYHQ�RXW�RQ�RXW�BQ��WKDW�LV� 
�
E���2XW�BQ�GH�DVVHUWHG��ORJLF��� 
�
E���2XW�BQ�DVVHUWHG��ORJLF��� 
1RWH�WKDW�LQ�/RRSEDFN�PRGH��0&5>�@�VHW�WR�RQH���WKH�RXW�BQ�
RXWSXW�LV�KHOG�LQDFWLYH�KLJK�ZKLOH�WKH�YDOXH�RI�WKLV�ORFDWLRQ�LV�
LQWHUQDOO\�ORRSHG�EDFN�WR�DQ�LQSXW� 

� 5: �[� 

RXW� 
287���7KLV�LV�XVHG�WR�GLUHFWO\�FRQWURO�WKH�XVHU�GHVLJQDWHG�
2XWSXW���RXW�BQ��RXWSXW��7KH�YDOXH�ZULWWHQ�WR�WKLV�ORFDWLRQ�LV�
LQYHUWHG�DQG�GULYHQ�RXW�RQ�RXW�BQ��WKDW�LV� 
�
E���2XW�BQ�GH�DVVHUWHG��ORJLF��� 
�
E���2XW�BQ�DVVHUWHG��ORJLF��� 
1RWH�WKDW�LQ�/RRSEDFN�PRGH��0&5>�@�VHW�WR�RQH���WKH�RXW�BQ�
RXWSXW�LV�KHOG�LQDFWLYH�KLJK�ZKLOH�WKH�YDOXH�RI�WKLV�ORFDWLRQ�LV�
LQWHUQDOO\�ORRSHG�EDFN�WR�DQ�LQSXW� 

� 5: �[� 

UHTBWRBVHQG 
5HTXHVW�WR�6HQG��7KLV�LV�XVHG�WR�GLUHFWO\�FRQWURO�WKH�5HTXHVW�WR�
6HQG��UWVBQ��RXWSXW��7KH�5HTXHVW�7R�6HQG��UWVBQ��RXWSXW�LV�XVHG�
WR�LQIRUP�WKH�PRGHP�RU�GDWD�VHW�WKDW�WKH�8$57�LV�UHDG\�WR�
H[FKDQJH�GDWD��:KHQ�$XWR�576�)ORZ�&RQWURO�LV�QRW�HQDEOHG�
�0&5>�@�VHW�WR�]HUR���WKH�UWVBQ�VLJQDO�LV�VHW�ORZ�E\�SURJUDPPLQJ�
0&5>�@��576��WR�D�KLJK�,Q�$XWR�)ORZ�&RQWURO��$)&(B02'(�  �
(QDEOHG�DQG�DFWLYH��0&5>�@�VHW�WR�RQH��DQG�),)2V�HQDEOH�
�)&5>�@�VHW�WR�RQH���WKH�UWVBQ�RXWSXW�LV�FRQWUROOHG�LQ�WKH�VDPH�
ZD\��EXW�LV�DOVR�JDWHG�ZLWK�WKH�UHFHLYHU�),)2�WKUHVKROG�WULJJHU�
�UWVBQ�LV�LQDFWLYH�KLJK�ZKHQ�DERYH�WKH�WKUHVKROG���7KH�UWVBQ�
VLJQDO�LV�GH�DVVHUWHG�ZKHQ�0&5>�@�LV�VHW�ORZ��1RWH�WKDW�LQ�
/RRSEDFN�PRGH��0&5>�@�VHW�WR�RQH���WKH�UWVBQ�RXWSXW�LV�KHOG�
LQDFWLYH�KLJK�ZKLOH�WKH�YDOXH�RI�WKLV�ORFDWLRQ�LV�LQWHUQDOO\�ORRSHG�
EDFN�WR�DQ�LQSXW� 

� 5: �[� 

GDWDBWHUPLQDOBUHDG\ 
'DWD�7HUPLQDO�5HDG\��7KLV�LV�XVHG�WR�GLUHFWO\�FRQWURO�WKH�'DWD�
7HUPLQDO�5HDG\��GWUBQ��RXWSXW��7KH�YDOXH�ZULWWHQ�WR�WKLV�ORFDWLRQ�
LV�LQYHUWHG�DQG�GULYHQ�RXW�RQ�GWUBQ��WKDW�LV� 
�
E���GWUBQ�GH�DVVHUWHG��ORJLF��� 
�
E���GWUBQ�DVVHUWHG��ORJLF��� 
7KH�'DWD�7HUPLQDO�5HDG\�RXWSXW�LV�XVHG�WR�LQIRUP�WKH�PRGHP�RU�
GDWD�VHW�WKDW�WKH�8$57�LV�UHDG\�WR�HVWDEOLVK�FRPPXQLFDWLRQV��
1RWH�WKDW�LQ�/RRSEDFN�PRGH��0&5>�@�VHW�WR�RQH���WKH�GWUBQ�
RXWSXW�LV�KHOG�LQDFWLYH 

 
8$57B/65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  795 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

UHFHLYHUBILIRBHUURU 
5HFHLYHU�),)2�(UURU�ELW��7KLV�ELW�LV�RQO\�UHOHYDQW�ZKHQ�
),)2B02'(�� �121(�$1'�),)2V�DUH�HQDEOHG��)&5>�@�VHW�WR�
RQH���7KLV�LV�XVHG�WR�LQGLFDWH�LI�WKHUH�LV�DW�OHDVW�RQH�SDULW\�HUURU��
IUDPLQJ�HUURU��RU�EUHDN�LQGLFDWLRQ�LQ�WKH�),)2� 
�
E���1R�HUURU�LQ�5;�),)2 
�
E���(UURU�LQ�5;�),)2 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�/65�LV�UHDG�DQG�WKH�FKDUDFWHU�ZLWK�
WKH�HUURU�LV�DW�WKH�WRS�RI�WKH�UHFHLYHU�),)2�DQG�WKHUH�DUH�QR�
VXEVHTXHQW�HUURUV�LQ�WKH�),)2� 

� 52 �[� 

WUDQVBHPSW\ 
7UDQVPLWWHU�(PSW\�ELW��,I�LQ�),)2�PRGH��),)2B02'(�� �121(��
DQG�),)2V�HQDEOHG��)&5>�@�VHW�WR�RQH���WKLV�ELW�LV�VHW�ZKHQHYHU�
WKH�7UDQVPLWWHU�6KLIW�5HJLVWHU�DQG�WKH�),)2�DUH�ERWK�HPSW\��,I�LQ�
QRQ�),)2�PRGH�RU�),)2V�DUH�GLVDEOHG��WKLV�ELW�LV�VHW�ZKHQHYHU�WKH�
7UDQVPLWWHU�+ROGLQJ�5HJLVWHU�DQG�WKH�7UDQVPLWWHU�6KLIW�5HJLVWHU�
DUH�ERWK�HPSW\� 

� 52 �[� 

WUDQVBKROGBUHJBHPSW\ 
7UDQVPLW�+ROGLQJ�5HJLVWHU�(PSW\�ELW��,I�7+5(B02'(B86(5�  �
'LVDEOHG�RU�7+5(�PRGH�LV�GLVDEOHG��,(5>�@�VHW�WR�]HUR��DQG�
UHJDUGOHVV�RI�),)2
V�EHLQJ�LPSOHPHQWHG�HQDEOHG�RU�QRW��WKLV�ELW�
LQGLFDWHV�WKDW�WKH�7+5�RU�7;�),)2�LV�HPSW\� 
7KLV�ELW�LV�VHW�ZKHQHYHU�GDWD�LV�WUDQVIHUUHG�IURP�WKH�7+5�RU�7;�
),)2�WR�WKH�WUDQVPLWWHU�VKLIW�UHJLVWHU�DQG�QR�QHZ�GDWD�KDV�EHHQ�
ZULWWHQ�WR�WKH�7+5�RU�7;�),)2��7KLV�DOVR�FDXVHV�D�7+5(�,QWHUUXSW�
WR�RFFXU��LI�WKH�7+5(�,QWHUUXSW�LV�HQDEOHG��,I�7+5(B02'(B86(5�
  �(QDEOHG�$1'�),)2B02'(�� �121(�DQG�ERWK�PRGHV�DUH�
DFWLYH��,(5>�@�VHW�WR�RQH�DQG�)&5>�@�VHW�WR�RQH�UHVSHFWLYHO\���WKH�
IXQFWLRQDOLW\�LV�VZLWFKHG�WR�LQGLFDWH�WKH�WUDQVPLWWHU�),)2�LV�IXOO��
DQG�QR�ORQJHU�FRQWUROV�7+5(�LQWHUUXSWV��ZKLFK�DUH�WKHQ�FRQWUROOHG�
E\�WKH�)&5>���@�WKUHVKROG�VHWWLQJ� 

� 52 �[� 

EUHDNBLQW 
%UHDN�,QWHUUXSW�ELW��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�GHWHFWLRQ�RI�D�
EUHDN�VHTXHQFH�RQ�WKH�VHULDO�LQSXW�GDWD��,I�LQ�8$57�PRGH�
�6,5B02'(�  �'LVDEOHG���LW�LV�VHW�ZKHQHYHU�WKH�VHULDO�LQSXW��VLQ��
LV�KHOG�LQ�D�ORJLF�
�
�VWDWH�IRU�ORQJHU�WKDQ�WKH�VXP�RI�VWDUW�WLPH���
GDWD�ELWV���SDULW\���VWRS�ELWV��,I�LQ�LQIUDUHG�PRGH��6,5B02'(�  �
(QDEOHG���LW�LV�VHW�ZKHQHYHU�WKH�VHULDO�LQSXW��VLUBLQ��LV�
FRQWLQXRXVO\�SXOVHG�WR�ORJLF�
�
�IRU�ORQJHU�WKDQ�WKH�VXP�RI�VWDUW�
WLPH���GDWD�ELWV���SDULW\���VWRS�ELWV��$�EUHDN�FRQGLWLRQ�RQ�VHULDO�
LQSXW�FDXVHV�RQH�DQG�RQO\�RQH�FKDUDFWHU��FRQVLVWLQJ�RI�DOO�]HURV��
WR�EH�UHFHLYHG�E\�WKH�8$57��,Q�WKH�),)2�PRGH��WKH�FKDUDFWHU�
DVVRFLDWHG�ZLWK�WKH�EUHDN�FRQGLWLRQ�LV�FDUULHG�WKURXJK�WKH�),)2�
DQG�LV�UHYHDOHG�ZKHQ�WKH�FKDUDFWHU�LV�DW�WKH�WRS�RI�WKH�),)2��
5HDGLQJ�WKH�/65�FOHDUV�WKH�%,�ELW��,Q�WKH�QRQ�),)2�PRGH��WKH�%,�
LQGLFDWLRQ�RFFXUV�LPPHGLDWHO\�DQG�SHUVLVWV�XQWLO�WKH�/65�LV�UHDG� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  796 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

IUDPLQJBHUURU 
)UDPLQJ�(UURU�ELW��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�RFFXUUHQFH�RI�D�
IUDPLQJ�HUURU�LQ�WKH�UHFHLYHU��$�IUDPLQJ�HUURU�RFFXUV�ZKHQ�WKH�
UHFHLYHU�GRHV�QRW�GHWHFW�D�YDOLG�6723�ELW�LQ�WKH�UHFHLYHG�GDWD��,Q�
WKH�),)2�PRGH��VLQFH�WKH�IUDPLQJ�HUURU�LV�DVVRFLDWHG�ZLWK�D�
FKDUDFWHU�UHFHLYHG��LW�LV�UHYHDOHG�ZKHQ�WKH�FKDUDFWHU�ZLWK�WKH�
IUDPLQJ�HUURU�LV�DW�WKH�WRS�RI�WKH�),)2��:KHQ�D�IUDPLQJ�HUURU�
RFFXUV��WKH�8$57�WULHV�WR�UHV\QFKURQL]H��,W�GRHV�WKLV�E\�DVVXPLQJ�
WKDW�WKH�HUURU�ZDV�GXH�WR�WKH�VWDUW�ELW�RI�WKH�QH[W�FKDUDFWHU�DQG�
WKHQ�FRQWLQXHV�UHFHLYLQJ�WKH�RWKHU�ELW�L�H��GDWD��DQG�RU�SDULW\�DQG�
VWRS��,W�VKRXOG�EH�QRWHG�WKDW�WKH�)UDPLQJ�(UURU��)(��ELW��/65>�@��
LV�VHW�LI�D�EUHDN�LQWHUUXSW�KDV�RFFXUUHG��DV�LQGLFDWHG�E\�%UHDN�
,QWHUUXSW��%,��ELW��/65>�@�� 
�
E���1R�IUDPLQJ�HUURU 
�
E���)UDPLQJ�HUURU 
5HDGLQJ�WKH�/65�FOHDUV�WKH�)(�ELW� 

� 52 �[� 

SDULW\BHURU 
3DULW\�(UURU�ELW��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�RFFXUUHQFH�RI�D�SDULW\�
HUURU�LQ�WKH�UHFHLYHU�LI�WKH�3DULW\�(QDEOH��3(1��ELW��/&5>�@��LV�VHW��
,Q�WKH�),)2�PRGH��VLQFH�WKH�SDULW\�HUURU�LV�DVVRFLDWHG�ZLWK�D�
FKDUDFWHU�UHFHLYHG��LW�LV�UHYHDOHG�ZKHQ�WKH�FKDUDFWHU�ZLWK�WKH�
SDULW\�HUURU�DUULYHV�DW�WKH�WRS�RI�WKH�),)2��,W�VKRXOG�EH�QRWHG�WKDW�
WKH�3DULW\�(UURU��3(��ELW��/65>�@��LV�VHW�LI�D�EUHDN�LQWHUUXSW�KDV�
RFFXUUHG��DV�LQGLFDWHG�E\�%UHDN�,QWHUUXSW��%,��ELW��/65>�@�� 
�
E���1R�SDULW\�HUURU 
�
E���3DULW\�HUURU 
5HDGLQJ�WKH�/65�FOHDUV�WKH�3(�ELW� 

� 52 �[� 

RYHUUXQBHUURU 
2YHUUXQ�HUURU�ELW��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�RFFXUUHQFH�RI�DQ�
RYHUUXQ�HUURU��7KLV�RFFXUV�LI�D�QHZ�GDWD�FKDUDFWHU�ZDV�UHFHLYHG�
EHIRUH�WKH�SUHYLRXV�GDWD�ZDV�UHDG��,Q�WKH�QRQ�),)2�PRGH��WKH�2(�
ELW�LV�VHW�ZKHQ�D�QHZ�FKDUDFWHU�DUULYHV�LQ�WKH�UHFHLYHU�EHIRUH�WKH�
SUHYLRXV�FKDUDFWHU�ZDV�UHDG�IURP�WKH�5%5��:KHQ�WKLV�KDSSHQV��
WKH�GDWD�LQ�WKH�5%5�LV�RYHUZULWWHQ��,Q�WKH�),)2�PRGH��DQ�RYHUUXQ�
HUURU�RFFXUV�ZKHQ�WKH�),)2�LV�IXOO�DQG�D�QHZ�FKDUDFWHU�DUULYHV�DW�
WKH�UHFHLYHU��7KH�GDWD�LQ�WKH�),)2�LV�UHWDLQHG�DQG�WKH�GDWD�LQ�WKH�
UHFHLYH�VKLIW�UHJLVWHU�LV�ORVW� 
�
E���1R�RYHUUXQ�HUURU 
�
E���2YHUUXQ�HUURU 
5HDGLQJ�WKH�/65�FOHDUV�WKH�2(�ELW� 

� 52 �[� 

GDWDBUHDG\ 
'DWD�5HDG\�ELW��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�UHFHLYHU�FRQWDLQV�
DW�OHDVW�RQH�FKDUDFWHU�LQ�WKH�5%5�RU�WKH�UHFHLYHU�),)2� 
�
E���1R�GDWD�UHDG\ 
�
E���'DWD�UHDG\ 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�5%5�LV�UHDG�LQ�QRQ�),)2�PRGH��RU�
ZKHQ�WKH�UHFHLYHU�),)2�LV�HPSW\��LQ�),)2�PRGH� 

 
8$57B065�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  797 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

GDWDBFDUULRUBGHWHFW 
'DWD�&DUULHU�'HWHFW��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�FXUUHQW�VWDWH�RI�
WKH�PRGHP�FRQWURO�OLQH�GFGBQ��7KLV�ELW�LV�WKH�FRPSOHPHQW�RI�
GFGBQ��:KHQ�WKH�'DWD�&DUULHU�'HWHFW�LQSXW��GFGBQ��LV�DVVHUWHG�LW�
LV�DQ�LQGLFDWLRQ�WKDW�WKH�FDUULHU�KDV�EHHQ�GHWHFWHG�E\�WKH�PRGHP�
RU�GDWD�VHW� 
�
E���GFGBQ�LQSXW�LV�GH�DVVHUWHG��ORJLF��� 
�
E���GFGBQ�LQSXW�LV�DVVHUWHG��ORJLF��� 
,Q�/RRSEDFN�0RGH��0&5>�@�VHW�WR�RQH���'&'�LV�WKH�VDPH�DV�
0&5>�@��2XW��� 

� 52 �[� 

ULQJBLQGLFDWRU 
5LQJ�,QGLFDWRU��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�FXUUHQW�VWDWH�RI�WKH�
PRGHP�FRQWURO�OLQH�ULBQ��7KLV�ELW�LV�WKH�FRPSOHPHQW�RI�ULBQ��:KHQ�
WKH�5LQJ�,QGLFDWRU�LQSXW��ULBQ��LV�DVVHUWHG�LW�LV�DQ�LQGLFDWLRQ�WKDW�D�
WHOHSKRQH�ULQJLQJ�VLJQDO�KDV�EHHQ�UHFHLYHG�E\�WKH�PRGHP�RU�GDWD�
VHW� 
�
E���ULBQ�LQSXW�LV�GH�DVVHUWHG��ORJLF��� 
�
E���ULBQ�LQSXW�LV�DVVHUWHG��ORJLF��� 
,Q�/RRSEDFN�0RGH��0&5>�@�VHW�WR�RQH���5,�LV�WKH�VDPH�DV�0&5>�@�
�2XW��� 

� 52 �[� 

GDWDBVHWBUHDG\ 
'DWD�6HW�5HDG\��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�FXUUHQW�VWDWH�RI�WKH�
PRGHP�FRQWURO�OLQH�GVUBQ��7KLV�ELW�LV�WKH�FRPSOHPHQW�RI�GVUBQ��
:KHQ�WKH�'DWD�6HW�5HDG\�LQSXW��GVUBQ��LV�DVVHUWHG�LW�LV�DQ�
LQGLFDWLRQ�WKDW�WKH�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�HVWDEOLVK�
FRPPXQLFDWLRQV�ZLWK�WKH�':BDSEBXDUW� 
�
E���GVUBQ�LQSXW�LV�GH�DVVHUWHG��ORJLF��� 
�
E���GVUBQ�LQSXW�LV�DVVHUWHG��ORJLF��� 
,Q�/RRSEDFN�0RGH��0&5>�@�VHW�WR�RQH���'65�LV�WKH�VDPH�DV�
0&5>�@��'75�� 

� 52 �[� 

FOHDUBWRBVHQG 
&OHDU�WR�6HQG��7KLV�LV�XVHG�WR�LQGLFDWH�WKH�FXUUHQW�VWDWH�RI�WKH�
PRGHP�FRQWURO�OLQH�FWVBQ��7KLV�ELW�LV�WKH�FRPSOHPHQW�RI�FWVBQ��
:KHQ�WKH�&OHDU�WR�6HQG�LQSXW��FWVBQ��LV�DVVHUWHG�LW�LV�DQ�
LQGLFDWLRQ�WKDW�WKH�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�H[FKDQJH�GDWD�
ZLWK�WKH�':BDSEBXDUW� 
�
E���FWVBQ�LQSXW�LV�GH�DVVHUWHG��ORJLF��� 
�
E���FWVBQ�LQSXW�LV�DVVHUWHG��ORJLF��� 
,Q�/RRSEDFN�0RGH��0&5>�@� �����&76�LV�WKH�VDPH�DV�0&5>�@�
�576�� 

� 52 �[� 

GHOWDBGDWDBFDUULHUBGHWHFW 
'HOWD�'DWD�&DUULHU�'HWHFW��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�
PRGHP�FRQWURO�OLQH�GFGBQ�KDV�FKDQJHG�VLQFH�WKH�ODVW�WLPH�WKH�
065�ZDV�UHDG� 
�
E���1R�FKDQJH�RQ�GFGBQ�VLQFH�ODVW�UHDG�RI�065 
�
E���&KDQJH�RQ�GFGBQ�VLQFH�ODVW�UHDG�RI�065 
5HDGLQJ�WKH�065�FOHDUV�WKH�''&'�ELW��,Q�/RRSEDFN�0RGH��0&5>�@�
 �����''&'�UHIOHFWV�FKDQJHV�RQ�0&5>�@��2XW��� 
1RWH��LI�WKH�''&'�ELW�LV�QRW�VHW�DQG�WKH�GFGBQ�VLJQDO�LV�DVVHUWHG�
�ORZ��DQG�D�UHVHW�RFFXUV��VRIWZDUH�RU�RWKHUZLVH���WKHQ�WKH�''&'�
ELW�LV�VHW�ZKHQ�WKH�UHVHW�LV�UHPRYHG�LI�WKH�GFGBQ�VLJQDO�UHPDLQV�
DVVHUWHG� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  798 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

WUDLOLQJBHGJHBULQJBLQGLFDWRU 
7UDLOLQJ�(GJH�RI�5LQJ�,QGLFDWRU��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�D�
FKDQJH�RQ�WKH�LQSXW�ULBQ��IURP�DQ�DFWLYH�ORZ�WR�DQ�LQDFWLYH�KLJK�
VWDWH��KDV�RFFXUUHG�VLQFH�WKH�ODVW�WLPH�WKH�065�ZDV�UHDG� 
�
E���1R�FKDQJH�RQ�ULBQ�VLQFH�ODVW�UHDG�RI�065 
�
E���&KDQJH�RQ�ULBQ�VLQFH�ODVW�UHDG�RI�065 
5HDGLQJ�WKH�065�FOHDUV�WKH�7(5,�ELW��,Q�/RRSEDFN�0RGH��0&5>�@�
 �����7(5, 
UHIOHFWV�ZKHQ�0&5>�@��2XW���KDV�FKDQJHG�VWDWH�IURP�D�KLJK�WR�D�
ORZ� 

� 52 �[� 

GHOWDBGDWDBVHWBUHDG\ 
'HOWD�'DWD�6HW�5HDG\��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�PRGHP�
FRQWURO�OLQH�GVUBQ�KDV�FKDQJHG�VLQFH�WKH�ODVW�WLPH�WKH�065�ZDV�
UHDG� 
�
E���1R�FKDQJH�RQ�GVUBQ�VLQFH�ODVW�UHDG�RI�065 
�
E���&KDQJH�RQ�GVUBQ�VLQFH�ODVW�UHDG�RI�065 
5HDGLQJ�WKH�065�FOHDUV�WKH�''65�ELW��,Q�/RRSEDFN�0RGH��0&5>�@�
 �����''65�UHIOHFWV�FKDQJHV�RQ�0&5>�@��'75�� 
1RWH��LI�WKH�''65�ELW�LV�QRW�VHW�DQG�WKH�GVUBQ�VLJQDO�LV�DVVHUWHG�
�ORZ��DQG�D�UHVHW�RFFXUV��VRIWZDUH�RU�RWKHUZLVH���WKHQ�WKH�''65�
ELW�LV�VHW�ZKHQ�WKH�UHVHW�LV�UHPRYHG�LI�WKH�GVUBQ�VLJQDO�UHPDLQV�
DVVHUWHG� 

� 52 �[� 

GHOWDBFOHDUBWRBVHQG 
'HOWD�&OHDU�WR�6HQG��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�PRGHP�
FRQWURO�OLQH�FWVBQ�KDV�FKDQJHG�VLQFH�WKH�ODVW�WLPH�WKH�065�ZDV�
UHDG� 
�
E���1R�FKDQJH�RQ�FWVGVUBQ�VLQFH�ODVW�UHDG�RI�065 
�
E���&KDQJH�RQ�FWVGVUBQ�VLQFH�ODVW�UHDG�RI�065�5HDGLQJ�WKH�
065�FOHDUV�WKH�'&76�ELW��,Q�/RRSEDFN�0RGH��0&5>�@� �����'&76�
UHIOHFWV�FKDQJHV�RQ�0&5>�@��576���1RWH��LI�WKH�'&76�ELW�LV�QRW�VHW�
DQG�WKH�FWVBQ�VLJQDO�LV�DVVHUWHG��ORZ��DQG�D�UHVHW�RFFXUV�
�VRIWZDUH�RU�RWKHUZLVH���WKHQ�WKH�'&76�ELW�LV�VHW�ZKHQ�WKH�UHVHW�
LV�UHPRYHG�LI�WKH�FWVBQ�VLJQDO�UHPDLQV�DVVHUWHG� 

 
8$57B6&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
WHPSBVWRUHBVSDFH 
6FUDWFKSDG�UHJLVWHU�7KLV�UHJLVWHU�LV�IRU�SURJUDPPHUV�WR�XVH�DV�D�
WHPSRUDU\�VWRUDJH�VSDFH��,W�KDV�QR�GHILQHG�SXUSRVH�LQ�WKH�
':BDSEBXDUW� 

 
8$57B65%5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  799 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[�� 

VKDGRZBUEU 
7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�5%5�DQG�KDV�EHHQ�DOORFDWHG�
VL[WHHQ����ELW�ORFDWLRQV���[����[�F��VR�DV�WR�DFFRPPRGDWH�EXUVW�
DFFHVVHV�IURP�WKH�PDVWHU��7KLV�UHJLVWHU�FRQWDLQV�WKH�GDWD�E\WH�
UHFHLYHG�RQ�WKH�VHULDO�LQSXW�SRUW��VLQ��LQ�8$57�PRGH�RU�WKH�VHULDO�
LQIUDUHG�LQSXW��VLUBLQ��LQ�LQIUDUHG�PRGH��7KH�GDWD�LQ�WKLV�UHJLVWHU�
LV�YDOLG�RQO\�LI�WKH�'DWD�5HDG\��'5��ELW�LQ�WKH�/LQH�VWDWXV�5HJLVWHU�
�/65��LV�VHW��,I�LQ�QRQ�),)2�PRGH��),)2B02'(�  �121(��RU�
),)2V�DUH�GLVDEOHG��)&5>�@�VHW�WR�]HUR���WKH�GDWD�LQ�WKH�5%5�PXVW�
EH�UHDG�EHIRUH�WKH�QH[W�GDWD�DUULYHV��RWKHUZLVH�LW�LV�RYHUZULWWHQ��
UHVXOWLQJ�LQ�DQ�RYHUUXQ�HUURU��,I�LQ�),)2�PRGH��),)2B02'(�� �
121(��DQG�),)2V�DUH�HQDEOHG��)&5>�@�VHW�WR�RQH���WKLV�UHJLVWHU�
DFFHVVHV�WKH�KHDG�RI�WKH�UHFHLYH�),)2��,I�WKH�UHFHLYH�),)2�LV�IXOO�
DQG�WKLV�UHJLVWHU�LV�QRW�UHDG�EHIRUH�WKH�QH[W�GDWD�FKDUDFWHU�
DUULYHV��WKHQ�WKH�GDWD�DOUHDG\�LQ�WKH�),)2�DUH�SUHVHUYHG��EXW�DQ\�
LQFRPLQJ�GDWD�LV�ORVW��$Q�RYHUUXQ�HUURU�DOVR�RFFXUV� 

 
8$57B67+5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� :2 �[�� 

VKDGRZBWKU 
7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�7+5�DQG�KDV�EHHQ�DOORFDWHG�
VL[WHHQ����ELW�ORFDWLRQV��[����[�F��VR�DV�WR�DFFRPPRGDWH�EXUVW�
DFFHVVHV�IURP�WKH�PDVWHU��7KLV�UHJLVWHU�FRQWDLQV�GDWD�WR�EH�
WUDQVPLWWHG�RQ�WKH�VHULDO�RXWSXW�SRUW��VRXW��LQ�8$57�PRGH�RU�WKH�
VHULDO�LQIUDUHG�RXWSXW��VLUBRXWBQ��LQ�LQIUDUHG�PRGH��'DWD�VKRXOG�
RQO\�EH�ZULWWHQ�WR�WKH�7+5�ZKHQ�WKH�7+5�(PSW\��7+5(��ELW�
�/65>�@��LV�VHW��,I�LQ�QRQ�),)2�PRGH�RU�),)2V�DUH�GLVDEOHG�
�)&5>�@�VHW�WR�]HUR��DQG�7+5(�LV�VHW��ZULWLQJ�D�VLQJOH�FKDUDFWHU�WR�
WKH�7+5�FOHDUV�WKH�7+5(��$Q\�DGGLWLRQDO�ZULWHV�WR�WKH�7+5�EHIRUH�
WKH�7+5(�LV�VHW�DJDLQ�FDXVHV�WKH�7+5�GDWD�WR�EH�RYHUZULWWHQ��,I�LQ�
),)2�PRGH�DQG�),)2V�DUH�HQDEOHG��)&5>�@�VHW�WR�RQH��DQG�7+5(�
LV�VHW��[�QXPEHU�RI�FKDUDFWHUV�RI�GDWD�PD\�EH�ZULWWHQ�WR�WKH�7+5�
EHIRUH�WKH�),)2�LV�IXOO��7KH�QXPEHU�[��GHIDXOW ����LV�GHWHUPLQHG�
E\�WKH�YDOXH�RI�),)2�'HSWK�WKDW�\RX�VHW�GXULQJ�FRQILJXUDWLRQ��$Q\�
DWWHPSW�WR�ZULWH�GDWD�ZKHQ�WKH�),)2�LV�IXOO�UHVXOWV�LQ�WKH�ZULWH�
GDWD�EHLQJ�ORVW� 

 
8$57B)$5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

ILIRBDFFHVVBWHVWBHQ 
:ULWHV�KDYH�QR�HIIHFW�ZKHQ�),)2B$&&(66�  �1R��DOZD\V�
UHDGDEOH��7KLV�UHJLVWHU�LV�XVH�WR�HQDEOH�D�),)2�DFFHVV�PRGH�IRU�
WHVWLQJ��VR�WKDW�WKH�UHFHLYH�),)2�FDQ�EH�ZULWWHQ�E\�WKH�PDVWHU�
DQG�WKH�WUDQVPLW�),)2�FDQ�EH�UHDG�E\�WKH�PDVWHU�ZKHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG��:KHQ�),)2V�DUH�QRW�LPSOHPHQWHG�RU�
QRW�HQDEOHG�LW�DOORZV�WKH�5%5�WR�EH�ZULWWHQ�E\�WKH�PDVWHU�DQG�WKH�
7+5�WR�EH�UHDG�E\�WKH�PDVWHU� 
�
E���),)2�DFFHVV�PRGH�GLVDEOHG 
�
E���),)2�DFFHVV�PRGH�HQDEOHG 
1RWH��WKDW�ZKHQ�WKH�),)2�DFFHVV�PRGH�LV�HQDEOHG�GLVDEOHG��WKH�
FRQWURO�SRUWLRQ�RI�WKH�UHFHLYH�),)2�DQG�WUDQVPLW�),)2�LV�UHVHW�DQG�
WKH�),)2V�DUH�WUHDWHG�DV�HPSW\� 

 
8$57B7)5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 52 �[�� 

WUDQVBILIRBUHDG 
7UDQVPLW�),)2�5HDG��7KHVH�ELWV�DUH�RQO\�YDOLG�ZKHQ�),)2�DFFHVV�
PRGH�LV�HQDEOHG��)$5>�@�LV�VHW�WR�RQH���:KHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG��UHDGLQJ�WKLV�UHJLVWHU�JLYHV�WKH�GDWD�DW�
WKH�WRS�RI�WKH�WUDQVPLW�),)2��(DFK�FRQVHFXWLYH�UHDG�SRSV�WKH�
WUDQVPLW�),)2�DQG�JLYHV�WKH�QH[W�GDWD�YDOXH�WKDW�LV�FXUUHQWO\�DW�
WKH�WRS�RI�WKH�),)2� 
:KHQ�),)2V�DUH�QRW�LPSOHPHQWHG�RU�QRW�HQDEOHG��UHDGLQJ�WKLV�
UHJLVWHU�JLYHV�WKH�GDWD�LQ�WKH�7+5� 

 
8$57B5):�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

� :2 �[� 

UHFHLYHBILIRBIUDPLQJBHUURU 
5HFHLYH�),)2�)UDPLQJ�(UURU��7KHVH�ELWV�DUH�RQO\�YDOLG�ZKHQ�),)2�
DFFHVV�PRGH�LV�HQDEOHG��)$5>�@�LV�VHW�WR�RQH���:KHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG��WKLV�ELW�LV�XVHG�WR�ZULWH�IUDPLQJ�HUURU�
GHWHFWLRQ�LQIRUPDWLRQ�WR�WKH�UHFHLYH�),)2��:KHQ�),)2V�DUH�QRW�
LPSOHPHQWHG�RU�QRW�HQDEOHG��WKLV�ELW�LV�XVHG�WR�ZULWH�IUDPLQJ�
HUURU�GHWHFWLRQ�LQIRUPDWLRQ�WR�WKH�5%5� 

� :2 �[� 

UHFHLYHBILIRBSDULW\BHUURU 
5HFHLYH�),)2�3DULW\�(UURU��7KHVH�ELWV�DUH�RQO\�YDOLG�ZKHQ�),)2�
DFFHVV�PRGH�LV�HQDEOHG��)$5>�@�LV�VHW�WR�RQH���:KHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG��WKLV�ELW�LV�XVHG�WR�ZULWH�SDULW\�HUURU�
GHWHFWLRQ�LQIRUPDWLRQ�WR�WKH�UHFHLYH�),)2��:KHQ�),)2V�DUH�QRW�
LPSOHPHQWHG�RU�QRW�HQDEOHG��WKLV�ELW�LV�XVHG�WR�ZULWH�SDULW\�HUURU�
GHWHFWLRQ�LQIRUPDWLRQ�WR�WKH�5%5� 

��� :2 �[�� 

UHFHLYHBILIRBZULWH 
5HFHLYH�),)2�:ULWH�'DWD��7KHVH�ELWV�DUH�RQO\�YDOLG�ZKHQ�),)2�
DFFHVV�PRGH�LV�HQDEOHG��)$5>�@�LV�VHW�WR�RQH���:KHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG��WKH�GDWD�WKDW�LV�ZULWWHQ�WR�WKH�5):'�LV�
SXVKHG�LQWR�WKH�UHFHLYH�),)2��(DFK�FRQVHFXWLYH�ZULWH�SXVKHV�WKH�
QHZ�GDWD�WR�WKH�QH[W�ZULWH�ORFDWLRQ�LQ�WKH�UHFHLYH�),)2��:KHQ�
),)2V�DUH�QRW�LPSOHPHQWHG�RU�QRW�HQDEOHG��WKH�GDWD�WKDW�LV�
ZULWWHQ�WR�WKH�5):'�LV�SXVKHG�LQWR�WKH�5%5� 
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8$57B865�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

� 52 �[� 

UHFHLYHBILIRBIXOO 
5HFHLYH�),)2�)XOO��7KLV�ELW�LV�RQO\�YDOLG�ZKHQ�),)2B67$7�  �<(6��
7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�UHFHLYH�),)2�LV�FRPSOHWHO\�IXOO� 
�
E���5HFHLYH�),)2�QRW�IXOO 
�
E���5HFHLYH�),)2�)XOO 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�5;�),)2�LV�QR�ORQJHU�IXOO� 

� 52 �[� 

UHFHLYHBILIRBQRWBHPSW\ 
5HFHLYH�),)2�1RW�(PSW\��7KLV�ELW�LV�RQO\�YDOLG�ZKHQ�),)2B67$7�
  �<(6��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�UHFHLYH�),)2�FRQWDLQV�
RQH�RU�PRUH�HQWULHV� 
�
E���5HFHLYH�),)2�LV�HPSW\ 
�
E���5HFHLYH�),)2�LV�QRW�HPSW\ 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�5;�),)2�LV�HPSW\� 

� 52 �[� 

WUDVQBILIRBHPSW\ 
7UDQVPLW�),)2�(PSW\��7KLV�ELW�LV�RQO\�YDOLG�ZKHQ�),)2B67$7�  �
<(6��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�WUDQVPLW�),)2�LV�FRPSOHWHO\�
HPSW\� 
�
E���7UDQVPLW�),)2�LV�QRW�HPSW\ 
�
E���7UDQVPLW�),)2�LV�HPSW\ 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�7;�),)2�LV�QR�ORQJHU�HPSW\� 

� 52 �[� 

WUDQVBILIRBQRWBIXOO 
7UDQVPLW�),)2�1RW�)XOO��7KLV�ELW�LV�RQO\�YDOLG�ZKHQ�),)2B67$7�  �
<(6��7KLV�LV�XVHG�WR�LQGLFDWH�WKDW�WKH�WUDQVPLW�),)2�LQ�QRW�IXOO� 
�
E���7UDQVPLW�),)2�LV�IXOO 
�
E���7UDQVPLW�),)2�LV�QRW�IXOO 
7KLV�ELW�LV�FOHDUHG�ZKHQ�WKH�7;�),)2�LV�IXOO� 

� 52 �[� 

XDUWBEXV\ 
8$57�%XV\��7KLV�LV�LQGLFDWHV�WKDW�D�VHULDO�WUDQVIHU�LV�LQ�SURJUHVV��
ZKHQ�FOHDUHG�LQGLFDWHV�WKDW�WKH�':BDSEBXDUW�LV�LGOH�RU�LQDFWLYH� 
�
E���':BDSEBXDUW�LV�LGOH�RU�LQDFWLYH 
�
E���':BDSEBXDUW�LV�EXV\��DFWLYHO\�WUDQVIHUULQJ�GDWD� 
1RWH�WKDW�LW�LV�SRVVLEOH�IRU�WKH�8$57�%XV\�ELW�WR�EH�FOHDUHG�HYHQ�
WKRXJK�D�QHZ�FKDUDFWHU�PD\�KDYH�EHHQ�VHQW�IURP�DQRWKHU�GHYLFH��
7KDW�LV��LI�WKH�':BDSEBXDUW�KDV�QR�GDWD�LQ�7+5�DQG�5%5�DQG�
WKHUH�LV�QR�WUDQVPLVVLRQ�LQ�SURJUHVV�DQG�D�VWDUW�ELW�RI�D�QHZ�
FKDUDFWHU�KDV�MXVW�UHDFKHG�WKH�':BDSEBXDUW��7KLV�LV�GXH�WR�WKH�
IDFW�WKDW�D�YDOLG�VWDUW�LV�QRW�VHHQ�XQWLO�WKH�PLGGOH�RI�WKH�ELW�SHULRG�
DQG�WKLV�GXUDWLRQ�LV�GHSHQGHQW�RQ�WKH�EDXG�GLYLVRU�WKDW�KDV�EHHQ�
SURJUDPPHG��,I�D�VHFRQG�V\VWHP�FORFN�KDV�EHHQ�LPSOHPHQWHG�
�&/2&.B02'(�  �(QDEOHG���WKH�DVVHUWLRQ�RI�WKLV�ELW�LV�DOVR�
GHOD\HG�E\�VHYHUDO�F\FOHV�RI�WKH�VORZHU�FORFN� 

 
8$57B7)/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 
WUDQVBILIRBOHYHO 
7UDQVPLW�),)2�/HYHO��7KLV�LV�LQGLFDWHV�WKH�QXPEHU�RI�GDWD�HQWULHV�
LQ�WKH�WUDQVPLW�),)2� 

 
8$57B5)/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 52 �[�� 
UHFHLYHBILIRBOHYHO 
5HFHLYH�),)2�/HYHO��7KLV�LV�LQGLFDWHV�WKH�QXPEHU�RI�GDWD�HQWULHV�LQ�
WKH�UHFHLYH�),)2� 

 
8$57B655�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :2 �[� 

[PLWBILIRBUHVHW 
;0,7�),)2�5HVHW��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�;0,7�),)2�
5HVHW�ELW��)&5>�@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RQ�
VRIWZDUH�KDYLQJ�WR�VWRUH�SUHYLRXVO\�ZULWWHQ�)&5�YDOXHV��ZKLFK�DUH�
SUHWW\�VWDWLF��MXVW�WR�UHVHW�WKH�WUDQVPLW�),)2��7KLV�UHVHWV�WKH�
FRQWURO�SRUWLRQ�RI�WKH�WUDQVPLW�),)2�DQG�WUHDWV�WKH�),)2�DV�HPSW\��
7KLV�DOVR�GH�DVVHUWV�WKH�'0$�7;�UHTXHVW�DQG�VLQJOH�VLJQDOV�ZKHQ�
DGGLWLRQDO�'0$�KDQGVKDNLQJ�VLJQDOV�DUH�VHOHFWHG��'0$B(;75$�
  �<(6���1RWH�WKDW�WKLV�ELW�LV�
VHOI�FOHDULQJ
��,W�LV�QRW�QHFHVVDU\�WR�
FOHDU�WKLV�ELW� 

� :2 �[� 

UFYUBILIRBUHVHW 
5&95�),)2�5HVHW��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�5&95�),)2�
5HVHW�ELW��)&5>�@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RQ�
VRIWZDUH�KDYLQJ�WR�VWRUH�SUHYLRXVO\�ZULWWHQ�)&5�YDOXHV��ZKLFK�DUH�
SUHWW\�VWDWLF��MXVW�WR�UHVHW�WKH�UHFHLYH�),)2�7KLV�UHVHWV�WKH�FRQWURO�
SRUWLRQ�RI�WKH�UHFHLYH�),)2�DQG�WUHDWV�WKH�),)2�DV�HPSW\��7KLV�
DOVR�GH�DVVHUWV�WKH�'0$�5;�UHTXHVW�DQG�VLQJOH�VLJQDOV�ZKHQ�
DGGLWLRQDO�'0$�KDQGVKDNLQJ�VLJQDOV�DUH�VHOHFWHG��'0$B(;75$�
  �<(6�� 
1RWH�WKDW�WKLV�ELW�LV�
VHOI�FOHDULQJ
��,W�LV�QRW�QHFHVVDU\�WR�FOHDU�WKLV�
ELW� 

� :2 �[� 
XDUWBUHVHW 
8$57�5HVHW��7KLV�DV\QFKURQRXVO\�UHVHWV�WKH�':BDSEBXDUW�DQG�
V\QFKURQRXVO\�UHPRYHV�WKH�UHVHW�DVVHUWLRQ��)RU�D�WZR�FORFN�
LPSOHPHQWDWLRQ�ERWK�SFON�DQG�VFON�GRPDLQV�DUH�UHVHW� 

 
8$57B6576�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

VKDGRZBUHTBWRBVHQG 
6KDGRZ�5HTXHVW�WR�6HQG��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�576�
ELW��0&5>�@���WKLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RI�KDYLQJ�WR�
SHUIRUPLQJ�D�UHDG�PRGLI\�ZULWH�RQ�WKH�0&5��7KLV�LV�XVHG�WR�
GLUHFWO\�FRQWURO�WKH�5HTXHVW�WR�6HQG��UWVBQ��RXWSXW��7KH�5HTXHVW�
7R�6HQG��UWVBQ��RXWSXW�LV�XVHG�WR�LQIRUP�WKH�PRGHP�RU�GDWD�VHW�
WKDW�WKH�':BDSEBXDUW�LV�UHDG\�WR�H[FKDQJH�GDWD��:KHQ�$XWR�576�
)ORZ�&RQWURO�LV�QRW�HQDEOHG��0&5>�@� �����WKH�UWVBQ�VLJQDO�LV�VHW�
ORZ�E\�SURJUDPPLQJ�0&5>�@��576��WR�D�KLJK��,Q�$XWR�)ORZ�
&RQWURO��$)&(B02'(�  �(QDEOHG�DQG�DFWLYH��0&5>�@� ����DQG�
),)2V�HQDEOH��)&5>�@� �����WKH�UWVBQ�RXWSXW�LV�FRQWUROOHG�LQ�WKH�
VDPH�ZD\��EXW�LV�DOVR�JDWHG�ZLWK�WKH�UHFHLYHU�),)2�WKUHVKROG�
WULJJHU��UWVBQ�LV�LQDFWLYH�KLJK�ZKHQ�DERYH�WKH�WKUHVKROG���  
1RWH�WKDW�LQ�/RRSEDFN�PRGH��0&5>�@� �����WKH�UWVBQ�RXWSXW�LV�
KHOG�LQDFWLYH�KLJK�ZKLOH�WKH�YDOXH�RI�WKLV�ORFDWLRQ�LV�LQWHUQDOO\�
ORRSHG�EDFN�WR�DQ�LQSXW� 
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8$57B6%&5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

VKDGRZBEUHDNBFWUO 
6KDGRZ�%UHDN�&RQWURO�%LW��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�%UHDN�
ELW��/&5>�@���WKLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RI�KDYLQJ�WR�
SHUIRUPLQJ�D�UHDG�PRGLI\�ZULWH�RQ�WKH�/&5��7KLV�LV�XVHG�WR�FDXVH�
D�EUHDN�FRQGLWLRQ�WR�EH�WUDQVPLWWHG�WR�WKH�UHFHLYLQJ�GHYLFH��,I�VHW�
WR�RQH�WKH�VHULDO�RXWSXW�LV�IRUFHG�WR�WKH�VSDFLQJ��ORJLF����VWDWH��
:KHQ�QRW�LQ�/RRSEDFN�0RGH��DV�GHWHUPLQHG�E\�0&5>�@��WKH�VRXW�
OLQH�LV�IRUFHG�ORZ�XQWLO�WKH�%UHDN�ELW�LV�FOHDUHG��,I�6,5B02'(�  �
(QDEOHG�DQG�DFWLYH��0&5>�@� ����WKH�VLUBRXWBQ�OLQH�LV�
FRQWLQXRXVO\�SXOVHG��:KHQ�LQ�/RRSEDFN�0RGH��WKH�EUHDN�FRQGLWLRQ�
LV�LQWHUQDOO\�ORRSHG�EDFN�WR�WKH�UHFHLYHU� 

 
8$57B6'0$0�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

VKDGRZBGPDBPRGH 
6KDGRZ�'0$�0RGH��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�'0$�PRGH�
ELW��)&5>�@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RI�KDYLQJ�WR�
VWRUH�WKH�SUHYLRXVO\�ZULWWHQ�YDOXH�WR�WKH�)&5�LQ�PHPRU\�DQG�
KDYLQJ�WR�PDVN�WKLV�YDOXH�VR�WKDW�RQO\�WKH�'0$�0RGH�ELW�JHWV�
XSGDWHG��7KLV�GHWHUPLQHV�WKH�'0$�VLJQDOOLQJ�PRGH�XVHG�IRU�WKH�
GPDBW[BUHTBQ�DQG�GPDBU[BUHTBQ�RXWSXW�VLJQDOV�ZKHQ�DGGLWLRQDO�
'0$�KDQGVKDNLQJ�VLJQDOV�DUH�QRW�VHOHFWHG��'0$B(;75$�  �12�� 
�
E���0RGH�� 
�
E���0RGH�� 

 
8$57B6)(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

VKDGRZBILIRBHQ 
6KDGRZ�),)2�(QDEOH��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�),)2�
HQDEOH�ELW��)&5>�@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RI�
KDYLQJ�WR�VWRUH�WKH�SUHYLRXVO\�ZULWWHQ�YDOXH�WR�WKH�)&5�LQ�
PHPRU\�DQG�KDYLQJ�WR�PDVN�WKLV�YDOXH�VR�WKDW�RQO\�WKH�),)2�
HQDEOH�ELW�JHWV�XSGDWHG�7KLV�HQDEOHV�GLVDEOHV�WKH�WUDQVPLW��;0,7��
DQG�UHFHLYH��5&95��),)2V��,I�WKLV�ELW�LV�VHW�WR�]HUR��GLVDEOHG��DIWHU�
EHLQJ�HQDEOHG�WKHQ�ERWK�WKH�;0,7�DQG�5&95�FRQWUROOHU�SRUWLRQ�RI�
),)2V�DUH�UHVHW� 

 
8$57B657�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[� 

VKDGRZBUFYUBWULJJHU 
6KDGRZ�5&95�7ULJJHU��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�5&95�
WULJJHU�ELWV��)&5>���@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�EXUGHQ�RI�
KDYLQJ�WR�VWRUH�WKHSUHYLRXVO\�ZULWWHQ�YDOXH�WR�WKH�)&5�LQ�PHPRU\�
DQG�KDYLQJ�WR�PDVN�WKLVYDOXH�VR�WKDW�RQO\�WKH�5&95�WULJJHU�ELW�
JHWV�XSGDWHG�7KLV�LV�XVHG�WR�VHOHFW�WKH�WULJJHU�OHYHO�LQ�WKH�
UHFHLYHU�),)2�DW�ZKLFK�WKH5HFHLYHG�'DWD�$YDLODEOH�,QWHUUXSW�LV�
JHQHUDWHG��,W�DOVR�GHWHUPLQHV�ZKHQ�WKHGPDBU[BUHTBQ�VLJQDO�LV�
DVVHUWHG�ZKHQ�'0$�0RGH��)&5>�@�� ����7KH�IROORZLQJ�WULJJHU�
OHYHOV�DUH�VXSSRUWHG� 
�
E������FKDUDFWHU�LQ�WKH�),)2 
�
E����),)2�����IXOO 
�
E����),)2�����IXOO 
�
E����),)2���OHVV�WKDQ�IXOO 

 
8$57B67(7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

��� 5: �[� 

VKDGRZBW[BHPSW\BWULJJHU 
6KDGRZ�7;�(PSW\�7ULJJHU��7KLV�LV�D�VKDGRZ�UHJLVWHU�IRU�WKH�7;�
HPSW\�WULJJHU�ELWV��)&5>���@���7KLV�FDQ�EH�XVHG�WR�UHPRYH�WKH�
EXUGHQ�RI�KDYLQJ�WR�VWRUH�WKH�SUHYLRXVO\�ZULWWHQ�YDOXH�WR�WKH�)&5�
LQ�PHPRU\�DQG�KDYLQJ�WR�PDVN�WKLV�YDOXH�VR�WKDW�RQO\�WKH�7;�
HPSW\�WULJJHU�ELW�JHWV�XSGDWHG�7KLV�LV�XVHG�WR�VHOHFW�WKH�HPSW\�
WKUHVKROG�OHYHO�DW�ZKLFK�WKH�7+5(�,QWHUUXSWV�DUH�JHQHUDWHG�ZKHQ�
WKH�PRGH�LV�DFWLYH��7KH�IROORZLQJ�WULJJHU�OHYHOV�DUH�VXSSRUWHG� 
�
E����),)2�HPSW\ 
�
E������FKDUDFWHUV�LQ�WKH�),)2 
�
E����),)2�����IXOO 
�
E����),)2�����IXOO 

 
8$57B+7;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

KDOWBW[BHQ 
7KLV�UHJLVWHU�LV�XVH�WR�KDOW�WUDQVPLVVLRQV�IRU�WHVWLQJ��VR�WKDW�WKH�
WUDQVPLW�),)2�FDQ�EH�ILOOHG�E\�WKH�PDVWHU�ZKHQ�),)2V�DUH�
LPSOHPHQWHG�DQG�HQDEOHG� 
�
E���+DOW�7;�GLVDEOHG 
�
E���+DOW�7;�HQDEOHG 
1RWH��LI�),)2V�DUH�LPSOHPHQWHG�DQG�QRW�HQDEOHG��WKH�VHWWLQJ�RI�
WKH�KDOW�7;�UHJLVWHU�KDV�QR�HIIHFW�RQ�RSHUDWLRQ� 

 
8$57B'0$6$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��$�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :2 �[� 

GPDBVRIWZDUHBDFN 
7KLV�UHJLVWHU�LV�XVH�WR�SHUIRUP�D�'0$�VRIWZDUH�DFNQRZOHGJH�LI�D�
WUDQVIHU�QHHGV�WR�EH�WHUPLQDWHG�GXH�WR�DQ�HUURU�FRQGLWLRQ��)RU�
H[DPSOH��LI�WKH�'0$�GLVDEOHV�WKH�FKDQQHO��WKHQ�WKH�':BDSEBXDUW�
VKRXOG�FOHDU�LWV�UHTXHVW��7KLV�FDXVHV�WKH�7;�UHTXHVW��7;�VLQJOH��
5;�UHTXHVW�DQG�5;�VLQJOH�VLJQDOV�WR�GH�DVVHUW��1RWH�WKDW�WKLV�ELW�LV�

VHOI�FOHDULQJ
��,W�LV�QRW�QHFHVVDU\�WR�FOHDU�WKLV�ELW� 

 
8$57B&35�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[�� UHVHUYHG 

����� 52 �[�� 

ILIRBPRGH 
�
K���� 
�
K����� 
�
K����� 
WR 
�
K�������� 
�
K����
KII�UHVHUYHG 

����� 52 �[� UHVHUYHG 

�� 52 �[� 
GPDBH[WUD 
�
E���)DOVH 
�
E���7XUH 

�� 52 �[� 
XDUWBDGGBHQFRGHGBSDUDPV 
�
E���)DOVH 
�
E���7XUH 

�� 52 �[� 
VKDGRZ 
�
E���)DOVH 
�
E���7XUH 

�� 52 �[� 
ILIRBVWDW 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
ILIRBDFFHVV 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
QHZBIHDW 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
VLUBOSBPRGH 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
VLUBPRGH 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
WKUHBPRGH 
�
E���)DOVH 
�
E���7XUH 

� 52 �[� 
DIFHBPRGH 
�
E���)DOVH 
�
E���7XUH 

��� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 52 �[� 

DSEBGDWDBZLGWK 
�
E������ELWV 
�
E�������ELWV 
�
E�������ELWV 
�
E����UHVHUYHG 

 
8$57B8&9�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)�� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������D YHU 

$6&,,�YDOXH�IRU�HDFK�QXPEHU�LQ�WKH�YHUVLRQ� 
 
8$57B&75�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[��)&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� SHULSKHUDOBLG 7KLV�UHJLVWHU�FRQWDLQV�WKH�SHULSKHUDOV�LGHQWLILFDWLRQ�FRGH� 
 
 

25.5 Interface Description 
7DEOH�����8$57�,QWHUIDFH�'HVFULSWLRQ 

0RGXOH�3LQ 'LU� 3DG�1DPH ,208;�6HWWLQJ 

UART0mux0 Interface 

uart0_sin I PWM1_M0/GPUAVS/UART0_RX/GPIO0_C0_d PMUGRF_GPIO0C_IOMUX_SEL_L[3:0]=4'h3 

uart0_sout O PWM2_M0/NPUAVS/UART0_TX/MCU_JTAG_TDI/GPIO

0_C1_d 

PMUGRF_GPIO0C_IOMUX_SEL_L[7:4]=4'h3 

uart0_cts_n I HDMITX_CEC_M1/PWM0_M1/UART0_CTSn/GPIO0_C

7_d 

PMUGRF_GPIO0C_IOMUX_SEL_H[15:12]=4'

h3 

uart0_rts_n O PWM5/SPI0_CS1_M0/UART0_RTSn/GPIO0_C4_d PMUGRF_GPIO0C_IOMUX_SEL_H[3:0]=4'h3 

UART1mux0 Interface 

uart1_sin I GMAC0_TXD0/UART1_RX_M0/GPIO2_B3_u GRF_GPIO2B_IOMUX_SEL_L[15:12]=4'h2 

uart1_sout O GMAC0_TXD1/UART1_TX_M0/GPIO2_B4_u GRF_GPIO2B_IOMUX_SEL_H[3:0]=4'h2 

uart1_cts_n I GMAC0_RXD0/UART1_CTSn_M0/SPI1_MISO_M0/GPI

O2_B6_u 

GRF_GPIO2B_IOMUX_SEL_H[11:8]=4'h2 

uart1_rts_n O GMAC0_TXEN/UART1_RTSn_M0/SPI1_CLK_M0/GPIO

2_B5_u 

GRF_GPIO2B_IOMUX_SEL_H[7:4]=4'h2 

UART1mux1 Interface 

uart1_sin I CIF_D9/EBC_SDDO9/GMAC1_TXD3_M1/UART1_RX_

M1/PDM_SDI0_M1/GPIO3_D7_d 

GRF_GPIO3D_IOMUX_SEL_H[15:12]=4'h4 

uart1_sout O CIF_D8/EBC_SDDO8/GMAC1_TXD2_M1/UART1_TX_

M1/PDM_CLK0_M1/GPIO3_D6_d 

GRF_GPIO3D_IOMUX_SEL_H[11:8]=4'h4 

uart1_cts_n I CIF_CLKIN/EBC_SDCLK/GMAC1_MCLKINOUT_M1/UA

RT1_CTSn_M1/I2S2_SCLK_RX_M1/GPIO4_C1_d 

GRF_GPIO4C_IOMUX_SEL_L[7:4]=4'h4 

uart1_rts_n O CIF_HREF/EBC_SDLE/GMAC1_MDC_M1/UART1_RTS

n_M1/I2S2_MCLK_M1/GPIO4_B6_d 

GRF_GPIO4B_IOMUX_SEL_H[11:8]=4'h4 

UART2mux0 Interface 

uart2_sin I UART2_RX_M0/GPIO0_D0_u PMUGRF_GPIO0D_IOMUX_SEL_L[3:0]=4'h1 
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uart2_sout O UART2_TX_M0/GPIO0_D1_u GRF_GPIO0D_IOMUX_SEL_L[7:4]=4'h1 

UART2mux1 Interface 

uart2_sin I SDMMC0_D1/UART2_RX_M1/UART6_RX_M1/PWM9_

M1/GPIO1_D6_u 

GRF_GPIO1D_IOMUX_SEL_H[11:8]=4'h2 

uart2_sout O SDMMC0_D0/UART2_TX_M1/UART6_TX_M1/PWM8_

M1/GPIO1_D5_u 

GRF_GPIO1D_IOMUX_SEL_H[7:4]=4'h2 

UART3mux0 Interface 

uart3_sin I I2C3_SDA_M0/UART3_RX_M0/CAN1_RX_M0/AUDIO

PWM_LOUT_P/ACODEC_ADC_DATA/GPIO1_A0_u 

GRF_GPIO1A_IOMUX_SEL_L[3:0]=4'h2 

uart3_sout O I2C3_SCL_M0/UART3_TX_M0/CAN1_TX_M0/AUDIOP

WM_LOUT_N/ACODEC_ADC_CLK/GPIO1_A1_u 

GRF_GPIO1A_IOMUX_SEL_L[7:4]=4'h2 

uart3_cts_n I I2S1_SCLK_TX_M0/UART3_CTSn_M0/SCR_IO/PCIE3

0X1_WAKEn_M2/ACODEC_DAC_CLK/GPIO1_A3_d 

GRF_GPIO1A_IOMUX_SEL_L[15:12]=4'h2 

uart3_rts_n O I2S1_MCLK_M0/UART3_RTSn_M0/SCR_CLK/PCIE30

X1_PERSTn_M2/GPIO1_A2_d 

GRF_GPIO1A_IOMUX_SEL_L[11:8]=4'h2 

UART3mux1 Interface 

uart3_sin I LCDC_D23/PWM13_M0/GMAC1_MCLKINOUT_M0/UA

RT3_RX_M1/PDM_SDI3_M2/GPIO3_C0_d 

GRF_GPIO3C_IOMUX_SEL_L[3:0]=4'h4 

uart3_sout O LCDC_D22/PWM12_M0/GMAC1_TXEN_M0/UART3_T

X_M1/PDM_SDI2_M2/GPIO3_B7_d 

GRF_GPIO3B_IOMUX_SEL_H[15:12]=4'h4 

UART4mux0 Interface 

uart4_sin I I2S1_SCLK_RX_M0/UART4_RX_M0/PDM_CLK1_M0/S

PDIF_TX_M0/GPIO1_A4_d 

GRF_GPIO1A_IOMUX_SEL_H[3:0]=4'h2 

uart4_sout O I2S1_LRCK_RX_M0/UART4_TX_M0/PDM_CLK0_M0/A

UDIOPWM_ROUT_P/GPIO1_A6_d 

GRF_GPIO1A_IOMUX_SEL_H[11:8]=4'h2 

uart4_cts_n I I2S1_SDO0_M0/UART4_CTSn_M0/SCR_DET/AUDIOP

WM_ROUT_N/ACODEC_DAC_DATAL/GPIO1_A7_d 

GRF_GPIO1A_IOMUX_SEL_H[15:12]=4'h2 

uart4_rts_n O I2S1_LRCK_TX_M0/UART4_RTSn_M0/SCR_RST/PCIE

30X1_CLKREQn_M2/ACODEC_DAC_SYNC/GPIO1_A5

_d 

GRF_GPIO1A_IOMUX_SEL_H[7:4]=4'h2 

UART4mux1 Interface 

uart4_sin I LCDC_D16/VOP_BT1120_D7/GMAC1_RXD0_M0/UAR

T4_RX_M1/PWM8_M0/GPIO3_B1_d 

GRF_GPIO3B_IOMUX_SEL_L[7:4]=4'h4 

uart4_sout O LCDC_D17/VOP_BT1120_D8/GMAC1_RXD1_M0/UAR

T4_TX_M1/PWM9_M0/GPIO3_B2_d 

GRF_GPIO3B_IOMUX_SEL_L[11:8]=4'h4 

UART5mux0 Interface 

uart5_sin I SDMMC0_CMD/PWM10_M1/UART5_RX_M0/CAN0_TX

_M1/GPIO2_A1_u 

GRF_GPIO2A_IOMUX_SEL_L[7:4]=4'h3 

uart5_sout O SDMMC0_CLK/TEST_CLKOUT/UART5_TX_M0/CAN0_

RX_M1/GPIO2_A2_d 

GRF_GPIO2A_IOMUX_SEL_L[11:8]=4'h3 

uart5_cts_n I SDMMC0_D2/JTAG_TCK/UART5_CTSn_M0/GPIO1_D

7_u 

GRF_GPIO1D_IOMUX_SEL_H[15:12]=4'h3 

uart5_rts_n O SDMMC0_D3/JTAG_TMS/UART5_RTSn_M0/GPIO2_A

0_u 

GRF_GPIO2A_IOMUX_SEL_L[3:0]=4'h3 

UART5mux1 Interface 

uart5_sin I LCDC_DEN/VOP_BT1120_D15/SPI1_CLK_M1/UART5 GRF_GPIO3C_IOMUX_SEL_L[15:12]=4'h4 
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_RX_M1/I2S1_SCLK_RX_M2/GPIO3_C3_d 

uart5_sout O LCDC_VSYNC/VOP_BT1120_D14/SPI1_MISO_M1/UA

RT5_TX_M1/I2S1_SDO3_M2/GPIO3_C2_d 

GRF_GPIO3C_IOMUX_SEL_L[11:8]=4'h4 

UART6mux0 Interface 

uart6_sin I SDMMC1_D0/GMAC0_RXD2/UART6_RX_M0/GPIO2_

A3_u 

GRF_GPIO2A_IOMUX_SEL_L[15:12]=4'h3 

uart6_sout O SDMMC1_D1/GMAC0_RXD3/UART6_TX_M0/GPIO2_A

4_u 

GRF_GPIO2A_IOMUX_SEL_H[3:0]=4'h3 

uart6_cts_n I I2S2_LRCK_RX_M0/GMAC0_RXDV_CRS/UART6_CTS

n_M0/SPI1_CS0_M0/GPIO2_C0_d 

GRF_GPIO2C_IOMUX_SEL_L[3:0]=4'h3 

uart6_rts_n O I2S2_SCLK_RX_M0/GMAC0_RXD1/UART6_RTSn_M0

/SPI1_MOSI_M0/GPIO2_B7_d 

GRF_GPIO2B_IOMUX_SEL_H[15:12]=4'h3 

UART6mux1 Interface 

uart6_sin I SDMMC0_D1/UART2_RX_M1/UART6_RX_M1/PWM9_

M1/GPIO1_D6_u 

GRF_GPIO1D_IOMUX_SEL_H[11:8]=4'h3 

uart6_sout O SDMMC0_D0/UART2_TX_M1/UART6_TX_M1/PWM8_

M1/GPIO1_D5_u 

GRF_GPIO1D_IOMUX_SEL_H[7:4]=4'h3 

UART7mux0 Interface 

uart7_sin I SDMMC1_D2/GMAC0_RXCLK/UART7_RX_M0/GPIO2_

A5_u 

GRF_GPIO2A_IOMUX_SEL_H[7:4]=4'h3 

uart7_sout O SDMMC1_D3/GMAC0_TXD2/UART7_TX_M0/GPIO2_A

6_u 

GRF_GPIO2A_IOMUX_SEL_H[11:8]=4'h3 

uart7_cts_n I I2S2_SCLK_TX_M0/GMAC0_MCLKINOUT/UART7_CT

Sn_M0/SPI2_MISO_M0/GPIO2_C2_d 

GRF_GPIO2C_IOMUX_SEL_L[11:8]=4'h3 

uart7_rts_n O I2S2_MCLK_M0/ETH0_REFCLKO_25M/UART7_RTSn_

M0/SPI2_CLK_M0/GPIO2_C1_d 

GRF_GPIO2C_IOMUX_SEL_L[7:4]=4'h3 

UART7mux1 Interface 

uart7_sin I PWM15_IR_M0/SPDIF_TX_M1/GMAC1_MDIO_M0/UA

RT7_RX_M1/I2S1_LRCK_RX_M2/GPIO3_C5_d 

GRF_GPIO3C_IOMUX_SEL_H[7:4]=4'h4 

uart7_sout O PWM14_M0/VOP_PWM_M1/GMAC1_MDC_M0/UART7

_TX_M1/PDM_CLK1_M2/GPIO3_C4_d 

GRF_GPIO3C_IOMUX_SEL_H[3:0]=4'h4 

UART7mux2 Interface 

uart7_sin I CIF_D13/EBC_SDDO13/GMAC1_RXCLK_M1/UART7_

RX_M2/PDM_SDI3_M1/GPIO4_A3_d 

GRF_GPIO4A_IOMUX_SEL_L[15:12]=4'h4 

uart7_sout O CIF_D12/EBC_SDDO12/GMAC1_RXD3_M1/UART7_T

X_M2/PDM_SDI2_M1/GPIO4_A2_d 

GRF_GPIO4A_IOMUX_SEL_L[11:8]=4'h4 

UART8mux0 Interface 

uart8_sin I CLK32K_OUT1/UART8_RX_M0/SPI1_CS1_M0/GPIO2

_C6_d 

GRF_GPIO2C_IOMUX_SEL_H[11:8]=4'h2 

uart8_sout O I2S2_SDI_M0/GMAC0_RXER/UART8_TX_M0/SPI2_C

S1_M0/GPIO2_C5_d 

GRF_GPIO2C_IOMUX_SEL_H[7:4]=4'h3 

uart8_cts_n I SDMMC1_DET/I2C4_SCL_M1/UART8_CTSn_M0/CAN

2_TX_M1/GPIO2_B2_u 

GRF_GPIO2B_IOMUX_SEL_L[11:8]=4'h3 

uart8_rts_n O SDMMC1_PWREN/I2C4_SDA_M1/UART8_RTSn_M0/C

AN2_RX_M1/GPIO2_B1_d 

GRF_GPIO2B_IOMUX_SEL_L[7:4]=4'h3 

UART8mux1 Interface 
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uart8_sin I LCDC_CLK/VOP_BT656_CLK_M0/SPI2_CLK_M1/UAR

T8_RX_M1/I2S1_SDO1_M2/GPIO3_A0_d 

GRF_GPIO3A_IOMUX_SEL_L[3:0]=4'h4 

uart8_sout O LCDC_D7/VOP_BT656_D7_M0/SPI2_MISO_M1/UART

8_TX_M1/I2S1_SDO0_M2/GPIO2_D7_d 

GRF_GPIO2D_IOMUX_SEL_H[15:12]=4'h4 

UART9mux0 Interface 

uart9_sin I SDMMC1_CMD/GMAC0_TXD3/UART9_RX_M0/GPIO2

_A7_u 

GRF_GPIO2A_IOMUX_SEL_H[15:12]=4'h3 

uart9_sout O SDMMC1_CLK/GMAC0_TXCLK/UART9_TX_M0/GPIO2

_B0_d 

GRF_GPIO2B_IOMUX_SEL_L[3:0]=4'h3 

uart9_cts_n I I2S2_SDO_M0/GMAC0_MDIO/UART9_CTSn_M0/SPI

2_CS0_M0/GPIO2_C4_d 

GRF_GPIO2C_IOMUX_SEL_H[3:0]=4'h3 

uart9_rts_n O I2S2_LRCK_TX_M0/GMAC0_MDC/UART9_RTSn_M0/

SPI2_MOSI_M0/GPIO2_C3_d 

GRF_GPIO2C_IOMUX_SEL_L[15:12]=4'h3 

UART9mux1 Interface 

uart9_sin I PWM13_M1/SPI3_CS0_M1/SATA0_ACT_LED/UART9_

RX_M1/I2S3_SDI_M1/GPIO4_C6_d 

GRF_GPIO4C_IOMUX_SEL_H[11:8]=4'h4 

uart9_sout O PWM12_M1/SPI3_MISO_M1/SATA1_ACT_LED/UART9

_TX_M1/I2S3_SDO_M1/GPIO4_C5_d 

GRF_GPIO4C_IOMUX_SEL_H[7:4]=4'h4 

UART9mux2 Interface 

uart9_sin I CIF_D15/EBC_SDDO15/GMAC1_TXD1_M1/UART9_R

X_M2/I2S2_LRCK_RX_M1/GPIO4_A5_d 

GRF_GPIO4A_IOMUX_SEL_H[7:4]=4'h4 

uart9_sout O CIF_D14/EBC_SDDO14/GMAC1_TXD0_M1/UART9_T

X_M2/I2S2_LRCK_TX_M1/GPIO4_A4_d 

GRF_GPIO4A_IOMUX_SEL_H[3:0]=4'h4 
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25.6 Application Notes 
25.6.1 None FIFO Mode Transfer Flow 

IDLE

Set  LCR[7] to 
select DLL,DLH

Set  LCR[1:0] to 
select  data width

Set  DLL,DLH to 
decide baud rate

Write data to THR
Set MCR to start 

the transfer

Wait transfer 
end

 
Fig. 25-8 UART none fifo mode 

 
25.6.2 FIFO Mode Transfer Flow 

 
 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  811 

IDLE

Set  LCR[7] to 
select DLL,DLH

Set  LCR[1:0] to 
select  data width

Set  DLL,DLH to 
decide baud rate

Write data to 
THR/STHR

Set MCR to start 
the transfer

Wait transfer 
end

Set FCR to enable 
fifo mode

 
Fig. 25-9 UART fifo mode 

7KH�8$57�LV�DQ�$3%�VODYH�SHUIRUPLQJ� 
6HULDO�WR�SDUDOOHO�FRQYHUVLRQ�RQ�GDWD�UHFHLYHG�IURP�D�SHULSKHUDO�GHYLFH� 
3DUDOOHO�WR�VHULDO�FRQYHUVLRQ�RQ�GDWD�WUDQVPLWWHG�WR�WKH�SHULSKHUDO�GHYLFH� 
7KH�&38�UHDGV�DQG�ZULWHV�GDWD�DQG�FRQWURO�VWDWXV�LQIRUPDWLRQ�WKURXJK�WKH�$3%�LQWHUIDFH��
7KH�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�SDWKV�DUH�EXIIHUHG�ZLWK�LQWHUQDO�),)2�PHPRULHV�HQDEOLQJ�XS�
WR����E\WHV�WR�EH�VWRUHG�LQGHSHQGHQWO\�LQ�ERWK�WUDQVPLW�DQG�UHFHLYH�PRGHV��$�EDXG�UDWH�
JHQHUDWRU�FDQ�JHQHUDWH�D�FRPPRQ�WUDQVPLW�DQG�UHFHLYH�LQWHUQDO�FORFN�LQSXW��7KH�EDXG�UDWHV�
ZLOO�GHSHQG�RQ�WKH�LQWHUQDO�FORFN�IUHTXHQF\��7KH�8$57�ZLOO�DOVR�SURYLGH�WUDQVPLW��UHFHLYH�DQG�
H[FHSWLRQ�LQWHUUXSWV�WR�V\VWHP��$�'0$�LQWHUIDFH�LV�LPSOHPHQWHG�IRU�LPSURYLQJ�WKH�V\VWHP�
SHUIRUPDQFH��  

25.6.3 Baud Rate Calculation 

7KH�IROORZLQJ�WDEOH�SURYLGHV�VRPH�UHIHUHQFH�FRQILJXUDWLRQ�IRU�GLIIHUHQW�8$57�EDXG�UDWHV� 
Table 25-2 UART baud rate configuration 

Baud Rate Reference Configuration 
115.2 Kbps Configure PLL to get 1.2GHz clock output; Divide 1.2GHz clock by 16 to get 75MHz clock; 

Divide 75MHz clock by 72/46875 to get 115.2KHz clock;   

460.8 Kbps Configure PLL to get 1.2GHz clock output; Divide 1.2GHz clock by 16 to get 75MHz clock; 

Divide 75MHz clock by 288/46875 to get 460.8KHz clock;   

921.6 Kbps Configure PLL to get 1.2GHz clock output; Divide 1.2GHz clock by 16 to get 75MHz clock; 

Divide 75MHz clock by 576/46875 to get 921.6KHz clock;   

1.5 Mbps Choose PLL to get 1.2GHz clock output; Divide 1.2GMHz clock by 25 to get 48MHz clock; 

Divide 48MHz clock by 32 to get 1.5MHz clock; 

3 Mbps Choose PLL to get 1.2GHz clock output; Divide 1.2GMHz clock by 25 to get 48MHz clock; 

Divide 48MHz clock by 16 to get 3MHz clock; 

4 Mbps Choose PLL to get 1.2GHz clock output; Divide 1.2GMHz clock by 25 to get 48MHz clock; 

Divide 48MHz clock by 12 to get 4MHz clock; 
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Chapter 26 Serial Peripheral Interface (SPI) 
26  

26.1 Overview 
7KH�VHULDO�SHULSKHUDO�LQWHUIDFH�LV�DQ�$3%�VODYH�GHYLFH��$�IRXU�ZLUH�IXOO�GXSOH[�VHULDO�SURWRFRO�
IURP�0RWRUROD��7KHUH�DUH�IRXU�SRVVLEOH�FRPELQDWLRQV�IRU�WKH�VHULDO�FORFN�SKDVH�DQG�SRODULW\��
7KH�FORFN�SKDVH��6&3+��GHWHUPLQHV�ZKHWKHU�WKH�VHULDO�WUDQVIHU�EHJLQV�ZLWK�WKH�IDOOLQJ�HGJH�
RI�VODYH�VHOHFW�VLJQDOV�RU�WKH�ILUVW�HGJH�RI�WKH�VHULDO�FORFN��7KH�VODYH�VHOHFW�OLQH�LV�KHOG�KLJK�
ZKHQ�WKH�63,�LV�LGOH�RU�GLVDEOHG��7KLV�63,�FRQWUROOHU�FDQ�ZRUN�DV�HLWKHU�PDVWHU�RU�VODYH�
PRGH� 
63,�&RQWUROOHU�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�0RWRUROD�63,�7,�6\QFKURQRXV�6HULDO�3URWRFRO�DQG�1DWLRQDO�6HPLFRQGXFWRU�

0LFUR�ZLUH�LQWHUIDFH 
z 6XSSRUW����ELW�$3%�EXV 
z 6XSSRUW�WZR�LQWHUQDO����ELW�ZLGH�DQG����ORFDWLRQ�GHHS�),)2V��RQH�IRU�WUDQVPLWWLQJ�DQG�

WKH�RWKHU�IRU�UHFHLYLQJ�VHULDO�GDWD 
z 6XSSRUW�WZR�FKLS�VHOHFW�VLJQDOV�LQ�PDVWHU�PRGH 
z 6XSSRUW��������ELW�VHULDO�GDWD�WUDQVIHU 
z 6XSSRUW�FRQILJXUDEOH�LQWHUUXSW�SRODULW\ 
z 6XSSRUW�DV\QFKURQRXV�$3%�EXV�DQG�63,�FORFN 
z 6XSSRUW�PDVWHU�DQG�VODYH�PRGH 
z 6XSSRUW�'0$�KDQGVKDNH�LQWHUIDFH�DQG�FRQILJXUDEOH�'0$�ZDWHU�OHYHO 
z 6XSSRUW�WUDQVPLW�),)2�HPSW\��XQGHUIORZ��UHFHLYH�),)2�IXOO��RYHUIORZ��LQWHUUXSW�DQG�DOO�

LQWHUUXSWV�FDQ�EH�PDVNHG 
z 6XSSRUW�FRQILJXUDEOH�ZDWHU�OHYHO�RI�WUDQVPLW�),)2�HPSW\�DQG�UHFHLYH�),)2�IXOO�LQWHUUXSW 
z 6XSSRUW�FRPELQH�LQWHUUXSW�RXWSXW 
z 6XSSRUW�XS�WR�KDOI�RI�63,�FORFN�IUHTXHQF\�WUDQVIHU�LQ�PDVWHU�PRGH�DQG�RQH�VL[WK�RI�63,�

FORFN�IUHTXHQF\�WUDQVIHU�LQ�VODYH�PRGH 
z 6XSSRUW�IXOO�DQG�KDOI�GXSOH[�PRGH�WUDQVIHU 
z 6WRS�WUDQVPLWWLQJ�6&/.�LI�WUDQVPLW�),)2�LV�HPSW\�RU�UHFHLYH�),)2�LV�IXOO�LQ�PDVWHU�

PRGH 
z 6XSSRUW�FRQILJXUDEOH�GHOD\�IURP�FKLS�VHOHFW�DFWLYH�WR�6&/.�DFWLYH�LQ�PDVWHU�PRGH 
z 6XSSRUW�FRQILJXUDEOH�SHULRG�RI�FKLS�VHOHFW�LQDFWLYH�EHWZHHQ�WZR�SDUDOOHO�GDWD�LQ�PDVWHU�

PRGH 
z 6XSSRUW�ELJ�DQG�OLWWOH�HQGLDQ��06%�DQG�/6%�ILUVW�WUDQVIHU 
z 6XSSRUW�WZR���ELW�DXGLR�GDWD�VWRUH�WRJHWKHU�LQ�RQH����ELW�ZLGH�ORFDWLRQ 
z 6XSSRUW�VDPSOH�5;'��a��63,�FORFN�F\FOHV�ODWHU 
z 6XSSRUW�FRQILJXUDEOH�6&/.�SRODULW\�DQG�SKDVH 
z 6XSSRUW�IL[�DQG�LQFUHPHQWDO�DGGUHVV�DFFHVV�WR�WUDQVPLW�DQG�UHFHLYH�),)2� �  
z 6XSSRUW�WLPHRXW�PHFKDQLVP�LQ�VODYH�PRGH� 
z 6XSSRUW�%<3$66�VODYH�PRGH��LQ�ZKLFK�5;�DQG�7;�ORJLF�LV�GULYH�E\�6&/.B,1�GLUHFWO\�

LQVWHDG�RI�VSLBFON� 
 

26.2 Block Diagram 
7KH�63,�&RQWUROOHU�FRPSULVHV�ZLWK� 
z $0%$�$3%�LQWHUIDFH�DQG�'0$�&RQWUROOHU�,QWHUIDFH 
z 7UDQVPLW�DQG�UHFHLYH�),)2�FRQWUROOHUV�DQG�DQ�)60�FRQWUROOHU 
z 5HJLVWHU�EORFN 
z 6KLIW�FRQWURO�DQG�LQWHUUXSW 
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APB
INTERFACE

REGISTER
BLOCK

DMA
INTERFACE

SHIFT
CONTROL

LOGIC

INTERRUPT
LOGIC

CLOCK
PRE-SCALE

TRANSMIT
FIFO

RECEIVE
FIFO

FSM
CONTROL

APB
BUS

dma_tx_req

dma_rx_req

spi_intr

spi_clk

sclk_out

txd

rxd

dma_tx_ack

dma_rx_ack

ss_in_n
mst_oe_n

ss_0_n
ss_1_n

sclk_in

 
Fig. 26-1SPI Controller Block Diagram 

$3%�,17(5)$&( 
7KH�KRVW�SURFHVVRU�DFFHVVHV�GDWD��FRQWURO��DQG�VWDWXV�LQIRUPDWLRQ�RQ�WKH�63,�WKURXJK�WKH�
$3%�LQWHUIDFH��7KH�63,�VXSSRUWV�$3%�GDWD�EXV�ZLGWKV�RI����ELWV�DQG���RU����ELWV�ZKHQ�
UHDGLQJ�RU�ZULWLQJ�LQWHUQDO�),)2�LI�GDWD�IUDPH�VL]H�63,B&75/�>���@��LV�VHW�WR���ELWV��  
'0$�,17(5)$&( 
7KLV�EORFN�KDV�D�KDQGVKDNLQJ�LQWHUIDFH�WR�D�'0$�&RQWUROOHU�WR�UHTXHVW�DQG�FRQWURO�WUDQVIHUV��
7KH�$3%�EXV�LV�XVHG�WR�SHUIRUP�WKH�GDWD�WUDQVIHU�WR�RU�IURP�WKH�'0$�&RQWUROOHU� 
),)2�/2*,& 
)RU�WUDQVPLW�DQG�UHFHLYH�WUDQVIHUV��GDWD�WUDQVPLWWHG�IURP�WKH�63,�WR�WKH�H[WHUQDO�VHULDO�
GHYLFH�LV�ZULWWHQ�LQWR�WKH�WUDQVPLW�),)2��'DWD�UHFHLYHG�IURP�WKH�H[WHUQDO�VHULDO�GHYLFH�LQWR�
WKH�63,�LV�SXVKHG�LQWR�WKH�UHFHLYH�),)2��%RWK�),)2V�DUH���[��ELWV� 
)60�&21752/ 
&RQWURO�WKH�VWDWH¶V�WUDQVIRUPDWLRQ�RI�WKH�GHVLJQ� 
5(*,67(5�%/2&. 
$OO�UHJLVWHUV�LQ�WKH�63,�DUH�DGGUHVVHG�DW����ELW�ERXQGDULHV�WR�UHPDLQ�FRQVLVWHQW�ZLWK�WKH�$3%�
EXV��:KHUH�WKH�SK\VLFDO�VL]H�RI�DQ\�UHJLVWHU�LV�OHVV�WKDQ����ELWV�ZLGH��WKH�XSSHU�XQXVHG�ELWV�
RI�WKH����ELW�ERXQGDU\�DUH�UHVHUYHG��:ULWLQJ�WR�WKHVH�ELWV�KDV�QR�HIIHFW��UHDGLQJ�IURP�WKHVH�
ELWV�UHWXUQV��� 
6+,)7�&21752/ 
6KLIW�FRQWURO�ORJLF�VKLIW�WKH�GDWD�IURP�WKH�WUDQVPLW�),)2�RU�WR�WKH�UHFHLYH�),)2��7KLV�ORJLF�
DXWRPDWLFDOO\�ULJKW�MXVWLILHV�UHFHLYH�GDWD�LQ�WKH�UHFHLYH�),)2�EXIIHU� 
,17(55837�&21752/ 
7KH�63,�VXSSRUWV�FRPELQHG�DQG�LQGLYLGXDO�LQWHUUXSW�UHTXHVWV��HDFK�RI�ZKLFK�FDQ�EH�PDVNHG��
7KH�FRPELQHG�LQWHUUXSW�UHTXHVW�LV�WKH�25�UHODWLRQVKLSEHWZHHQ�DOO�RWKHU�63,�LQWHUUXSWV�DIWHU�
PDVNLQJ� 

26.3 Function Description 

SPI Master SPI Slave

clk
cs

txd
rxd

clk
cs

txd
rxd

 
Fig. 26-2 SPI Master and Slave Interconnection 

7KH�63,�FRQWUROOHU�VXSSRUW�G\QDPLF�VZLWFKLQJ�EHWZHHQ�PDVWHU�DQG�VODYH�LQ�D�V\VWHP��7KH�
GLDJUDP�VKRZ�KRZ�WKH�63,�FRQWUROOHU�FRQQHFWV�ZLWK�RWKHU�63,�GHYLFHV� 
2SHUDWLRQ�0RGHV 
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7KH�63,�FDQ�EH�FRQILJXUHG�LQ�WKH�IROORZLQJ�WZR�IXQGDPHQWDO�PRGHV�RI�RSHUDWLRQ��0DVWHU�
0RGH�ZKHQ�63,B&75/5��>��@�LV��¶E���6ODYH�0RGH�ZKHQ�63,B&75/5��>��@�LV��¶E�� 
7UDQVIHU�0RGHV 
7KH�63,�RSHUDWHV�LQ�WKH�IROORZLQJ�WKUHH�PRGHV�ZKHQ�WUDQVIHUULQJ�GDWD�RQ�WKH�VHULDO�EXV� 
����7UDQVPLW�DQG�5HFHLYH 
:KHQ�63,B&75/5��>�����@�  ��µE����ERWK�WUDQVPLW�DQG�UHFHLYH�ORJLF�DUH�YDOLG� 
����7UDQVPLW�2QO\ 
:KHQ�63,B&75/5��>�����@�  ��µE����WKH�UHFHLYH�GDWD�DUH�LQYDOLG�DQG�VKRXOG�QRW�EH�VWRUHG�
LQ�WKH�UHFHLYH�),)2� 
����5HFHLYH�2QO\ 
:KHQ�63,B&75/5��>�����@�  ��µE����WKH�WUDQVPLW�GDWD�DUH�LQYDOLG� 
&ORFN�5DWLRV 
$�VXPPDU\�RI�WKH�IUHTXHQF\�UDWLR�UHVWULFWLRQV�EHWZHHQ�WKH�ELW�UDWH�FORFN��VFONBRXW�VFONBLQ��
DQG�WKH�63,�SHULSKHUDO�FORFN��VSLBFON��DUH�GHVFULEHG�DV� 
:KHQ�63,�&RQWUROOHU�ZRUNV�DV�PDVWHU��WKH�)VSLBFON! ���î��PD[LPXP�)VFONBRXW� 
:KHQ�63,�&RQWUROOHU�ZRUNV�DV�VODYH��WKH�)VSLBFON! ���î��PD[LPXP�)VFONBLQ� 
 
:LWK�WKH�63,��WKH�FORFN�SRODULW\��6&32/��FRQILJXUDWLRQ�SDUDPHWHU�GHWHUPLQHV�ZKHWKHU�WKH�
LQDFWLYH�VWDWH�RI�WKH�VHULDO�FORFN�LV�KLJK�RU�ORZ��7R�WUDQVPLW�GDWD��ERWK�63,�SHULSKHUDOV�PXVW�
KDYH�LGHQWLFDO�VHULDO�FORFN�SKDVH��6&3+��DQG�FORFN�SRODULW\��6&32/��YDOXHV��7KH�GDWD�IUDPH�
FDQ�EH��������ELWV�LQ�OHQJWK� 
:KHQ�WKH�FRQILJXUDWLRQ�SDUDPHWHU�6&3+� ����GDWD�WUDQVPLVVLRQ�EHJLQV�RQ�WKH�IDOOLQJ�HGJH�RI�
WKH�VODYH�VHOHFW�VLJQDO��7KH�ILUVW�GDWD�ELW�LV�FDSWXUHG�E\�WKH�PDVWHU�DQG�VODYH�SHULSKHUDOV�RQ�
WKH�ILUVW�HGJH�RI�WKH�VHULDO�FORFN��WKHUHIRUH��YDOLG�GDWD�PXVW�EH�SUHVHQW�RQ�WKH�W[G�DQG�U[G�
OLQHV�SULRU�WR�WKH�ILUVW�VHULDO�FORFN�HGJH��7KH�IROORZLQJ�WZR�ILJXUHV�VKRZ�D�WLPLQJ�GLDJUDP�IRU�
D�VLQJOH�63,�GDWD�WUDQVIHU�ZLWK�6&3+� ����7KH�VHULDO�FORFN�LV�VKRZQ�IRU�FRQILJXUDWLRQ�
SDUDPHWHUV�6&32/� ���DQG�6&32/� ��� 
 

MSB
(LSB)

LSB
(MSB)

MSB
(LSB)

LSB
(MSB)

spi0_clk/spi1_clk

spi0_txd/spi0_rxd/
spi1_txd/spi1_rxd

4/8/16bits

0/0.5/1 spi0_clk/spi1_clk cycle(s)

spi0_csn0/spi0_csn1/
spi1_csn0/spi1_csn1

 
Fig. 26-3 SPI Format (SCPH=0 SCPOL=0) 

MSB
(LSB)

LSB
(MSB)

MSB
(LSB)

LSB
(MSB)

4/8/16bits

0/0.5/1 spi0_clk/spi1_clk cycle(s)

spi0_clk/spi1_clk

spi0_txd/spi0_rxd/
spi1_txd/spi1_rxd

spi0_csn0/spi0_csn1/
spi1_csn0/spi1_csn1

 
Fig. 26-4 SPI Format (SCPH=0 SCPOL=1) 

:KHQ�WKH�FRQILJXUDWLRQ�SDUDPHWHU�6&3+� ����ERWK�PDVWHU�DQG�VODYH�SHULSKHUDOV�EHJLQ�
WUDQVPLWWLQJ�GDWD�RQ�WKH�ILUVW�VHULDO�FORFN�HGJH�DIWHU�WKH�VODYH�VHOHFW�OLQH�LV�DFWLYDWHG��7KH�
ILUVW�GDWD�ELW�LV�FDSWXUHG�RQ�WKH�VHFRQG��WUDLOLQJ��VHULDO�FORFN�HGJH��'DWD�DUH�SURSDJDWHG�E\�
WKH�PDVWHU�DQG�VODYH�SHULSKHUDOV�RQ�WKH�OHDGLQJ�HGJH�RI�WKH�VHULDO�FORFN��'XULQJ�FRQWLQXRXV�
GDWD�IUDPH�WUDQVIHUV��WKH�VODYH�VHOHFW�OLQH�PD\�EH�KHOG�DFWLYH�ORZ�XQWLO�WKH�ODVW�ELW�RI�WKH�ODVW�
IUDPH�KDV�EHHQ�FDSWXUHG��7KH�IROORZLQJ�WZR�ILJXUHV�VKRZ�WKH�WLPLQJ�GLDJUDP�IRU�WKH�63,�
IRUPDW�ZKHQ�WKH�FRQILJXUDWLRQ�SDUDPHWHU�6&3+� ��� 
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MSB
(LSB)

LSB
(MSB)

MSB
(LSB)

LSB
(MSB)

4/8/16bits

0/0.5/1 spi0_clk/spi1_clk cycle(s)

spi0_clk/spi1_clk
spi0_txd/spi0_rxd/
spi1_txd/spi1_rxd

spi0_csn0/spi0_csn1/
spi1_csn0/spi1_csn1

 
Fig. 26-5 SPI Format (SCPH=1 SCPOL=0) 

MSB
(LSB)

LSB
(MSB)

MSB
(LSB)

LSB
(MSB)

4/8/16bits

0/0.5/1 spi0_clk/spi1_clk cycle(s)

spi0_clk/spi1_clk

spi0_txd/spi0_rxd/
spi1_txd/spi1_rxd

spi0_csn0/spi0_csn1/
spi1_csn0/spi1_csn1

 
Fig. 26-6 SPI Format (SCPH=1 SCPOL=1)  

26.4 Register Description 
26.4.1 5HJLVWHUV�6XPPDU\ 

Name Offset Size Reset 
Value Description  

SPI_CTRLR0 0x0000 W 0x00400002 Control Register 0 
SPI_CTRLR1 0x0004 W 0x00000000 Control Register 1 
SPI_ENR 0x0008 W 0x00000000 SPI Enable Register 
SPI_SER 0x000c W 0x00000000 Slave Enable Register 
SPI_BAUDR 0x0010 W 0x00000000 Baud Rate Select 
SPI_TXFTLR 0x0014 W 0x00000000 Transmit FIFO Threshold Level 
SPI_RXFTLR 0x0018 W 0x00000000 Receive FIFO Threshold Level 
SPI_TXFLR 0x001c W 0x00000000 Transmit FIFO Level 
SPI_RXFLR 0x0020 W 0x00000000 Receive FIFO Level 
SPI_SR 0x0024 W 0x0000004c SPI Status 
SPI_IPR 0x0028 W 0x00000000 Interrupt Polarity 
SPI_IMR 0x002c W 0x00000000 Interrupt Mask 
SPI_ISR 0x0030 W 0x00000000 Interrupt Status 
SPI_RISR 0x0034 W 0x00000001 Raw Interrupt Status 
SPI_ICR 0x0038 W 0x00000000 Interrupt Clear 
SPI_DMACR 0x003c W 0x00000000 DMA Control 
SPI_DMATDLR 0x0040 W 0x00000000 DMA Transmit Data Level 
SPI_DMARDLR 0x0044 W 0x00000000 DMA Receive Data Level 
SPI_TIMEOUT 0x004c W 0x00000000 Timeout control register 
SPI_BYPASS 0x0050 W 0x00000000 BYPASS control register 
SPI_TXDR 0x0400 W 0x00000000 Transmit FIFO Data 
SPI_RXDR 0x0800 W 0x00000000 Receive FIFO Data 
Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access  

 
26.4.2 'HWDLO�5HJLVWHU�'HVFULSWLRQ 

SPI_CTRLR0 
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Address: Operational Base + offset (0x0000)  
Bit Attr Reset Value Description 

31:26 RO 0x00 reserved 

25 RW 0x0 

lbk 
Loop back mode select. 
1'b0: Normal mode. 
1'b1: Loop back mode,rxd is connected to txd.  

24:23 RW 0x0 

soi 
SS_N output inverted. 
1'b0: Corresponding bit of ss_in is not inverted. 
1'b1: Corresponding bit of ss_in is inverted. 

22 RW 0x0 

sm 
SCLK_IN is masked by SS_N or not. 
1'b0: SCLK_IN is masked  
1'b1: SCLK_IN is not masked 

21 RW 0x0 

mtm 
Valid when frame format is set to National Semiconductors 
Microwire. 
1'b0: Non-sequential transfer 
1'b1: Sequential transfer 

20 RW 0x0 

opm 
Master and slave mode select. 
1'b0: Master Mode 
1'b1: Slave Mode 

19:18 RW 0x0 

xfm 
Transmit and receive mode select. 
2'b00 : Transmit & Receive  
2'b01 : Transmit Only  
2'b10 : Receive Only  
2'b11 : Reserved 

17:16 RW 0x0 

frf 
2'b00: Motorola SPI  
2'b01: Texas Instruments SSP  
2'b10: National Semiconductors Microwire  
2'b11: Reserved 

15:14 RW 0x0 

rsd 
When SPI is configured as a master, if the rxd data cannot be 
sampled by the sclk_out edge at the right time, this register 
should be configured to define the number of the spi_clk cycles 
after the active sclk_out edge to sample rxd data later when SPI 
works at high frequency. 
2'b00: Do not delay 
2'b01: 1 cycle delay 
2'b10: 2 cycles delay 
2'b11: 3 cycles delay 
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Bit Attr Reset Value Description 

13 RW 0x0 

bht 
Valid when data frame size is 8bit. 
1'b0: APB 16bit write/read, spi 8bit write/read. 
1'b1: APB 8bit write/read, spi 8bit write/read. 

12 RW 0x0 
fbm 
1'b0: First bit is MSB. 
1'b1: First bit is LSB. 

11 RW 0x0 

em 
Serial endian mode can be configured by this bit. APB endian 
mode is always little endian. 
1'b0: Little endian 
1'b1: Big endian 

10 RW 0x0 

ssd 
Valid when the frame format is set to Motorola SPI and SPI used 
as a master. 
1'b0: The period between ss_n active and sclk_out active is half 
sclk_out cycles. 
1'b1: The period between ss_n active and sclk_out active is one 
sclk_out cycle. 

9:8 RW 0x0 

csm 
Valid when the frame format is set to Motorola SPI and SPI used 
as a master. 
2'b00: ss_n keep low after every frame data is transferred. 
2'b01: ss_n be high for half sclk_out cycles after every frame 
data is transferred. 
2'b10: ss_n be high for one sclk_out cycle after every frame data 
is transferred. 
2'b11: Reserved 

7 RW 0x0 

scpol 
Valid when the frame format is set to Motorola SPI. 
1'b0: Inactive state of serial clock is low. 
1'b1: Inactive state of serial clock is high. 

6 RW 0x0 

scph 
Valid when the frame format is set to Motorola SPI. 
1'b0: Serial clock toggles in middle of first data bit.  
1'b1: Serial clock toggles at start of first data bit. 
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Bit Attr Reset Value Description 

5:2 RW 0x0 

cfs 
Selects the length of the control word for the Microwire frame 
format. 
4'b0000~0010: Reserved 
4'b0011: 4-bit serial data transfer  
4'b0100: 5-bit serial data transfer  
4'b0101: 6-bit serial data transfer  
4'b0110: 7-bit serial data transfer  
4'b0111: 8-bit serial data transfer  
4'b1000: 9-bit serial data transfer  
4'b1001: 10-bit serial data transfer  
4'b1010: 11-bit serial data transfer  
4'b1011: 12-bit serial data transfer  
4'b1100: 13-bit serial data transfer  
4'b1101: 14-bit serial data transfer  
4'b1110: 15-bit serial data transfer  
4'b1111: 16-bit serial data transfer 

1:0 RW 0x2 

dfs 
Selects the data frame length. 
2'b00: 4bit data 
2'b01: 8bit data 
2'b10: 16bit data 
2'b11: Reserved 

 
SPI_CTRLR1 
Address: Operational Base + offset (0x0004)  

Bit Attr Reset Value Description 

31:0 RW 0x00000000 

ndm 
When Transfer Mode is receive only, this register field sets the 
number of data frames to be continuously received by the SPI. 
The SPI continues to receive serial data until the number of data 
frames received is equal to this register value plus 1, which 
enables you to receive up to 4GB of data in a continuous 
transfer. 

 
SPI_ENR 
Address: Operational Base + offset (0x0008)  

Bit Attr Reset Value Description 
31:1 RO 0x00000000 reserved 

0 RW 0x0 
enr 
Enables and disables all SPI operations. Transmit and receive 
FIFO buffers are cleared when the device is disabled. 

 
SPI_SER 
Address: Operational Base + offset (0x000c)  
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Bit Attr Reset Value Description 
31:2 RO 0x00000000 reserved 

1:0 RW 0x0 

ser 
Slave enable register.The register enable the individual slave 
select output lines, 2 slave-select output pins are available.This 
register is valid only when SPI is configured as a master device. 

 
SPI_BAUDR 
Address: Operational Base + offset (0x0010)  

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15:0 RW 0x0000 

baudr 
SPI Clock Divider. This register is valid only when the SPI is 
configured as a master device.The LSB for this field is always set 
to 0 and is unaffected by a write operation, which ensures an 
even value is held in this register. If the value is 0, the serial 
output clock (sclk_out) is disabled. The frequency of the sclk_out 
is derived from the following equation:  
Fsclk_out = Fspi_clk/ SCKDV  
Where SCKDV is any even value between 2 and 65534.  
For example:  
for Fspi_clk = 3.6864MHz and SCKDV =2  
Fsclk_out = 3.6864/2= 1.8432MHz 

 
SPI_TXFTLR 
Address: Operational Base + offset (0x0014)  

Bit Attr Reset Value Description 
31:6 RO 0x0000000 reserved 

5:0 RW 0x00 
xftlr 
When the number of transmit FIFO entries is less than or equal 
to this value, the transmit FIFO empty interrupt is triggered. 

 
SPI_RXFTLR 
Address: Operational Base + offset (0x0018)  

Bit Attr Reset Value Description 
31:6 RO 0x0000000 reserved 

5:0 RW 0x00 

rxftlr 
When the number of receive FIFO entries is greater than or 
equal to this value + 1, the receive FIFO full interrupt is 
triggered. 

 
SPI_TXFLR 
Address: Operational Base + offset (0x001c)  

Bit Attr Reset Value Description 
31:7 RO 0x0000000 reserved 
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Bit Attr Reset Value Description 

6:0 RO 0x00 txflr 
Contains the number of valid data entries in the transmit FIFO. 

 
SPI_RXFLR 
Address: Operational Base + offset (0x0020)  

Bit Attr Reset Value Description 
31:7 RO 0x0000000 reserved 

6:0 RO 0x00 rxflr 
Contains the number of valid data entries in the receive FIFO. 

 
SPI_SR 
Address: Operational Base + offset (0x0024)  

Bit Attr Reset Value Description 
31:7 RO 0x0000000 reserved 

6 RO 0x1 
ssi 
1'b0: ss_in_n is low. 
1'b1: ss_in_n is high. 

5 RO 0x0 
stb 
1'b0: Slave tx not busy. 
1'b1: Slave tx busy. 

4 RO 0x0 
rff 
1'b0: Receive FIFO is not full.  
1'b1: Receive FIFO is full. 

3 RO 0x1 
rfe 
1'b0: Receive FIFO is not empty.  
1'b1: Receive FIFO is empty. 

2 RO 0x1 
tfe 
1'b0: Transmit FIFO is not empty.  
1'b1: Transmit FIFO is empty. 

1 RO 0x0 
tff 
1'b0: Transmit FIFO is not full.  
1'b1: Transmit FIFO is full. 

0 RO 0x0 

bsf 
When set, indicates that a serial transfer is in progress; when 
cleared, indicates that the SPI is idle or disabled.  
1'b0: SPI is idle or disabled. 
1'b1: SPI is actively transferring data. 

 
SPI_IPR 
Address: Operational Base + offset (0x0028)  

Bit Attr Reset Value Description 
31:1 RO 0x00000000 reserved 
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Bit Attr Reset Value Description 

0 RW 0x0 

ipr 
Interrupt Polarity Register. 
1'b0: Active Interrupt Polarity Level is HIGH. 
1'b1: Active Interrupt Polarity Level is LOW. 

 
SPI_IMR 
Address: Operational Base + offset (0x002c)  

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7 RW 0x0 
txfim 
1'b0: TX finish interrupt is masked.  
1'b1: TX finish interrupt is not masked. 

6 RW 0x0 
sspim 
1'b0: ss_in_n posedege interrupt is masked.  
1'b1: ss_in_n posedege interrupt is not masked. 

5 RW 0x0 
toim 
1'b0: spi timeout interrupt is masked.  
1'b1: spi timeout interrupt is not masked. 

4 RW 0x0 
rffim 
1'b0: spi_rxf_intr interrupt is masked.  
1'b1: spi_rxf_intr interrupt is not masked. 

3 RW 0x0 
rfoim 
1'b0: spi_rxo_intr interrupt is masked.  
1'b1: spi_rxo_intr interrupt is not masked. 

2 RW 0x0 
rfuim 
1'b0: spi_rxu_intr interrupt is masked.  
1'b1: spi_rxu_intr interrupt is not masked. 

1 RW 0x0 
tfoim 
1'b0: spi_txo_intr interrupt is masked.  
1'b1: spi_txo_intr interrupt is not masked. 

0 RW 0x0 
tfeim 
1'b0: spi_txe_intr interrupt is masked.  
1'b1: spi_txe_intr interrupt is not masked. 

 
SPI_ISR 
Address: Operational Base + offset (0x0030)  

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7 RW 0x0 
txfis 
1'b0: TX finish interrupt is not active after masking. 
1'b1: TX finish interrupt is active after masking. 

6 RW 0x0 
sspis 
1'b0: ss_in_n posedege interrupt is not active after masking. 
1'b1: ss_in_n posedege interrupt is active after masking. 
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Bit Attr Reset Value Description 

5 RW 0x0 
tois 
1'b0: spi timeout interrupt is not active after masking.  
1'b1: spi timeout interrupt is active after masking. 

4 RO 0x0 
rffis 
1'b0: spi_rxf_intr interrupt is not active after masking.  
1'b1: spi_rxf_intr interrupt is full after masking. 

3 RO 0x0 
rfois 
1'b0: spi_rxo_intr interrupt is not active after masking.  
1'b1: spi_rxo_intr interrupt is active after masking. 

2 RO 0x0 
rfuis 
1'b0: spi_rxu_intr interrupt is not active after masking.  
1'b1: spi_rxu_intr interrupt is active after masking. 

1 RO 0x0 
tfois 
1'b0: spi_txo_intr interrupt is not active after masking.  
1'b1: spi_txo_intr interrupt is active after masking. 

0 RO 0x0 
tfeis 
1'b0: spi_txe_intr interrupt is not active after masking.  
1'b1: spi_txe_intr interrupt is active after masking. 

 
SPI_RISR 
Address: Operational Base + offset (0x0034)  

Bit Attr Reset Value Description 
31:8 RO 0x000000 reserved 

7 RW 0x0 
txfris 
1'b0: TX finish interrupt is not active prior to masking. 
1'b1: TX finish interrupt is active prior to masking. 

6 RW 0x0 
sspris 
1'b0: ss_in_n posedege interrupt is not active prior to masking. 
1'b1: ss_in_n posedege interrupt is active prior to masking. 

5 RW 0x0 
toris 
1'b0: spi_timeout interrupt is not active prior to masking.  
1'b1: spi_timeout interrupt is active prior to masking. 

4 RO 0x0 
rffris 
1'b0: spi_rxf_intr interrupt is not active prior to masking.  
1'b1: spi_rxf_intr interrupt is full prior to masking. 

3 RO 0x0 
rforis 
1'b0: spi_rxo_intr interrupt is not active prior to masking.  
1'b1: spi_rxo_intr interrupt is active prior to masking. 

2 RO 0x0 
rfuris 
1'b0: spi_rxu_intr interrupt is not active prior to masking.  
1'b1: spi_rxu_intr interrupt is active prior to masking. 

1 RO 0x0 
tforis 
1'b0: spi_txo_intr interrupt is not active prior to masking.  
1'b1: spi_txo_intr interrupt is active prior to masking. 
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Bit Attr Reset Value Description 

0 RO 0x1 
tferis 
1'b0: spi_txe_intr interrupt is not active prior to masking.  
1'b1: spi_txe_intr interrupt is active prior to masking. 

 
SPI_ICR 
Address: Operational Base + offset (0x0038)  

Bit Attr Reset Value Description 
31:7 RO 0x0000000 reserved 

6 WO 0x0 ctxfi 
Write 1 to Clear tx finish Interrupt. 

5 WO 0x0 csspi 
Write 1 to Clear ss_in_n posdege  Interrupt. 

4 WO 0x0 ctoi 
Write 1 to Clear Timeout Interrupt. 

3 WO 0x0 ctfoi 
Write 1 to Clear Transmit FIFO Overflow Interrupt. 

2 WO 0x0 crfoi 
Write 1 to Clear Receive FIFO Overflow Interrupt. 

1 WO 0x0 crfui 
Write 1 to Clear Receive FIFO Underflow Interrupt. 

0 WO 0x0 cci 
Write 1 to Clear Combined Interrupt. 

 
SPI_DMACR 
Address: Operational Base + offset (0x003c)  

Bit Attr Reset Value Description 
31:2 RO 0x00000000 reserved 

1 RW 0x0 
tde 
1'b0: Transmit DMA disabled.  
1'b1: Transmit DMA enabled. 

0 RW 0x0 
rde 
1'b0: Receive DMA disabled.  
1'b1: Receive DMA enabled. 

 
SPI_DMATDLR 
Address: Operational Base + offset (0x0040)  

Bit Attr Reset Value Description 
31:6 RO 0x0000000 reserved 

5:0 RW 0x00 

tdl 
This bit field controls the level at which a DMA request is made 
by the transmit logic. It is equal to the watermark level; that is, 
the dma_tx_req signal is generated when the number of valid 
data entries in the transmit FIFO is equal to or below this field 
value, and transmit DMA is enabled (DMACR[1] = 1). 
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SPI_DMARDLR 
Address: Operational Base + offset (0x0044)  

Bit Attr Reset Value Description 
31:6 RO 0x0000000 reserved 

5:0 RW 0x00 

rdl 
This bit field controls the level at which a DMA request is made 
by the receive logic. The watermark level = DMARDL+1; that is, 
dma_rx_req is generated when the number of valid data entries 
in the receive FIFO is equal to or above this field value + 1, and 
receive DMA is enabled(DMACR[0]=1). 

 
SPI_TIMEOUT 
Address: Operational Base + offset (0x004c)  

Bit Attr Reset Value Description 
31:17 RO 0x0000 reserved 

16 RW 0x0 

toe 
Timeout enable. 
1'b0: Timeout counter is inactive. 
1'b1: Timeout counter will be active after the first rising edge of 
sclk_in. 

15:0 RW 0x0000 

tov 
Timeout threshold value. If sclk_in keep inactive for a threshold 
time , timeout interrupt will be triggered .The timeout threshold 
time is TOV*pclk_perid*16. 

 
SPI_BYPASS 
Address: Operational Base + offset (0x0050)  

Bit Attr Reset Value Description 
31:5 RO 0x0000000 reserved 

4 RW 0x0 

txcp 
TX clock polarity.This bit is only valid in bypass mode. 
1'b0: TX logic use raw SCLK. 
1'b1: TX logic use inverted SCLK. 

3 RW 0x0 

rxcp 
RX clock polarity.This bit is only valid in bypass mode. 
1'b0: RX logic use raw SCLK. 
1'b1: RX logic use inverted SCLK. 

2 RW 0x0 

end 
Endian mode.This bit is only valid in bypass mode. 
1'b0: Work in littel endian mode. 
1'b1: Work in big endian mode. 

1 RW 0x0 

fbm 
First bit mode.This bit is only valid in bypass mode. 
1'b0: First bit is LSB. 
1'b1: First bit is MSB. 
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Bit Attr Reset Value Description 

0 RW 0x0 

byen 
Bypass enable. 
1'b0: Normal mode. 
1'b1: Bypass mode, SPI serial/parallel convert logic is drive by 
SCLK. 

 
SPI_TXDR 
Address: Operational Base + offset (0x0400)  

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15:0 WO 0x0000 txdr 
When it is written to, data are moved into the transmit FIFO. 

 
SPI_RXDR 
Address: Operational Base + offset (0x0800)  

Bit Attr Reset Value Description 
31:16 RO 0x0000 reserved 

15:0 RO 0x0000 rxdr 
When the register is read, data in the receive FIFO is accessed. 

 

26.5 Interface Description 
Table 26-1SPI interface description 

Module Pin Dir
Ǆ Pad Name IOMUX Setting 

SPI0mux0 Interface 

spi0_clk I/O I2C2_SCL_M0/SPI0_CLK_M0/PCIE20_WAKEn_M0/PWM1_M1/
GPIO0_B5_u PMU_GRF_GPIO0B_IOMUX_H[6:4] = 3'h2 

spi0_mosi I I2C2_SDA_M0/SPI0_MOSI_M0/PCIE20_PERSTn_M0/PWM2_
M1/GPIO0_B6_u PMU_GRF_GPIO0B_IOMUX_H[10:8]=4'h2 

spi0_miso O PWM6/SPI0_MISO_M0/PCIE30X2_WAKEn_M0/GPIO0_C5_d PMU_GRF_GPIO0C_IOMUX_H[6:4]=4'b2 

spi0_csn0 I/O PWM7_IR/SPI0_CS0_M0/PCIE30X2_PERSTn_M0/GPIO0_C6_
d PMU_GRF_GPIO0C_IOMUX_H[10:8]=3'h2 

spi0_csn1 O PWM5/SPI0_CS1_M0/UART0_RTSn/GPIO0_C4_d PMU_GRF_GPIO0C_IOMUX_H[2:0]=3'b2 
SPI0mux1 Interface 

spi0_clk I/O LCDC_D3/VOP_BT656_D3_M0/SPI0_CLK_M1/PCIE30X1_WAK
En_M1/I2S1_SDI0_M2/GPIO2_D3_d GRF_GPIO2D_IOMUX_L[14:12]=3'h3 

spi0_csn0 I/O LCDC_D2/VOP_BT656_D2_M0/SPI0_CS0_M1/PCIE30X1_CLK
REQn_M1/I2S1_LRCK_TX_M2/GPIO2_D2_d GRF_GPIO2D_IOMUX_L[10:8]=3'h3 

spi0_mosi I LCDC_D1/VOP_BT656_D1_M0/SPI0_MOSI_M1/PCIE20_WAK
En_M1/I2S1_SCLK_TX_M2/GPIO2_D1_d GRF_GPIO2D_IOMUX_L[6:4]=3'h3 

spi0_miso O LCDC_D0/VOP_BT656_D0_M0/SPI0_MISO_M1/PCIE20_CLKR
EQn_M1/I2S1_MCLK_M2/GPIO2_D0_d GRF_GPIO2D_IOMUX_L[2:0]=3'h3 

SPI1mux0 Interface 
spi1_clk I/O GMAC0_TXEN/UART1_RTSn_M0/SPI1_CLK_M0/GPIO2_B5_u GRF_GPIO2B_IOMUX_H[6:4]=3'h3 

spi1_csn0 I/O I2S2_LRCK_RX_M0/GMAC0_RXDV_CRS/UART6_CTSn_M0/SP
I1_CS0_M0/GPIO2_C0_d GRF_GPIO2B_IOMUX_H[2:0]=3'h4 

spi1_csn1 O CLK32K_OUT1/UART8_RX_M0/SPI1_CS1_M0/GPIO2_C6_d GRF_GPIO2C_IOMUX_H[10:8]=3'h3 

spi1_mosi I I2S2_SCLK_RX_M0/GMAC0_RXD1/UART6_RTSn_M0/SPI1_M
OSI_M0/GPIO2_B7_d GRF_GPIO2B_IOMUX_H[14:12]=3'h4 

spi1_miso O GMAC0_RXD0/UART1_CTSn_M0/SPI1_MISO_M0/GPIO2_B6_
u GRF_GPIO2B_IOMUX_H[10:8]=3'h3 

SPI1mux1 Interface 

spi1_clk I/O LCDC_DEN/VOP_BT1120_D15/SPI1_CLK_M1/UART5_RX_M1/
I2S1_SCLK_RX_M2/GPIO3_C3_d GRF_GPIO3C_IOMUX_L[14:12]=2'h3 

spi1_mosi I LCDC_HSYNC/VOP_BT1120_D13/SPI1_MOSI_M1/PCIE20_PE
RSTn_M1/I2S1_SDO2_M2/GPIO3_C1_d GRF_GPIO3C_IOMUX_L[6:4]=2'h3 

spi1_miso O LCDC_VSYNC/VOP_BT1120_D14/SPI1_MISO_M1/UART5_TX_
M1/I2S1_SDO3_M2/GPIO3_C2_d GRF_GPIO3C_IOMUX_L[10:8]=2'h3 

spi1_csn0 I/O LCDC_D8/VOP_BT1120_D0/SPI1_CS0_M1/PCIE30X1_PERST GRF_GPIO3A_IOMUX_L[6:4]=3'h3 
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Module Pin Dir
Ǆ Pad Name IOMUX Setting 

n_M1/SDMMC2_D0_M1/GPIO3_A1_d 
SPI2mux0 Interface 

spi2_clk I/O I2S2_MCLK_M0/ETH0_REFCLKO_25M/UART7_RTSn_M0/SPI2
_CLK_M0/GPIO2_C1_d GRF_GPIO2C_IOMUX_L[6:4]=3'h4 

spi2_mosi I I2S2_LRCK_TX_M0/GMAC0_MDC/UART9_RTSn_M0/SPI2_MO
SI_M0/GPIO2_C3_d GRF_GPIO2C_IOMUX_L[14:12]=3'h4 

spi2_miso O I2S2_SCLK_TX_M0/GMAC0_MCLKINOUT/UART7_CTSn_M0/S
PI2_MISO_M0/GPIO2_C2_d GRF_GPIO2C_IOMUX_L[10:8]=3'h4 

spi2_csn0 I/O I2S2_SDO_M0/GMAC0_MDIO/UART9_CTSn_M0/SPI2_CS0_M
0/GPIO2_C4_d GRF_GPIO2C_IOMUX_H[2:0]=3'h4 

spi2_csn1 O I2S2_SDI_M0/GMAC0_RXER/UART8_TX_M0/SPI2_CS1_M0/G
PIO2_C5_d GRF_GPIO2C_IOMUX_H[6:4]=3'h4 

SPI2mux1 Interface 

spi2_clk I/O LCDC_CLK/VOP_BT656_CLK_M0/SPI2_CLK_M1/UART8_RX_M
1/I2S1_SDO1_M2/GPIO3_A0_d GRF_GPIO3A_IOMUX_L[2:0]=3'h3 

spi2_mosi I LCDC_D6/VOP_BT656_D6_M0/SPI2_MOSI_M1/PCIE30X2_PE
RSTn_M1/I2S1_SDI3_M2/GPIO2_D6_d GRF_GPIO2D_IOMUX_H[10:8]=3'h3 

spi2_miso O LCDC_D7/VOP_BT656_D7_M0/SPI2_MISO_M1/UART8_TX_M
1/I2S1_SDO0_M2/GPIO2_D7_d GRF_GPIO2D_IOMUX_H[14:12]=3'h3 

spi2_csn0 I/O LCDC_D5/VOP_BT656_D5_M0/SPI2_CS0_M1/PCIE30X2_WA
KEn_M1/I2S1_SDI2_M2/GPIO2_D5_d GRF_GPIO2D_IOMUX_H[6:4]=3'h3 

spi2_csn1 O LCDC_D4/VOP_BT656_D4_M0/SPI2_CS1_M1/PCIE30X2_CLK
REQn_M1/I2S1_SDI1_M2/GPIO2_D4_d GRF_GPIO2D_IOMUX_H[2:0]=3'h3 

SPI3mux0 Interface 

spi3_clk I/O I2C4_SCL_M0/EBC_GDOE/ETH1_REFCLKO_25M_M1/SPI3_CL
K_M0/I2S2_SDO_M1/GPIO4_B3_d GRF_GPIO4B_IOMUX_L[14:12]=3'h4 

spi3_csn0 I/O ISP_FLASHTRIGOUT/EBC_SDCE0/GMAC1_TXEN_M1/SPI3_CS
0_M0/I2S1_SCLK_RX_M1/GPIO4_A6_d GRF_GPIO4A_IOMUX_H[10:8]=3'h4 

spi3_csn1 O CAM_CLKOUT0/EBC_SDCE1/GMAC1_RXD0_M1/SPI3_CS1_M
0/I2S1_LRCK_RX_M1/GPIO4_A7_d GRF_GPIO4A_IOMUX_H[14:12]=3'h4 

spi3_mosi I I2C4_SDA_M0/EBC_VCOM/GMAC1_RXER_M1/SPI3_MOSI_M0
/I2S2_SDI_M1/GPIO4_B2_d GRF_GPIO4B_IOMUX_L[10:8]=3'h4 

spi3_miso I/O CAM_CLKOUT1/EBC_SDCE2/GMAC1_RXD1_M1/SPI3_MISO_
M0/I2S1_SDO1_M1/GPIO4_B0_d GRF_GPIO4B_IOMUX_L[2:0]=3'h4 

SPI3mux1 Interface 

spi3_clk I/O PWM14_M1/SPI3_CLK_M1/CAN1_RX_M1/PCIE30X2_CLKREQ
n_M2/I2S3_MCLK_M1/GPIO4_C2_d GRF_GPIO4C_IOMUX_L[10:8]=3'h2 

spi3_csn0 I/O PWM13_M1/SPI3_CS0_M1/SATA0_ACT_LED/UART9_RX_M1/I
2S3_SDI_M1/GPIO4_C6_d GRF_GPIO4C_IOMUX_H[10:8]=3'h2 

spi3_csn1 O HDMITX_CEC_M0/SPI3_CS1_M1/GPIO4_D1_u GRF_GPIO4D_IOMUX_L[6:4]=3'h2 

spi3_mosi I PWM15_IR_M1/SPI3_MOSI_M1/CAN1_TX_M1/PCIE30X2_WA
KEn_M2/I2S3_SCLK_M1/GPIO4_C3_d GRF_GPIO4C_IOMUX_L[14:12]=3'h2 

spi3_miso I/O PWM12_M1/SPI3_MISO_M1/SATA1_ACT_LED/UART9_TX_M1
/I2S3_SDO_M1/GPIO4_C5_d GRF_GPIO4C_IOMUX_H[6:4]=3'h2 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO��VSLBFVQ��FDQ�RQO\�EH�XVHG�LQ�PDVWHU�PRGH 

26.6 Application Notes 
&ORFN�5DWLRV 
$�VXPPDU\�RI�WKH�IUHTXHQF\�UDWLR�UHVWULFWLRQV�EHWZHHQ�WKH�ELW�UDWH�FORFN��VFONBRXW�VFONBLQ��
DQG�WKH�63,�SHULSKHUDO�FORFN��VSLBFON��DUH�GHVFULEHG�DV� 
:KHQ�63,�&RQWUROOHU�ZRUNV�DV�PDVWHU��WKH�)VSLBFON! ���î��PD[LPXP�)VFONBRXW� 
:KHQ�63,�&RQWUROOHU�ZRUNV�DV�VODYH��WKH�)VSLBFON! ���î��PD[LPXP�)VFONBLQ� 
 
0DVWHU�7UDQVIHU�)ORZ 
:KHQ�FRQILJXUHG�DV�D�VHULDO�PDVWHU�GHYLFH��WKH�63,�LQLWLDWHV�DQG�FRQWUROV�DOO�VHULDO�WUDQVIHUV��
7KH�VHULDO�ELW�UDWH�FORFN��JHQHUDWHG�DQG�FRQWUROOHG�E\�WKH�63,��LV�GULYHQ�RXW�RQ�WKH�VFONBRXW�
OLQH��:KHQ�WKH�63,�LV�GLVDEOHG��63,B(15� �����QR�VHULDO�WUDQVIHUV�FDQ�RFFXU�DQG�VFONBRXW�LV�
KHOG�LQ�³LQDFWLYH´�VWDWH��DV�GHILQHG�E\�WKH�VHULDO�SURWRFRO�XQGHU�ZKLFK�LW�RSHUDWHV� 
 
6ODYH�7UDQVIHU�)ORZ 
:KHQ�WKH�63,�LV�FRQILJXUHG�DV�D�VODYH�GHYLFH��DOO�VHULDO�WUDQVIHUV�DUH�LQLWLDWHG�DQG�FRQWUROOHG�
E\�WKH�VHULDO�EXV�PDVWHU� 
:KHQ�WKH�63,�VHULDO�VODYH�LV�VHOHFWHG�GXULQJ�FRQILJXUDWLRQ��LW�HQDEOHV�LWV�W[G�GDWD�RQWR�WKH�
VHULDO�EXV��$OO�GDWD�WUDQVIHUV�WR�DQG�IURP�WKH�VHULDO�VODYH�DUH�UHJXODWHG�RQ�WKH�VHULDO�FORFN�
OLQH��VFONBLQ���GULYHQ�IURP�WKH�VHULDO�PDVWHU�GHYLFH��'DWD�DUH�SURSDJDWHG�IURP�WKH�VHULDO�
VODYH�RQ�RQH�HGJH�RI�WKH�VHULDO�FORFN�OLQH�DQG�VDPSOHG�RQ�WKH�RSSRVLWH�HGJH� 
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IDLE

Disable
SPI

Configure Master by writing 
CTRLR0.CTRLR1, BAUDR,
TXFTLR, RXFTLR,IMR, SER

Enable
SPI

Write data to
Tx FIFO

Transfer in
progress Interrupt?

BUSY?

Read Rx
FIFO

Interrupt Service
Routine

YES
NO

NO

Transmit Only

YES

You may fill FIFO here:
Transfer begins when first 
data word is present in the 
transmit FIFO and a slave 
is enabled.

If the transmit FIFO is 
requesting and all data 
have not been sent, then 
write data into transmit 
FIFO.
If the receive FIFO is 
requesting, then read data 
from receive FIFO.

 
Fig. 26-7 SPI Master transfer flow diagram 
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IDLE

Disable
SPI

Configure Master by writing 
CTRLR0.CTRLR1,

TXFTLR, RXFTLR,IMR

Enable
SPI

Write data to
Tx FIFO

Transfer in
progress Interrupt?

BUSY?

Read Rx
FIFO

Interrupt Service
Routine

YES
NO

NO

Transmit Only

YES

If the transmit FIFO is 
requesting and all data 
have not been sent, then 
write data into transmit 
FIFO.
If the receive FIFO is 
requesting, then read data 
from receive FIFO.

Wait for master
to select slave

Receive Only

 
Fig. 26-8 SPI Slave transfer flow diagram 
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Chapter 27 Flexible Serial Peripheral Interface (FSPI) 
27  

27.1 Overview 
7KH�)63,�LV�D�IOH[LEOH�VHULDO�SHULSKHUDO�LQWHUIDFH�KRVW�FRQWUROOHU�WR�LQWHUIDFH�ZLWK�H[WHUQDO�
GHYLFH� 
7KH�)63,�VXSSRUWV�WKH�IROORZLQJ�IHDWXUHV� 
z 6XSSRUW�YDULRXV�YHQGRU�GHYLFHV�ZLWK�IOH[LEOH�FRPPDQG�VHTXHQFHU�HQJLQH 

� 6HULDO�125�)ODVK 
� 6HULDO�1$1'�)ODVK 
� 6HULDO�S65$0 
� 6HULDO�65$0 

z 6XSSRUW�6'5�PRGH 
z 6XSSRUW�6LQJOH�'XDO�4XDG�,2�PRGH 
z 6XSSRUW�D����ELW�$+%�VODYH�WR�UHDG�DQG�ZULWH�FRQWUROOHU�UHJLVWHU�EDQN�DQG�LQLWLDWH�

FRPPDQG�VHTXHQFH��LQFOXGLQJ�WUDQVIHU�GDWD�IURP�WR�H[WHUQDO�GHYLFH�LQGLUHFWO\ 
z 6XSSRUW�D����ELW�$+%�PDVWHU�ZLWK�HPEHGGHG�'0$�HQJLQH�WR�WUDQVIHU�GDWD�IURP�WR�

H[WHUQDO�GHYLFH�LQGLUHFWO\ 
z 6XSSRUW�LQGHSHQGHQW�FORFN�IRU�V\VWHP�EXV�+&/.�DQG�FRQWUROOHU�6&/. 
z 6XSSRUW�PDVNDEOH�LQWHUUXSW�JHQHUDWLRQ 
z 6XSSRUW�VDPSOLQJ�FORFN�ZLWK�RSWLRQDOO\�FRQILJXUDEOH�GHOD\�OLQH 
z 6XSSRUW���&6��RSHUDWLRQ 

27.2 Block Diagram 

AHB Slave REG File AHB Master

NSPI CTRL

M
em

or
y-

M
ap

pe
d 

 C
TR

L

M
em
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y-

M
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pe
d 

AH
B 

Sl
av

e

ASYNC TX FIFO

ASYNC RX FIFO

DMA CTRL

AH
B 

BU
S

AHB_BUS

SCLK

SI/SIO0

SO/SIO1

WP#/SIO2

HOLD#/SIO3

nCS#

IO
 B

U
F

ASYNC MM 
TX FIFO

ASYNC MM 
RX FIFO

 
Fig. 27-1 FSPI Architecture 

 

27.3 Function Description 
27.3.1 $+%�6ODYH 
7KH�$+%�VODYH�EORFN�LV�XVHG�WR�FRQILJXUH�WKH�UHJLVWHU�RI�FRQWUROOHU�WR�JHQHUDWH�IOH[LEOH�
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FRPPDQG�VHTXHQFH��SURFHVV�WKH�LQWHUUXSW�H[FHSWLRQ��WDUJHW�YDULRXV�GHYLFH�IHDWXUH�DQG�$&�
WLPLQJ�VSHFLILFDWLRQ��,W�LV�DOVR�XVHG�WR�ZULWH�&0'�$''5�'$7$�WR�7;�),)2�DQG�UHDG�'$7$�
IURP�5;�),)2�ZKLFK�EXIIHU�WKH�'$7$�IURP�H[WHUQDO�GHYLFH� 
27.3.2 $+%�0DVWHU 
:KHQ�WKH�HPEHGGHG�'0$�&75/�LV�XVHG�WR�WUDQVIHU�'$7$��WKH�$+%�PDVWHU�LV�XVHG�WR�WUDQVIHU�
GDWD�WR�RWKHU�V\VWHP�UHJLRQ��VXFK�DV�LQWHUQDO�65$0��SHULSKHUDO��H[WHUQDO�'5$0� 
27.3.3 0HPRU\�0DSSHG�$+%�6ODYH 
$IWHU�WKH�VRIWZDUH�LQLWLDOL]H�WKH�FRQWUROOHU�EDVHG�RQ�WKH�VSHFLDOL]HG�PHPRU\�GHYLFH��&38�DQG�
RWKHU�V\VWHP�EXV�PDVWHUV�FDQ�UHDG�GDWD�IURP�H[WHUQDO�PHPRU\�GLUHFWO\��,I�WKH�H[WHUQDO�
PHPRU\�LV�65$0�RU�S65$0��LW�DOVR�VXSSRUWV�ZULWH�GDWD�WR�LW��7KH�0HPRU\�0DSSHG�$+%�6ODYH�
PRGXOH�FDQ�JHQHUDWH�WKH�UHODWLYH�&6��EDVHG�RQ�WKH�DFFHVV�DGGUHVV�IURP�V\VWHP�DGGUHVV��
H[DPSOH�&6���DQG�&6����1RQ�6XSSRUWHG�LQ�WKLV�FKLS� 
27.3.4 5(*�)LOH 
7KH�5(*�)LOH�LV�FRQILJXUDEOH�UHJLVWHU�EDQN�WR�FRQWURO�WKH�VWRUH�WKH�VWDWLF�FRQILJXUDWLRQ�DQG�
G\QDPLF�VWDWXV�RI�FRQWUROOHU��  
27.3.5 '0$�&75/ 
$�EORFN�WDNHV�UHVSRQVLEOH�IRU�VSOLWWLQJ�D�ORQJ�OHQJWK�WUDQVIHU�WUDQV�LQWR�$+%�EXV�WUDQVDFWLRQ�
DQG�LQWHUIDFLQJ�ZLWK�$6<1&�7;�RU�5;�),)2� 
27.3.6 ),)2 
7KHUH�DUH�IRXU�),)2�LQ�WKH�)63,�FRQWUROOHU��$6<1&�7;�),)2�DQG�$6<1&�5;�),)2�LV�IRU�QRUPDO�
WUDQVDFWLRQ�WKDW�LQLWLDWHG�E\�FRPPDQG�VHTXHQFH�GULYHU��7KH�$6<1&�00��0HPRU\�0DSSHG��
7;�),)2�DQG�$6<1&�00��0HPRU\�0DSSHG��5;�),)2�LV�RQO\�XVHG�WR�EXIIHU�'$7$�IURP�RU�WR�
H[WHUQDO�GHYLFH�LQLWLDWHG�E\�V\VWHP�EXV�PDVWHU�GLUHFWO\� 
27.3.7 163,�&75/ 
6HTXHQFH�GHFRGH�HQJLQH�ZKLFK�JHQHUDWHV�VSHFLDOL]HG�WLPLQJ�VHTXHQFH�IRU�YDULRXV�GHYLFH��
7KH�163,�GHFRGH�WKH�WUDQVDFWLRQ�IURP�7;�),)2�DQG�0HPRU\�0DSSHG�&RQWUROOHU�DQG�FRQYHUW�
LW�WR�UHODWLYH�&0'�$''5�'$7$�IUDPH�EDVHG�RQ�WKH�FRQILJXUDWLRQ� 

27.4 Register Description  
27.4.1 ,QWHUQDO�$GGUHVV�0DSSLQJ�  
6ODYH�DGGUHVV�FDQ�EH�GLYLGHG�LQWR�GLIIHUHQW�OHQJWK�IRU�GLIIHUHQW�XVDJH��ZKLFK�LV�VKRZQ�DV�
IROORZV� 
 

Table 27-1 FSPI Address Mapping Table 
1DPH $GGUHVV�%DVH 6L]H 

)63,�&)* �[)(������ ��.% 
 
27.4.2 5HJLVWHUV�6XPPDU\�  

1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

)63,B&75/� �[���� : �[�������� &RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B,05 �[���� : �[������)) ,QWHUUXSW�0DVN�5HJLVWHU 
)63,B,&/5 �[���� : �[�������� ,QWHUUXSW�&OHDU�5HJLVWHU 
)63,B)7/5 �[���& : �[�������� ),)2�7KUHVKROG�/HYHO�5HJLVWHU 
)63,B5&95 �[���� : �[�������� )63,�5HFRYHU�5HJLVWHU 
)63,B$;� �[���� : �[�������� )63,�$X[LOLDU\�'DWD�9DOXH�IRU�&6��'HYLFH 
)63,B$%,7� �[���� : �[�������� ([WHQG�$GGUHVV�%LWV�IRU�&6��'HYLFH 
)63,B,65 �[���& : �[�������� ,QWHUUXSW�6WDWXV 
)63,B)65 �[���� : �[�������� ),)2�6WDWXV�5HJLVWHU 
)63,B65 �[���� : �[�������� )63,�6WDWXV�5HJLVWHU 
)63,B5,65 �[���� : �[�������� 5DZ�,QWHUUXSW�6WDWXV�5HJLVWHU 
)63,B9(5 �[���& : �[�������� 9HUVLRQ�5HJLVWHU 
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1DPH 2IIVHW 6L]H 5HVHW�
9DOXH 'HVFULSWLRQ 

)63,B423 �[���� : �[�������� 4XDG�/LQH�2SHUDWLRQ�,2�/HYHO�3UH�VHW�5HJLVWHU 
)63,B(;7B&75/ �[���� : �[�������� ([WHQG�&RQWURO�5HJLVWHU 
)63,B'//B&75/� �[���& : �[�������� 'HOD\�/LQH�&RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B(;7B$; �[���� : �[����)�)) ([WHQG�$X[LOLDU\�'DWD�&RQWURO�5HJLVWHU 
)63,B6&/.B,1$70B&17 �[���� : �[)))))))) 6&/.�,QDFWLYH�7LPHRXW�&RXQWHU 
)63,B;00&B:&0'� �[���� : �[�������� 0HPRU\�0DSSHG�&RQWURO�:ULWH�&RPPDQG�5HJLVWHU�IRU�&6��'HYLFH 
)63,B;00&B5&0'� �[���� : �[�������� 0HPRU\�0DSSHG�&RQWURO�5HDG�&RPPDQG�5HJLVWHU�IRU�&6��'HYLFH 
)63,B;00&B&75/ �[���� : �[������(� 0HPRU\�0DSSHG�&RQWURO�5HJLVWHU 
)63,B02'( �[���& : �[�������� &RQWUROOHU�:RUNLQJ�0RGH�5HJLVWHU 
)63,B'(95*1 �[���� : �[�������� 'HYLFH�5HJLRQ�6L]H�5HJLVWHU 
)63,B'(96,=(� �[���� : �[�������� 'HYLFH�6L]H�5HJLVWHU�IRU�&6��'HYLFH 
)63,B70(� �[���� : �[�������� 7LPHRXW�(QDEOH�&RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B;00&B5;B:705. �[���� : �[�������� 0HPRU\�0DSSHG�0RGH�5HFHLYHU�),)2�:DWHU�0DUN�5HJLVWHU 
)63,B'0$75 �[���� : �[�������� '0$�7ULJJHU�5HJLVWHU 
)63,B'0$$''5 �[���� : �[�������� '0$�$GGUHVV�5HJLVWHU 
)63,B/(1B&75/ �[���� : �[�������� /HQJWK�&RQWURO�5HJLVWHU 
)63,B/(1B(;7 �[���& : �[�������� /HQJWK�([WHQGHG�5HJLVWHU 
)63,B;00&65 �[���� : �[�������� 0HPRU\�0DSSHG�6WDWXV�5HJLVWHU 
)63,B&0' �[���� : �[�������� ,QGLUHFW�&RPPDQG�5HJLVWHU 
)63,B$''5 �[���� : �[�������� $GGUHVV�5HJLVWHU 
)63,B'$7$ �[���� : �[�������� 'DWD�5HJLVWHU 
)63,B&75/� �[���� : �[�������� &RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B$;� �[���� : �[�������� )63,�$X[LOLDU\�'DWD�9DOXH�IRU�&6��'HYLFH 
)63,B$%,7� �[���� : �[�������� ([WHQG�$GGUHVV�%LWV�IRU�&6��'HYLFH 
)63,B'//B&75/� �[���& : �[�������� 'HOD\�/LQH�&RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B;00&B:&0'� �[���� : �[�������� 0HPRU\�0DSSHG�&RQWURO�:ULWH�&RPPDQG�5HJLVWHU�IRU�&6��'HYLFH 
)63,B;00&B5&0'� �[���� : �[�������� 0HPRU\�0DSSHG�&RPPDQG�&RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
)63,B'(96,=(� �[���� : �[�������� 'HYLFH�6L]H�5HJLVWHU�IRU�&6��'HYLFH 
)63,B70(� �[���� : �[�������� 7LPHRXW�(QDEOH�&RQWURO�5HJLVWHU�IRU�&6��'HYLFH 
1RWHV�6L]H�%��%\WH����ELWV��DFFHVV��+:��+DOI�:25'�����ELWV��DFFHVV��:�:25'�����ELWV��DFFHVV��':�
'RXEOH�:25'�����ELWV��DFFHVV�  
27.4.3 'HWDLO�5HJLVWHUV�'HVFULSWLRQ�  
)63,B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� 5: �[� 

'$7% 
'DWD�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�'$7%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

����� 5: �[� 

$'5% 
$GGUHVV�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�$'5%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

��� 5: �[� 

&0'% 
&RPPDQG�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�&0'%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

��� 5: �[� 

,'/(B&<&/( 
,GOH�&\FOHV�:KHQ�6ZLWFKLQJ�,2�IURP�2XWSXW�WR�,QSXW 
�
K���,GOH�KROG�LV�GLVDEOH 
�
K���+ROG�WKH�6&/.�LQ�LGOH�IRU���F\FOHV�ZKHQ�VZLWFK�WR�VKLIW�LQ 
��� 
�
KI��+ROG�WKH�6&/.�LQ�LGOH�IRU����F\FOHV�ZKHQ�VZLWFK�WR�VKLIW�LQ 
7R�LPSURYH�WKH�WUDQVIRUP�,2�WLPLQJ��WKH�DSSOLFDWLRQ�FDQ�VHW�WKLV�
UHJLVWHU�WR�KROG�WKH�6&/.�LQ�ORZ�VWDWH�RU�KLJK�VWDWH� 

��� 52 �[� UHVHUYHG 

� 5: �[� 

6+,)73+$6( 
6KLIW�3KDVH�RI�'DWD�,QSXW�LQ�&RQWUROOHU 
�
E���6KLIW�LQSXW�GDWD�DW�SRVHGJH�6&/. 
�
E���6KLIW�LQSXW�GDWD�DW�QHJHGJH�6&/. 
7KH�DSSOLFDWLRQ�FDQ�VHOHFW�WKH�LQSXW�GDWD�FDSWXUHG�E\�SRVHGJH�RI�
6&/.�ZKHQ�����RU�QHJHGJH�RI�6&/.�ZKHQ����� 

� 5: �[� 

63,0 
6HULDO�3HULSKHUDO�,QWHUIDFH�0RGH 
�
E���0RGH�� 
�
E���0RGH�� 
63,0�LV�XVHG�WR�FRQWURO�WKH�VHULDO�PRGH��&32/�DQG�&3+$���&32/�
LQGLFDWHV�FORFN�SRODULW\�RI�6HULDO�PDVWHU��&32/ ��IRU�6&/.�KLJK�
ZKLOH�LGOH��&32/ ��IRU�6&/.�ORZ�ZKLOH�QRW�WUDQVPLWWLQJ��&3+$�
LQGLFDWHV�FORFN�SKDVH��7KH�FRPELQDWLRQ�RI�&32/�ELW�DQG�&3+$�ELW�
GHFLGHV�ZKLFK�6HULDO�PRGH�LV�VXSSRUWHG� 

 
)63,B,05�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

'0$0 
'0$�)LQLVK�,QWHUUXSW�0DVN 
�
E���'0$�ILQLVK�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���'0$�ILQLVK�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

163,0 
163,�,QWHUUXSW�0DVN 
�
E���163,�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���163,�LQWHUUXSW�LV�PDVNHG 
9DOLG�LQ�LQGLUHFW�DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�PRGH� 

� 5: �[� 

$+%0 
$0%$�$+%�(UURU�,QWHUUXSW�0DVN 
�
E���$0%$�$+%�(UURU�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���$0%$�$+%�(UURU�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

75$160 
7UDQVIHU�)LQLVK�,QWHUUXSW�0DVN 
�
E���7UDQVIHU�ILQLVK�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���7UDQVIHU�ILQLVK�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

7;(0 
7UDQVPLW�),)2�(PSW\�,QWHUUXSW�0DVN 
�
E���7UDQVPLW�),)2�HPSW\�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���7UDQVPLW�),)2�HPSW\�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

7;20 
7UDQVPLW�),)2�2YHUIORZ�,QWHUUXSW�0DVN 
�
E���7UDQVPLW�),)2�RYHUIORZ�LQWHUUXSW�LV�QRW�PDVNHG�  
�
E���7UDQVPLW�),)2�RYHUIORZ�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

5;80 
5HFHLYH�),)2�8QGHUIORZ�,QWHUUXSW�0DVN 
�
E���5HFHLYH�),)2�XQGHUIORZ�LQWHUUXSW�LV�QRW�PDVNHG 
�
E���5HFHLYH�),)2�XQGHUIORZ�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

� 5: �[� 

5;)0 
5HFHLYH�),)2�)XOO�,QWHUUXSW�0DVN 
�
E���5HFHLYH�),)2�IXOO�LQWHUUXSW�LV�QRW�PDVNHG 
�
E���5HFHLYH�),)2�IXOO�LQWHUUXSW�LV�PDVNHG 
2QO\�YDOLG�LQ�LQGLUHFW�DFFHVV�PRGH� 

 
)63,B,&/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� :�
& �[� 

'0$& 
'0$�)LQLVK�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�'0$6 

� :�
& �[� 

163,& 
163,�(UURU�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�163,6� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� :�
& �[� 

$+%& 
$0%$�$+%�(UURU�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�$+%6� 

� :�
& �[� 

75$16& 
7UDQVIHU�)LQLVK�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�75$166� 

� :�
& �[� 

7;(& 
7UDQVPLW�),)2�(PSW\�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�7;(6� 

� :�
& �[� 

7;2& 
7UDQVPLW�),)2�2YHUIORZ�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�7;26� 

� :�
& �[� 

5;8& 
5HFHLYH�),)2�8QGHUIORZ�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�5;86� 

� :�
& �[� 

5;)& 
5HFHLYH�),)2�)XOO�,QWHUUXSW�&OHDU 
�
E���1R�DFWLRQ 
�
E���&OHDU�LQWHUUXSW 
:ULWH�����WR�FOHDU�WKH�5;)6� 

 
)63,B)7/5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

���� 5: �[�� 

5;)7/5 
5HFHLYH�),)2�7KUHVKROG�/HYHO 
�
K�����HQWU\�OHYHO 
�
K�����HQWU\�OHYHO 
��� 
�
K�������HQWU\�OHYHO�GHIDXOW� 
��� 
:KHQ�WKH�QXPEHU�RI�UHFHLYH�),)2�HQWULHV�LV�ELJJHU�WKDQ�RU�HTXDO�
WR�WKLV�YDOXH��WKH�UHFHLYH�),)2�IXOO�LQWHUUXSW�LV�WULJJHUHG� 

��� 5: �[�� 

7;)7/5 
7UDQVPLW�),)2�7KUHVKROG�/HYHO 
�
K�����HQWU\�OHYHO 
�
K�����HQWU\�OHYHO 
��� 
�
K�������HQWU\�OHYHO�GHIDXOW� 
��� 
:KHQ�WKH�QXPEHU�RI�WUDQVPLW�),)2�HQWULHV�LV�OHVV�WKDQ�RU�HTXDO�WR�
WKLV�YDOXH��WKH�WUDQVPLW�),)2�HPSW\�LQWHUUXSW�LV�WULJJHUHG� 

 
)63,B5&95�  
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$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5�:
6& �[� 

5&95 
)63,�5HFRYHU 
:ULWH�DQ\�YDOXHV�WR�WULJJHU�WKH�UHFRYHU\�RI�60&�163,�VWDWH�
PDFKLQH��),)2�VWDWH�DQG�RWKHU�ORJLF�VWDWH� 

 
)63,B$;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
$; 
$X[LOLDU\�'DWD 
7KH�$;�YDOXH�ZKHQ�GRLQJ�WKH�FRQWLQXRXV�UHDG��HQKDQFH�PRGH�RU�
;,3�PRGH���7KDW�LV�0��0��LQ��&RQWLQXRXV�5HDG�0RGH�� 

 
)63,B$%,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

$%,7 
$GGUHVV�%LWV�([WHQG 
�
K�����ELW 
�
K�����ELWV 
��� 
�
K�I�����ELWV 
2QO\�YDOLG�ZKHQ�$''5%�LV�VHW�WR��
E��� 

 
)63,B,65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 
'0$6 
'0$�)LQLVK�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 52 �[� 
163,6 
163,�7UDQVDFWLRQ�'HFRGH�(UURU�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 52 �[� 
$+%6 
$0%$�$+%�(UURU�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 52 �[� 
75$166 
7UDQVIHU�)LQLVK�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 52 �[� 
7;(6 
7UDQVPLW�),)2�(PSW\�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  836 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 
7;26 
7UDQVPLW�),)2�2YHUIORZ�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 52 �[� 
5;86 
5HFHLYH�),)2�8QGHUIORZ�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

� 5: �[� 
5;)6 
5HFHLYH�),)2�)XOO�,QWHUUXSW�6WDWXV 
�
E���1R�LQWHUUXSW 
�
E���$FWLYH�LQWHUUXSW�JHQHUDWHG 

 
)63,B)65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[��� UHVHUYHG 

����� 5: �[�� 

5;:/9/ 
5;�),)2�:DWHU�/HYHO 
�
K���),)2�LV�HPSW\ 
�
K�����HQWU\�LV�WDNHQ 
��� 
�
K�������HQWU\�LV�WDNHQ��),)2�LV�IXOO 

����� 52 �[� UHVHUYHG 

���� 52 �[�� 

7;:/9/ 
7;�),)2�:DWHU�/HYHO 
�
K���),)2�LV�IXOO 
�
K�����HQWU\�LV�OHIW 
��� 
�
K�������HQWU\�LV�OHIW��),)2�LV�HPSW\ 

��� 52 �[� UHVHUYHG 

� 52 �[� 
5;)6 
5HFHLYH�),)2�)XOO�6WDWXV 
�
E���5;�),)2�LV�QRW�IXOO 
�
E���5;�),)2�LV�IXOO 

� 52 �[� 
5;(6 
5HFHLYH�),)2�(PSW\�6WDWXV 
�
E���5;�),)2�LV�QRW�HPSW\ 
�
E���5;�),)2�LV�HPSW\ 

� 52 �[� 
7;(6 
7UDQVPLW�),)2�(PSW\�6WDWXV 
�
E���7;�),)2�LV�QRW�HPSW\ 
�
E���7;�),)2�LV�HPSW\ 

� 52 �[� 
7;)6 
7UDQVPLW�),)2�)XOO�6WDWXV 
�
E���7;�),)2�LV�QRW�IXOO 
�
E���7;�),)2�LV�IXOO 

 
)63,B65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

65 
6WDWXV�5HJLVWHU 
�
E���163,�&RQWUROOHU�LV�LGOH 
�
E���163,�&RQWUROOHU�LV�EXV\ 
:KHQ�FRQWUROOHU�LV�EXV\��GRQ
W�FKDQJH�WKH�VHWWLQJ�RI�FRQWURO�
UHJLVWHU��:KHQ�163,�LV�LGOH��WKH�VRIWZDUH�FDQ�LQLWLDWH�QHZ�
WUDQVDFWLRQ�WR�H[WHUQDO�GHYLFH� 

 
)63,B5,65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

� 52 �[� 

'0$6 
'0$�)LQLVK�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

163,6 
163,�(UURU�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

$+%6 
$0%$�$+%�(UURU�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

75$166 
7UDQVIHU�)LQLVK�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

7;(6 
7UDQVPLW�),)2�(PSW\�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

7;26 
7UDQVPLW�),)2�2YHUIORZ�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

� 52 �[� 

5;86 
5HFHLYH�),)2�8QGHUIORZ�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 52 �[� 

5;)6 
5HFHLYH�),)2�)XOO�,QWHUUXSW�6WDWXV 
�
E���1R�DFWLYH�UDZ�LQWHUUXSW 
�
E���$FWLYH�UDZ�LQWHUUXSW�LV�JHQHUDWHG 
&OHDUHG�E\�ZULWLQJ�FRUUHVSRQGLQJ�,&/5�ELW�WR�FOHDU�UDZ�LQWHUUXSW�
VWDWXV� 

 
)63,B9(5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 
���� 52 �[���� 9(5 

7KH�9HUVLRQ�,'�RI�)63, 
 
)63,B423�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 

62���%3 
62����%\SDVV�0RGH 
�
E���'LVDEOH�E\SDVV 
�
E���(QDEOH�E\SDVV 
'HIDXOW�LV�HQDEOHG� 

� 5: �[� 

62��� 
'��'��'��'DWD�9DOXH�'XULQJ�,QDFWLYH�:KHQ�&6�LV�$FWLYH 
�
E���6HW�WR���� 
�
E���6HW�WR���� 
7KH�YDOXH�RI�62���62��DQG�62��GXULQJ�FRPPDQG�DQG�DGGUHVV�
ELWV�LQSXW� 

 
)63,B(;7B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

�� 5: �[� 

65B*(1B02'( 
6WDWXV�5HJLVWHU�*HQHUDWLRQ�0RGH 
�
E���&RPSDWLEOH�PRGH�ZLWK�ROG�FRQWUROOHU 
�
E���5REXVW�JHQHUDWLRQ�WR�LQGLFDWHV�WKH�VWDWXV�RI�FRQWUROOHU 
,I�VHW�WR������WKH�FRQWUROOHU�ZLOO�RQO\�FOHDU�WKH�65�ELW�DIWHU�
RSHUDWLRQ�VHTXHQFH�GRQH�DQG�&6�LV�KLJK� 

�� 5: �[� 

75$16B,17B02'( 
7UDQVPLW�'RQH�,QWHUUXSW�*HQHUDWLRQ�0RGH 
�
E���7ULJJHU�163,�HQG�LQ�GDWD�GRQH 
�
E���7ULJJHU�163,�HQG�LQ�&6�LQDFWLYH 
'HIDXOW�*HQHUDWLRQ�LV�FRPSDWLEOH�ZLWK�ROG�FRQWUROOHU� 

�� 52 �[� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[� 

6:,7&+B,2B2�,B&17 
6ZLWFK�,2�$WWULEXWH�&\FOHV�LQ�2�,�,GOH�3KDVH 
�
K����VW�F\FOH 
�
K����QG�F\FOH 
�
K����UG�F\FOH 
�
K����WK�F\FOH 
��� 
�
KI����WK�F\FOH 
7KH�WDUJHW�F\FOH�ZKHQ�VZLWFKLQJ�IURP�RXWSXW�WR�LQSXW�LQ�2�,�LGOH�
SKDVH� 

��� 5: �[� 

6:,7&+B,2B'800B&17 
6ZLWFK�,2�$WWULEXWH�&\FOHV�LQ�'XPP\�3KDVH 
�
K����VW�F\FOH 
�
K����QG�F\FOH 
�
K����UG�F\FOH 
�
K����WK�F\FOH 
��� 
�
KI����WK�F\FOH 
7KH�WDUJHW�F\FOH�ZKHQ�VZLWFKLQJ�IURP�RXWSXW�WR�LQSXW�LQ�'XPP\�
GDWD�SKDVH� 

��� 5: �[� 

&6B'(6(/B&75/ 
&6�,QDFWLYH�&RQWURO 
�
K�����F\FOH 
�
K�����F\FOHV 
�
K�����F\FOHV 
�
K�����F\FOHV 
��� 
�
KI�����F\FOHV 
7KH�WDUJHW�F\FOHV�WR�KROG�&6�LQDFWLYH�DIWHU�GH�DVVHUW�WKH�&6��
'HIDXOW�YDOXH�DUH���6&/.�F\FOHV�WKDW�LV�HQRXJK�IRU�QRUPDO�GHYLFH� 

 
)63,B'//B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

6&/.B603B6(/ 
6&/.�6DPSOLQJ�6HOHFWLRQ 
�
E���%\SDVV�'// 
�
E���)URP�'// 
7KH�VDPSOLQJ�6&/.�VRXUFH�VHOHFWLRQ� 

���� 52 �[�� UHVHUYHG 

��� 5: �[��� 

603B'//B&)* 
6DPSOH�'HOD\�/LQH�&RQILJXUDWLRQ 
�
K�����'//�HOHPHQW�FHOO 
�
K�����'//�HOHPHQW�FHOO 
�
K�����'//�HOHPHQW�FHOOV 
��� 
�
K�II������'//�HOHPHQW�FHOOV 
7KLV�UHJLVWHU�WR�FRQWURO�WKH�VDPSOLQJ�GHOD\�OLQH�FHOO�XVHG��7KH�
PD[LPXP�'//�HOHPHQW�FHOOV�LV�GHFLGHG�E\�SURFHVV� 

 
)63,B(;7B$;�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  840 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[I� 
$;B6(783B3$7 
$X[LOLDU\�6HWXS�'DWD�3DWWHUQ 
7KH�$;�GDWD�SDWWHUQ�WKDW�VHWXS�WKH�FRQWLQXRXV�HQKDQFH�;,3�UHDG�
PRGH 

��� 5: �[II 
$;B&$1&(/B3$7 
$X[LOLDU\�&DQFHO�'DWD�3DWWHUQ 
7KH�$;�GDWD�SDWWHUQ�WKDW�FDQFHO�WKH�FRQWLQXRXV�HQKDQFH�;,3�UHDG�
PRGH� 

 
)63,B6&/.B,1$70B&17�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[IIIIIIII 

6&/.B,1$70B&17 
6&/.�,QDFWLYH�7LPHRXW�&RXQWHU 
:KHQ�&6�LV�DFWLYH�DQG�6&/.�LV�KROG�LQ�KLJK�RU�ORZ�GXH�WR�7;�),)2�
LV�HPSW\�RU�5;�),)2�LV�IXOO��LI�6&/.B,1$70B(1�LV�HQDEOHG��DQG�
WLPHRXW�RFFXUV��WKH�FRQWUROOHU�ZLOO�JR�EDFN�WR�LGOH�DQG�5;�),)2�LV�
IOXVKHG� 

 
)63,B;00&B:&0'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� :2 �[� 

$''5% 
$GGUHVV�%LWV 
�
E������ELW 
�
E�������ELWV 
�
E�������ELWV 
�
E����)URP�WKH�$%,7�UHJLVWHU 
$GGUHVV�ELWV�QXPEHU�VHOHFW�LQ�PHPRU\�PDSSHG�PRGH��LI�WKHUH�LV�
QRW�DGGUHVV�FRPPDQG�WR�VHQG��VHW�WR�]HUR� 

�� :2 �[� 

&217 
&RQWLQXRXV 
�
E���'LVDEOH�FRQWLQXRXV�PRGH 
�
E���(QDEOH�FRQWLQXRXV�PRGH 
$;�PRGH�RU�&RQWLQXRXV�PRGH�RU�;,3�PRGH�IRU�GHYLFH�ZKLFK�
EHJLQV�ZLWK�DGGUHVV� 

�� 52 �[� UHVHUYHG 

���� :2 �[� 

'800 
'XPP\�&\FOHV 
�
K���1R�GXPP\�F\FOH 
��� 
�
K�����F\FOHV 
��� 
'XPP\�ELW�F\FOHV�LQ�PHPRU\�PDSSHG�PRGH� 

��� :2 �[�� 
&0' 
&RPPDQG 
&RPPDQG�GDWD�LQ�PHPRU\�PDSSHG�DFFHVV�PRGH� 

 
)63,B;00&B5&0'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  841 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[� 

$''5% 
$GGUHVV�%LWV 
�
E������ELW 
�
E�������ELWV 
�
E�������ELWV 
�
E����)URP�WKH�$%,7�UHJLVWHU 
$GGUHVV�ELWV�QXPEHU�VHOHFW�LQ�PHPRU\�PDSSHG�PRGH��LI�WKHUH�LV�
QRW�DGGUHVV�FRPPDQG�WR�VHQG��VHW�WR�]HUR� 

�� :2 �[� 

&217 
&RQWLQXRXV 
�
E���'LVDEOH�FRQWLQXRXV�PRGH 
�
E���(QDEOH�FRQWLQXRXV�PRGH 
$;�PRGH�RU�&RQWLQXRXV�PRGH�RU�;,3�PRGH�IRU�GHYLFH�ZKLFK�
EHJLQV�ZLWK�DGGUHVV� 

�� 52 �[� UHVHUYHG 

���� :2 �[� 

'800 
'XPP\�&\FOHV 
�
K���1R�GXPP\�F\FOH 
��� 
�
K�����F\FOHV 
��� 
'XPP\�ELW�F\FOHV�LQ�PHPRU\�PDSSHG�PRGH� 

��� :2 �[�� 
&0' 
&RPPDQG 
&RPPDQG�GDWD�LQ�PHPRU\�PDSSHG�DFFHVV�PRGH� 

 
)63,B;00&B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 
�� 52 �[� UHVHUYHG 
�� 52 �[� UHVHUYHG 
���� 52 �[� UHVHUYHG 
� 52 �[� UHVHUYHG 

� 5: �[� 

3)7B(1 
3UHIHWFK�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 
6KRXOG�GLVDEOH�SUHIHWFK�LI�FRQWUROOHU�FRPPXQLFDWH�ZLWK�S65$0�
ZKLFK�QHHG�UHIUHVK� 

� 5: �[� 
'(9B+:(1 
'HYLFH�$0%$�$+%�+:5,7(�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

��� 52 �[�� UHVHUYHG 
 
)63,B02'(�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  842 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5: �[� 

;00&B02'(B(1 
0HPRU\�0DSSHG�0RGH�(QDEOH 
�
E���'LVDEOH��LQGLUHFW�DFFHVV�PRGH 
�
E���(QDEOH��0HPRU\�0DSSHG�PRGH 
%HIRUH�VZLWFKLQJ�IURP�LQGLUHFW�DFFHVV�PRGH�WR�0HPRU\�0DSSHG�
PRGH��WKH�DSSOLFDWLRQ�VKRXOG�PDNH�VXUH�WKH�FRQWUROOHU�LV�LQ�LGOH�
VWDWH�DQG�QR�SHQGLQJ�WUDQVDFWLRQ��,I�VZLWFK�IURP�0HPRU\�0DSSHG�
WR�LQGLUHFW�DFFHVV�PRGH��VRIWZDUH�VKRXOG�LQLWLDWH�D�GXPP\�UHDG�
E\�&38�EHIRUH�WKDW� 

 
)63,B'(95*1�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[������ UHVHUYHG 

��� 5: �[� 

'(&B&75/ 
'HFRGH�&RQWURO 
�
E������&6� 
�
E������&6� 
�
E������&6� 
�
E����5HVHUYHG 
2QO\�YDOLG�LQ�;00&�PRGH� 

��� 52 �[� UHVHUYHG 

��� 5: �[�� 

56,=( 
5HJLRQ�6L]H 
�
G�����E\WH 
�
G�����E\WHV 
�
G�����E\WHV 
����� 
�
G�����.�E\WHV 
����� 
�
G�����0�E\WHV 
����� 
�
G�����*�E\WHV 
,Q�0HPRU\�0DSSHG�PRGH��WKH�&6�LV�FRQWUROOHG�E\�$+%�DGGUHVV�
EXV��UHJLRQ�VL]H�LV�XVHG�WR�JHQHUDWH�&6� 

 
)63,B'(96,=(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

'6,=( 
'HYLFH�6L]H 
�
G�����E\WH 
�
G�����E\WHV 
�
G�����E\WHV 
����� 
�
G�����.�E\WHV 
����� 
�
G�����0�E\WHV 
����� 
�
G�����*�E\WH 
'HYLFH�VL]H�LV�XVHG�WR�JHQHUDWH�VORS�RYHU�VWDWXV� 

 
)63,B70(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  843 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
6&/.B,1$70B(1 
6&/.�,QDFWLYH�7LPHRXW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 
)63,B;00&B5;B:705.�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
5;B)8//B:705. 
0HPRU\�0DSSHG�0RGH�5HFHLYHU�),)2�:DWHU�0DUN� 
'HIDXOW�LV�HQRXJK� 

 
)63,B'0$75�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� :�
& �[� 

'0$75 
'0$�7ULJJHU 
:ULWH�����WR�VWDUW�WKH�'0$�WUDQVIHU� 

 
)63,B'0$$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
'0$$''5 
'0$�$GGUHVV 
7KH�GHVWLQDWLRQ�RU�VRXUFH�GDWD�DGGUHVV�LQ�FXUUHQW�V\VWHP� 

 
)63,B/(1B&75/�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
75%B6(/ 
7RWDO�7UDQVIHU�%\WHV�6HOHFWLRQ 
�
E���75%�FRQWUROOHG�E\�&0'>75%@ 
�
E���75%�FRQWUROOHG�E\�/(1B(;7 

 
)63,B/(1B(;7�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 

75%B(;7 
7RWDO�7UDQVIHU�%\WHV�([WHQGHG 
��
G���1R�GDWD 
��
G�����%\WH 
��
G�����%\WHV 
��� 
7RWDO�GDWD�E\WHV�QXPEHU�WKDW�ZLOO�ZULWH�WR��UHDG�IURP�WKH�GHYLFH� 

 
)63,B;00&65�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  844 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

� 5�:
6& �[� 

6/2329(5� 
6ORS�2YHU�5HJLVWHU�IRU�&6� 
�
E���1RUPDO�VWDWH 
�
E���$GGUHVV�VORS�RYHU 
:KHQ�WKH�DFFHVV�DGGUHVV�LQ�PHPRU\�PDS�PRGH�LV�ELJJHU�WKDQ�
'(96,=(��WKLV�ELW�ZLOO�EH�VHW��:ULWH�����WR�FOHDU�WKLV�ELW� 

� 5�:
6& �[� 

6/2329(5� 
6ORS�2YHU�5HJLVWHU�IRU�&6� 
�
E���1RUPDO�VWDWH 
�
E���$GGUHVV�VORS�RYHU 
:KHQ�WKH�DFFHVV�DGGUHVV�LQ�PHPRU\�PDS�PRGH�LV�ELJJHU�WKDQ�
'(96,=(��WKLV�ELW�ZLOO�EH�VHW��:ULWH�����WR�FOHDU�WKLV�ELW� 

 
)63,B&0'�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

����� :2 �[� 

&6 
'HYLFH�&KLS�6HOHFW� 
�
E����&KLS�VHOHFW�� 
�
E����&KLS�VHOHFW�� 
�
E����5HVHUYHG 
�
E����5HVHUYHG 

����� :2 �[���� 

75% 
7RWDO�7UDQVIHU�%\WHV 
��
G���1R�GDWD 
��
G�����%\WH 
��
G�����%\WHV 
��� 
7RWDO�GDWD�E\WHV�QXPEHU�WKDW�ZLOO�ZULWH�WR�RU�UHDG�IURP�WKH�
GHYLFH� 

����� :2 �[� 

$''5% 
$GGUHVV�%LWV 
�
E������ELW 
�
E�������ELWV 
�
E�������ELWV 
�
E����)URP�WKH�$%,7�UHJLVWHU 
$GGUHVV�ELWV�QXPEHU�VHOHFW�LQ�LQGLUHFW�DFFHVV�PRGH��,I�WKHUH�LV�
QRW�DGGUHVV�FRPPDQG�WR�VHQG��VHW�WR�]HUR� 

�� :2 �[� 

&217 
&RQWLQXRXV 
�
E���'LVDEOH�FRQWLQXRXV�PRGH 
�
E���(QDEOH�FRQWLQXRXV�PRGH 
$;�PRGH�RU�&RQWLQXRXV�PRGH�RU�;,3�PRGH�IRU�GHYLFH�ZKLFK�
EHJLQV�ZLWK�DGGUHVV� 

�� :2 �[� 
:5 
:ULWH�RU�5HDG 
�
E���5HDG 
�
E���:ULWH 

���� :2 �[� 

'800 
'XPP\�&\FOHV 
�
K���1R�GXPP\�F\FOH 
��� 
�
K�����F\FOHV 
��� 
'XPP\�ELW�F\FOHV�LQ�LQGLUHFW�DFFHVV�PRGH� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  845 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� :2 �[�� 
&0' 
&RPPDQG 
&RPPDQG�GDWD�LQ�LQGLUHFW�DFFHVV�PRGH� 

 
)63,B$''5�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� :2 �[�������� 
$''5 
$GGUHVV�5HJLVWHU 
,QGLUHFW�DFFHVV�VWDUW�DGGUHVV�GDWD�IRU�FXUUHQW�FRPPDQG�
VHTXHQFH� 

 
)63,B'$7$�  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

���� 5: �[�������� 
'$7$ 
'DWD�5HJLVWHU 
'HYLFH�GDWD�UHDG�RU�ZULWH�IURP�WR�GHYLFH� 

 
)63,B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[����� UHVHUYHG 

����� 5: �[� 

'$7% 
'DWD�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�'$7%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

����� 5: �[� 

$'5% 
$GGUHVV�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�$'5%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

��� 5: �[� 

&0'% 
&RPPDQG�/LQH�:LGWK 
�
E������ELW��[��PRGH 
�
E������ELWV��[��PRGH 
�
E������ELWV��[��PRGH 
�
E����5HVHUYHG 
6HW�WKLV�&0'%�WR�PDWFK�WKH�&0'�VHTXHQFH�EHIRUH�GRLQJ�LQGLUHFW�
DFFHVV�PRGH�DQG�PHPRU\�PDSSHG�DFFHVV�PRGH� 

��� 5: �[� 

,'/(B&<&/( 
,GOH�&\FOHV�:KHQ�6ZLWFKLQJ�,2�IURP�2XWSXW�WR�,QSXW 
�
K���,GOH�KROG�LV�GLVDEOH 
�
K���+ROG�WKH�6&/.�LQ�LGOH�IRU���F\FOHV�ZKHQ�VZLWFK�WR�VKLIW�LQ 
��� 
�
KI��+ROG�WKH�6&/.�LQ�LGOH�IRU����F\FOHV�ZKHQ�VZLWFK�WR�VKLIW�LQ 
7R�LPSURYH�WKH�WUDQVIRUP�,2�WLPLQJ��WKH�DSSOLFDWLRQ�FDQ�VHW�WKLV�
UHJLVWHU�WR�KROG�WKH�6&/.�LQ�ORZ�VWDWH�RU�KLJK�VWDWH� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  846 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
��� 52 �[� UHVHUYHG 

� 5: �[� 

6+,)73+$6( 
6KLIW�3KDVH�RI�'DWD�,QSXW�LQ�&RQWUROOHU 
�
E���6KLIW�LQSXW�GDWD�DW�SRVHGJH�6&/. 
�
E���6KLIW�LQSXW�GDWD�DW�QHJHGJH�6&/. 
7KH�DSSOLFDWLRQ�FDQ�VHOHFW�WKH�LQSXW�GDWD�FDSWXUHG�E\�SRVHGJH�RI�
6&/.�ZKHQ�����RU�QHJHGJH�RI�6&/.�ZKHQ����� 

� 5: �[� 

63,0 
6HULDO�3HULSKHUDO�,QWHUIDFH�0RGH 
�
E���0RGH�� 
�
E���0RGH�� 
63,0�LV�XVHG�WR�FRQWURO�WKH�VHULDO�PRGH��&32/�DQG�&3+$���&32/�
LQGLFDWHV�FORFN�SRODULW\�RI�6HULDO�PDVWHU��&32/ ��IRU�6&/.�KLJK�
ZKLOH�LGOH��&32/ ��IRU�6&/.�ORZ�ZKLOH�QRW�WUDQVPLWWLQJ��&3+$�
LQGLFDWHV�FORFN�SKDVH��7KH�FRPELQDWLRQ�RI�&32/�ELW�DQG�&3+$�ELW�
GHFLGHV�ZKLFK�6HULDO�PRGH�LV�VXSSRUWHG� 

 
)63,B$;��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������ UHVHUYHG 

��� 5: �[�� 
$; 
$X[LOLDU\�'DWD 
7KH�$;�YDOXH�ZKHQ�GRLQJ�WKH�FRQWLQXRXV�UHDG��HQKDQFH�PRGH�RU�
;,3�PRGH���7KDW�LV�0��0��LQ��&RQWLQXRXV�5HDG�0RGH�� 

 
)63,B$%,7��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

$%,7 
$GGUHVV�%LWV�([WHQG 
�
K�����ELW 
�
K�����ELWV 
��� 
�
K�I�����ELWV 
2QO\�YDOLG�ZKHQ�$''5%�LV�VHW�WR��
E��� 

 
)63,B'//B&75/��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[���&� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

�� 5: �[� 

6&/.B603B6(/ 
6&/.�VDPSOLQJ�VHOHFWLRQ 
�
E���%\SDVV�'// 
�
E���)URP�'// 
7KH�VDPSOLQJ�6&/.�VRXUFH�VHOHFWLRQ� 

���� 52 �[�� UHVHUYHG 
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%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

��� 5: �[��� 

603B'//B&)* 
6DPSOH�'HOD\�/LQH�&RQILJXUDWLRQ 
�
K�����'//�HOHPHQW�FHOO 
�
K�����'//�HOHPHQW�FHOO 
�
K�����'//�HOHPHQW�FHOOV 
��� 
�
K�II������'//�HOHPHQW�FHOOV 
7KLV�UHJLVWHU�WR�FRQWURO�WKH�VDPSOLQJ�GHOD\�OLQH�FHOO�XVHG��7KH�
PD[LPXP�'//�HOHPHQW�FHOOV�LV�GHFLGHG�E\�SURFHVV� 

 
)63,B;00&B:&0'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� :2 �[� 

$''5% 
$GGUHVV�%LWV 
�
E������ELW 
�
E�������ELWV 
�
E�������ELWV 
�
E����)URP�WKH�$%,7�UHJLVWHU 
$GGUHVV�ELWV�QXPEHU�VHOHFW�LQ�PHPRU\�PDSSHG�PRGH��LI�WKHUH�LV�
QRW�DGGUHVV�FRPPDQG�WR�VHQG��VHW�WR�]HUR� 

�� :2 �[� 

&217 
&RQWLQXRXV 
�
E���'LVDEOH�FRQWLQXRXV�PRGH 
�
E���(QDEOH�FRQWLQXRXV�PRGH 
$;�PRGH�RU�&RQWLQXRXV�PRGH�RU�;,3�PRGH�IRU�GHYLFH�ZKLFK�
EHJLQV�ZLWK�DGGUHVV� 

�� 52 �[� UHVHUYHG 

���� :2 �[� 

'800 
'XPP\�&\FOHV 
�
K���1R�GXPP\�F\FOH 
��� 
�
K�����F\FOHV 
��� 
'XPP\�ELW�F\FOHV�LQ�PHPRU\�PDSSHG�PRGH� 

��� :2 �[�� 
&0' 
&RPPDQG 
&RPPDQG�GDWD�LQ�PHPRU\�PDSSHG�DFFHVV�PRGH� 

 
)63,B;00&B5&0'��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
����� 52 �[���� UHVHUYHG 

����� :2 �[� 

$''5% 
$GGUHVV�%LWV 
�
E������ELW 
�
E�������ELWV 
�
E�������ELWV 
�
E����)URP�WKH�$%,7�UHJLVWHU 
$GGUHVV�ELWV�QXPEHU�VHOHFW�LQ�PHPRU\�PDSSHG�PRGH��LI�WKHUH�LV�
QRW�DGGUHVV�FRPPDQG�WR�VHQG��VHW�WR�]HUR� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  848 

%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 

�� :2 �[� 

&217 
&RQWLQXRXV 
�
E���'LVDEOH�FRQWLQXRXV�PRGH 
�
E���(QDEOH�FRQWLQXRXV�PRGH 
$;�PRGH�RU�&RQWLQXRXV�PRGH�RU�;,3�PRGH�IRU�GHYLFH�ZKLFK�
EHJLQV�ZLWK�DGGUHVV� 

�� 52 �[� UHVHUYHG 

���� :2 �[� 

'800 
'XPP\�&\FOHV 
�
K���1R�GXPP\�F\FOH 
��� 
�
K�����F\FOHV 
��� 
'XPP\�ELW�F\FOHV�LQ�PHPRU\�PDSSHG�PRGH� 

��� :2 �[�� 
&0' 
&RPPDQG 
&RPPDQG�GDWD�LQ�PHPRU\�PDSSHG�DFFHVV�PRGH� 

 
)63,B'(96,=(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[������� UHVHUYHG 

��� 5: �[�� 

'6,=( 
'HYLFH�6L]H 
�
G�����E\WH 
�
G�����E\WHV 
�
G�����E\WHV 
����� 
�
G�����.�E\WHV 
����� 
�
G�����0�E\WHV 
����� 
�
G�����*�E\WHV 
'HYLFH�VL]H�LV�XVHG�WR�JHQHUDWH�VORS�RYHU�VWDWXV� 

 
)63,B70(��  
$GGUHVV��2SHUDWLRQDO�%DVH���RIIVHW���[����� 
%LW $WWU 5HVHW�9DOXH 'HVFULSWLRQ 
���� 52 �[�������� UHVHUYHG 

� 5: �[� 
6&/.B,1$70B(1 
6&/.�,QDFWLYH�7LPHRXW�(QDEOH 
�
E���'LVDEOH 
�
E���(QDEOH 

� 52 �[� UHVHUYHG 
 

27.5 Interface Description 
Table 27-2 FSPI(SFC) interface description 

Module Pin DirǄ Pin Name IOMUX Setting 

sfc_clk O )63,B&/.�)/$6+B$/(�*3,2�B'�BG *5)B*3,2�'B,208;B/>���@ �¶K� 

sfc_csn0 O )63,B&6�Q�)/$6+B&6�Q�*3,2�B'�BX *5)B*3,2�'B,208;B/>�����@ �¶K� 

sfc_csn1 O 
(00&B'$7$B6752%(�)63,B&6�Q�)/$6+B&/(�*3,2�

B&�BG 
*5)B*3,2�&B,208;B+>����@ �¶K� 

sfc_sio0 I/O )63,B'��)/$6+B5'<�*3,2�B'�BX *5)B*3,2�'B,208;B/>���@ �¶K� 
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Module Pin DirǄ Pin Name IOMUX Setting 

sfc_sio1 I/O )63,B'��)/$6+B5'Q�*3,2�B'�BX *5)B*3,2�'B,208;B/>����@ �¶K� 

sfc_sio2 I/O (00&B567Q�)63,B'��)/$6+B:3Q�*3,2�B&�BG *5)B*3,2�&B,208;B+>�����@ �¶K� 

sfc_sio3 I/O )63,B'��)/$6+B&6�Q�*3,2�B'�BX *5)B*3,2�'B,208;B+>���@ �¶K� 

1RWHV��, LQSXW��2 RXWSXW��,�2 LQSXW�RXWSXW��ELGLUHFWLRQDO� 
 

27.6 Application Notes 
27.6.1 7\SLFDO�3URJUDP�)ORZ�:LWKRXW�'0$ 

Start

FSPI_SR

IDLE

Write Enable
CMD SEQ

BUSY

Program
CMD SEQ

Config FSPI_CTRL 
and other relative 
register to select 
operation mode

Config FSPI_CMD

Config FSPI_ADDR

ADDR is needed

Y

DATA is needed

N

W/R FSPI_DATA 
Loop

Y

FSPI_SR

Done

N

IDLE

BUSY

Read Statues
CMD SEQ

WIP

1

0

Done

 
Fig.27-2 Program Flow 

$OO�WKH�$+%�EXV�ZULWH�GDWD�WR�)63,B&0'��)63,B$''5�DQG�)63,B'$7$�ZLOO�EH�PDUNHG�ZLWK�
GLIIHUHQW�KHDGHU�DQG�WKHQ�SXVKHG�LQWR�WUDQVPLW�),)2�E\�ZULWLQJ�RUGHU� 
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27.6.2 7\SLFDO�5($'�)ORZ�:LWKRXW�'0$ 

Start

FSPI_SR

IDLE

READ
CMD SEQ

BUSY

Done

Config FSPI_CTRL 
and other relative 
register to select 
operation mode

Config FSPI_CMD

Config FSPI_ADDR

ADDR is needed

Y

DATA is needed

N

W/R FSPI_DATA 
Loop

Y

FSPI_SR

Done

N

IDLE

BUSY

 
Fig.27-3 Read Flow 
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27.6.3 &RPPDQG�)ORZ�ZLWK�'0$ 

Config FSPI_CTRL 
and other relative 
register to select 
operation mode

Config FSPI_CMD

Config FSPI_ADDR

ADDR is needed

Y

DATA is needed

N

 Config DMAADDR, 
then config 

FSPI_DMATR

Y

FSPI_SR

N

IDLE

BUSY

Wait DMAS 
interrrupt Done

Y

N

 
Fig.27-4 Command with DMA Flow 

 
7KH�WRWDO�WUDQVIHU�E\WHV�LV�GHFLGHG�E\�75%�UHJLVWHU�LQ�)63,B&0'�DQG�PXVW�EH�DOLJQHG�WR���
E\WHV� 



5.5.�����750�3DUW��  

&RS\ULJKW��������5RFNFKLS�(OHFWURQLFV�&R���/WG�� � � � � � � � � � � � � � �  852 

27.6.4 63,�0RGH�DQG�6KLIW�3KDVH 
7KH�UHJLVWHU�63,0�LQ�)63,B&75/�ZLOO�GHFLGH�WKH�GHIDXOW�YDOXH�RI�6&/.�ZKHQ�&6��LV�LQDFWLYH��
:KHQ�63,0 ���WKH�GHIDXOW�YDOXH�LV����PHDQV�0RGH����:KHQ�63,0 ���WKH�GHIDXOW�YDOXH�LV����
PHDQV�63,�0RGH����  
7KH�UHJLVWHU�6+,)73$+6(�LQ�)63,B&75/�ZLOO�GHFLGH�ZKHQ�WR�VDPSOH�WKH�6,2�GDWD��,I�
6+,)73$+6( ���LW�ZLOO�VDPSOH�WKH�GDWD�DW�WKH�SRVHGJH�RI�VFONBRXW��,I�6+,)73+$6( ���LW�ZLOO�
VDPSOH�WKH�GDWD�DW�WKH�QHJHGJH�RI�VFONBRXW� 

A5cmd A4 A0 D1 D0

csn

sclk_out

sio[3:0]

SFC_CTRL.SPIM=1

SFC_CTRL.SPIM=0

SFC_CTRL.SHIFTPHASE=0 SFC_CTRL.SHIFTPHASE=1

 
Fig.27-5 SPI mode 

 
27.6.5 ,GOH�&\FOHV 
7KH�)63,B&75/�UHJLVWHU�LV�D�JOREDO�FRQWURO�UHJLVWHU��ZKHQ�WKH�FRQWUROOHU�LV�LQ�EXV\�VWDWH�
�)63,B65���)63,B&75/�FDQQRW�EH�VHW��7KH�ILHOG�,'/(B&<&/(��)63,B&75/>���@��RI�WKLV�
UHJLVWHU�DUH�XVHG�WR�FRQILJXUH�WKH�LGOH�OHYHO�F\FOHV�RI�)63,�FRUH�FORFN��VFON��EHIRUH�UHDGLQJ�
WKH�ILUVW�ELW�RI�WKH�UHDG�FRPPDQG�� �  
/LNH�WKH�IROORZLQJ�SLFWXUH�VKRZV��WKH�UHG�OLQH�RI�WKH�VFON�LV�WKH�LGOH�F\FOHV��GXULQJ�WKHVH�
F\FOHV��WKH�FKLS�SDG�LV�VZLWFKHG�WR�RXWSXW��:KHQ�,'/(B&<&/(� ���LW�PHDQV�WKHUH�ZLOO�EH�QRW�
LGOH�OHYHO�F\FOHV� 

A5cmd A4 A0 D1 D0

csn

sclk

sio[ 3: 0]  
Fig.27-6 Idle cycles 

 
27.6.6 0HPRU\�0DSSHG�0RGH 
$IWHU�WKH�&RQWUROOHU�LV�FRQILJXUHG�DV�0HPRU\�0DSSHG�PRGH��WKH�QRUPDO�RSHUDWLRQ�PRGH�LV�
QRW�DOORZHG�ZKLFK�PHDQV�LQGLUHFW�FRPPDQG�WUDQVDFWLRQ�LV�IRUELGGHQ�XQOHVV�VRIWZDUH�
FRQILJXUHV�WKH�)63,B02'(�EDFN�WR�LQGLUHFW�DFFHVV�PRGH� 
%HIRUH�VZLWFKLQJ�LQWR�0HPRU\�0DSSHG�PRGH��WKH�VRIWZDUH�VKRXOG�LQLWLDWH�VRPH�WUDQVDFWLRQV�
WR�FRQILJXUH�WKH�H[WHUQDO�GHYLFH��VXFK�DV�4XDG�,2�HQDEOH�DQG�,2�'ULYH�6WUHQJWK� 
,Q�0HPRU\�0DSSHG�PRGH��LW�VXSSRUWV�UHDG�WUDQVDFWLRQ�IURP�VHULDO�125�)ODVK�DQG�VHULDO�
S65$0��DQG�WKH�ZULWH�WUDQVDFWLRQ�LV�RQO\�VXSSRUW�E\�VHULDO�S65$0� 
 
 
 


