
706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV

��)HDWXUHV

� 706���&��[����ELW�'63�FRUH�DW�����0+]
± ,(((�����)ORDWLQJ�3RLQW�8QLW��)38�

� 6XSSRUW�IRU�)DVW�,QWHJHU�'LYLVLRQ��),17',9�
± 7ULJRQRPHWULF�0DWK�8QLW��708�

� 6XSSRUW�IRU�1RQOLQHDU�3URSRUWLRQDO�,QWHJUDO�
'HULYDWLYH��1/3,'��FRQWURO

± &5&�(QJLQH�DQG�,QVWUXFWLRQV��9&5&�
± 7HQ�KDUGZDUH�EUHDNSRLQWV��ZLWK�(5$'�

� 3URJUDPPDEOH�&RQWURO�/DZ�$FFHOHUDWRU��&/$�
± ����0+]
± ,(((�����VLQJOH�SUHFLVLRQ�IORDWLQJ�SRLQW�

LQVWUXFWLRQV
± ([HFXWHV�FRGH�LQGHSHQGHQWO\�RI�PDLQ�&38

� 2Q�FKLS�PHPRU\
± ���.%�����.:��RI�IODVK��(&&�SURWHFWHG��

DFURVV�WKUHH�LQGHSHQGHQW�EDQNV
± ��.%������.:��RI�5$0��(&&�SURWHFWHG�
± 'XDO�]RQH�VHFXULW\
± 6HFXUH�%RRW�DQG�-7$*�/RFN

� &ORFN�DQG�V\VWHP�FRQWURO
± 7ZR�LQWHUQDO����0+]�RVFLOODWRUV
± &U\VWDO�RVFLOODWRU�RU�H[WHUQDO�FORFN�LQSXW
± :LQGRZHG�ZDWFKGRJ�WLPHU�PRGXOH
± 0LVVLQJ�FORFN�GHWHFWLRQ�FLUFXLWU\
± 'XDO�FORFN�&RPSDUDWRU��'&&�

� ����9�,�2�GHVLJQ
± ,QWHUQDO�95(*�JHQHUDWLRQ�DOORZV�IRU�VLQJOH�

VXSSO\�GHVLJQ
± %URZQRXW�UHVHW��%25��FLUFXLW

� 6\VWHP�SHULSKHUDOV
± ��FKDQQHO�'LUHFW�0HPRU\�$FFHVV��'0$��

FRQWUROOHU
± ���LQGLYLGXDOO\�SURJUDPPDEOH�PXOWLSOH[HG�

*HQHUDO�3XUSRVH�,QSXW�2XWSXW��*3,2��SLQV
± ���GLJLWDO�LQSXWV�RQ�DQDORJ�SLQV
± ��GLJLWDO�LQSXWV�RXWSXWV�RQ�DQDORJ�SLQV��$*3,2�
± (QKDQFHG�3HULSKHUDO�,QWHUUXSW�([SDQVLRQ�

�H3,(�
± 0XOWLSOH�ORZ�SRZHU�PRGH��/30��VXSSRUW
± (PEHGGHG�5HDO�WLPH�$QDO\VLV�DQG�'LDJQRVWLF�

�(5$'�
± 8QLTXH�,GHQWLILFDWLRQ��8,'��QXPEHU

� &RPPXQLFDWLRQV�SHULSKHUDOV
± 2QH�3RZHU�0DQDJHPHQW�%XV��30%XV��

LQWHUIDFH
± 7ZR�,QWHU�LQWHJUDWHG�&LUFXLW��,�&��LQWHUIDFHV
± 2QH�&RQWUROOHU�$UHD�1HWZRUN��&$1�'&$1��EXV�

SRUW

± 2QH�&RQWUROOHU�$UHD�1HWZRUN�ZLWK�)OH[LEOH�
'DWD�5DWH��&$1�)'�0&$1��EXV�SRUW

± 7ZR�6HULDO�3HULSKHUDO�,QWHUIDFH��63,��SRUWV
± 7ZR�8$57�FRPSDWLEOH�6HULDO�&RPPXQLFDWLRQ�

,QWHUIDFH��6&,�
± 7ZR�8$57�FRPSDWLEOH�/RFDO�,QWHUFRQQHFW�

1HWZRUN��/,1��LQWHUIDFHV
± )DVW�6HULDO�,QWHUIDFH��)6,��ZLWK�RQH�WUDQVPLWWHU�

DQG�RQH�UHFHLYHU��XS�WR����0ESV�
� $QDORJ�V\VWHP

± 7KUHH���0636�����ELW�$QDORJ�WR�'LJLWDO�
&RQYHUWHUV��$'&V�
� 8S�WR����H[WHUQDO�FKDQQHOV��LQFOXGHV�WKH�WZR�

JSGDF�RXWSXWV�
� )RXU�LQWHJUDWHG�3RVW�3URFHVVLQJ�%ORFNV�

�33%��SHU�$'&
± )RXU�ZLQGRZHG�FRPSDUDWRUV��&0366��ZLWK

���ELW�UHIHUHQFH�'LJLWDO�WR�$QDORJ�&RQYHUWHUV�
�'$&V�
� 'LJLWDO�JOLWFK�ILOWHUV

± 7ZR����ELW�EXIIHUHG�'$&�RXWSXWV
� (QKDQFHG�FRQWURO�SHULSKHUDOV

± ���H3:0�FKDQQHOV�ZLWK�HLJKW�FKDQQHOV�
WKDW�KDYH�KLJK�UHVROXWLRQ�FDSDELOLW\������SV�
UHVROXWLRQ�
� ,QWHJUDWHG�GHDG�EDQG�VXSSRUW
� ,QWHJUDWHG�KDUGZDUH�WULS�]RQHV��7=V�

± 7KUHH�(QKDQFHG�&DSWXUH��H&$3��PRGXOHV
� +LJK�UHVROXWLRQ�&DSWXUH��+5&$3��DYDLODEOH�

RQ�RQH�RI�WKH�WKUHH�H&$3�PRGXOHV
± 7ZR�(QKDQFHG�4XDGUDWXUH�(QFRGHU�3XOVH�

�H4(3��PRGXOHV�ZLWK�VXSSRUW�IRU�&:�&&:�
RSHUDWLRQ�PRGHV

± (LJKW�6LJPD�'HOWD�)LOWHU�0RGXOH��6')0��LQSXW�
FKDQQHOV��WZR�SDUDOOHO�ILOWHUV�SHU�FKDQQHO�
� 6WDQGDUG�6')0�GDWD�ILOWHULQJ
� &RPSDUDWRU�ILOWHU�IRU�IDVW�DFWLRQ�IRU�

RYHUYDOXH�RU�XQGHUYDOXH�FRQGLWLRQ
± (PEHGGHG�3DWWHUQ�*HQHUDWRU��(3*�

� &RQILJXUDEOH�/RJLF�%ORFN��&/%�
± ��WLOHV
± $XJPHQWV�H[LVWLQJ�SHULSKHUDO�FDSDELOLW\
± 6XSSRUWV�SRVLWLRQ�PDQDJHU�VROXWLRQV

� +RVW�,QWHUIDFH�&RQWUROOHU��+,&�
± $FFHVV�WR�LQWHUQDO�PHPRU\�IURP�DQ�H[WHUQDO�

KRVW
� %DFNJURXQG�&5&��%*&5&�

± 2QH�F\FOH�&5&�FRPSXWDWLRQ�RQ����ELWV�RI�GDWD
� $GYDQFHG�(QFU\SWLRQ�6WDQGDUG��$(6��DFFHOHUDWRU
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� /LYH�)LUPZDUH�8SGDWH��/)8�
± )DVW�FRQWH[W�VZLWFKLQJ�IURP�ROG�WR�QHZ�ILUPZDUH
± )ODVK�EDQN�HUDVH�WLPH�LPSURYHPHQWV

� 'LDJQRVWLF�IHDWXUHV
± 0HPRU\�3RZHU�2Q�6HOI�7HVW��03267�
± +DUGZDUH�%XLOW�LQ�6HOI�7HVW��+:%,67�

� 3DFNDJH�RSWLRQV�
± ����SLQ�/RZ�SURILOH�4XDG�)ODWSDFN��/4)3�

>3=�VXIIL[@
± ���SLQ�/RZ�SURILOH�4XDG�)ODWSDFN��/4)3�

>31�VXIIL[@
± ���SLQ��/4)3��>30�VXIIL[@
± ���SLQ��/4)3��>37�VXIIL[@

� 7HPSHUDWXUH�RSWLRQV�
± )UHH�DLU��7$���±���&�WR�����&
± -XQFWLRQ��7-���±���&�WR�����&

��$SSOLFDWLRQV

� $SSOLDQFHV
± $LU�FRQGLWLRQHU�RXWGRRU�XQLW

� %XLOGLQJ�DXWRPDWLRQ
± 'RRU�RSHUDWRU�GULYH�FRQWURO

� ,QGXVWULDO�PDFKLQH�	�PDFKLQH�WRROV
± $XWRPDWHG�VRUWLQJ�HTXLSPHQW
± 7H[WLOH�PDFKLQH

� $&�LQYHUWHU�	�9)�GULYHV
± $&�GULYH�FRQWURO�PRGXOH
± $&�GULYH�SRVLWLRQ�IHHGEDFN
± $&�GULYH�SRZHU�VWDJH�PRGXOH

� /LQHDU�PRWRU�WUDQVSRUW�V\VWHPV
± /LQHDU�PRWRU�SRZHU�VWDJH

� 6LQJOH�	�PXOWL�D[LV�VHUYR�GULYHV
± 6HUYR�GULYH�SRVLWLRQ�IHHGEDFN
± 6HUYR�GULYH�SRZHU�VWDJH�PRGXOH

� 6SHHG�FRQWUROOHG�%/'&�GULYHV
± $&�LQSXW�%/'&�PRWRU�GULYH
± '&�LQSXW�%/'&�PRWRU�GULYH

� )DFWRU\�DXWRPDWLRQ
± 5RERW�VHUYR�GULYH
± 0RELOH�URERW�PRWRU�FRQWURO
± 3RVLWLRQ�VHQVRU

� ,QGXVWULDO�SRZHU
± ,QGXVWULDO�$&�'&

� 836
± 7KUHH�SKDVH�836
± 6LQJOH�SKDVH�RQOLQH�836

� 7HOHFRP�	�VHUYHU�SRZHU
± 0HUFKDQW�'&�'&
± 0HUFKDQW�QHWZRUN�	�VHUYHU�368
± 0HUFKDQW�WHOHFRP�UHFWLILHUV

� +\EULGV��HOHFWULF�	�SRZHUWUDLQ�V\VWHPV
± '&�'&�FRQYHUWHU
± ,QYHUWHU�	�PRWRU�FRQWURO
± 2Q�ERDUG��2%&��	�ZLUHOHVV�FKDUJHU
± 9LUWXDO�HQJLQH�VRXQG�V\VWHP��9(66�
± (QJLQH�IDQ
± H7XUER�FKDUJHU
± 3XPS
± (OHFWULF�SRZHU�VWHHULQJ��(36�

� ,QIRWDLQPHQW�DQG�FOXVWHU
± +HDG�XS�GLVSOD\
± $XWRPRWLYH�KHDG�XQLW
± $XWRPRWLYH�H[WHUQDO�DPSOLILHU

� %RG\�HOHFWURQLFV�	�OLJKWLQJ
± $XWRPRWLYH�+9$&�FRPSUHVVRU�PRGXOH
± '&�$&�LQYHUWHU
± +HDGOLJKW

� $'$6
± 0HFKDQLFDOO\�VFDQQLQJ�/,'$5

� (9�FKDUJLQJ�LQIUDVWUXFWXUH
± $&�FKDUJLQJ��SLOH��VWDWLRQ
± '&�FKDUJLQJ��SLOH��VWDWLRQ
± (9�FKDUJLQJ�VWDWLRQ�SRZHU�PRGXOH
± :LUHOHVV�(9�FKDUJLQJ�VWDWLRQ

� 5HQHZDEOH�HQHUJ\�VWRUDJH
± (QHUJ\�VWRUDJH�SRZHU�FRQYHUVLRQ�V\VWHP�

�3&6�
� 6RODU�HQHUJ\

± &HQWUDO�LQYHUWHU
± 0LFUR�LQYHUWHU
± 6RODU�SRZHU�RSWLPL]HU
± 6RODU�DUF�SURWHFWLRQ
± 5DSLG�VKXWGRZQ
± 6WULQJ�LQYHUWHU

��'HVFULSWLRQ
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7KHVH�LQFOXGH�VXFK�DSSOLFDWLRQV�DV�

� 0RWRU�GULYHV
� $SSOLDQFHV
� +\EULG��HOHFWULF�	�SRZHUWUDLQ�V\VWHPV
� 6RODU�	�(9�FKDUJLQJ
� 'LJLWDO�SRZHU
� %RG\�HOHFWURQLFV�	�OLJKWLQJ
� 7HVW�	�PHDVXUHPHQW

7KH� UHDO�WLPH� FRQWURO� VXEV\VWHP� LV� EDVHG� RQ� 7,¶V� ���ELW� &��[�'63� FRUH��ZKLFK� SURYLGHV� ����0+]� RI� VLJQDO�
SURFHVVLQJ� SHUIRUPDQFH� IRU� IORDWLQJ�� RU� IL[HG�SRLQW� FRGH� UXQQLQJ� IURP� HLWKHU� RQ�FKLS� IODVK� RU� 65$0�� 7KH�
&��[� &38� LV� IXUWKHU� ERRVWHG� E\� WKH� )ORDWLQJ�3RLQW� 8QLW� �)38��� 7ULJRQRPHWULF� 0DWK� 8QLW� �708��� DQG� 9&5&�
�&\FOLFDO�5HGXQGDQF\�&KHFN��H[WHQGHG�LQVWUXFWLRQ�VHWV��VSHHGLQJ�XS�FRPPRQ�DOJRULWKPV�NH\�WR�UHDO�WLPH�FRQWURO�
V\VWHPV�

7KH�&/$�DOORZV�VLJQLILFDQW�RIIORDGLQJ�RI�FRPPRQ�WDVNV�IURP�WKH�PDLQ�&��[�&38��7KH�&/$�LV�DQ� LQGHSHQGHQW�
���ELW� IORDWLQJ�SRLQW�PDWK�DFFHOHUDWRU� WKDW�H[HFXWHV� LQ�SDUDOOHO�ZLWK� WKH�&38��$GGLWLRQDOO\�� WKH�&/$�KDV� LWV�RZQ�
GHGLFDWHG�PHPRU\�UHVRXUFHV�DQG�LW�FDQ�GLUHFWO\�DFFHVV�WKH�NH\�SHULSKHUDOV�WKDW�DUH�UHTXLUHG�LQ�D�W\SLFDO�FRQWURO�
V\VWHP��6XSSRUW�RI�D�VXEVHW�RI�$16,�&�LV�VWDQGDUG��DV�DUH�NH\�IHDWXUHV�OLNH�KDUGZDUH�EUHDNSRLQWV�DQG�KDUGZDUH�
WDVN�VZLWFKLQJ�

7KH�)�����[�VXSSRUWV�XS�WR����.%�����.:��RI� IODVK�PHPRU\�GLYLGHG� LQWR� WKUHH����.%����.:��EDQNV��ZKLFK�
HQDEOH� SURJUDPPLQJ� DQG� H[HFXWLRQ� LQ� SDUDOOHO�� 8S� WR� ��.%� �����.:�� RI� RQ�FKLS� 65$0� LV� DOVR� DYDLODEOH� WR�
VXSSOHPHQW�WKH�IODVK�PHPRU\�

7KH� /LYH� )LUPZDUH� 8SGDWH� KDUGZDUH� HQKDQFHPHQWV� RQ� )�����[� DOORZ� IDVW� FRQWH[W� VZLWFKLQJ� IURP� WKH� ROG�
ILUPZDUH�WR�WKH�QHZ�ILUPZDUH�WR�PLQLPL]H�DSSOLFDWLRQ�GRZQWLPH�ZKHQ�XSGDWLQJ�WKH�GHYLFH�ILUPZDUH�

+LJK�SHUIRUPDQFH�DQDORJ�EORFNV�DUH�LQWHJUDWHG�RQ�WKH�)�����[�UHDO�WLPH�PLFURFRQWUROOHU��0&8��DQG�DUH�FORVHO\�
FRXSOHG�ZLWK�WKH�SURFHVVLQJ�DQG�3:0�XQLWV�WR�SURYLGH�RSWLPDO�UHDO�WLPH�VLJQDO�FKDLQ�SHUIRUPDQFH��6L[WHHQ�3:0�
FKDQQHOV��DOO�VXSSRUWLQJ�IUHTXHQF\�LQGHSHQGHQW�UHVROXWLRQ�PRGHV��HQDEOH�FRQWURO�RI�YDULRXV�SRZHU�VWDJHV�IURP�D�
��SKDVH�LQYHUWHU�WR�SRZHU�IDFWRU�FRUUHFWLRQ�DQG�DGYDQFHG�PXOWL�OHYHO�SRZHU�WRSRORJLHV�

7KH�LQFOXVLRQ�RI�WKH�&RQILJXUDEOH�/RJLF�%ORFN��&/%��DOORZV�WKH�XVHU�WR�DGG�FXVWRP�ORJLF�DQG�SRWHQWLDOO\�LQWHJUDWH�
)3*$�OLNH�IXQFWLRQV�LQWR�WKH�&�����UHDO�WLPH�0&8�

,QWHUIDFLQJ�LV�VXSSRUWHG�WKURXJK�YDULRXV�LQGXVWU\�VWDQGDUG�FRPPXQLFDWLRQ�SRUWV��VXFK�DV�63,��6&,��,�&��30%XV��
/,1��&$1�DQG�&$1�)'��DQG�RIIHUV�PXOWLSOH�SLQ�PX[LQJ�RSWLRQV� IRU� RSWLPDO� VLJQDO� SODFHPHQW��7KH�)DVW�6HULDO�
,QWHUIDFH��)6,��HQDEOHV�XS�WR�����0ESV�RI�UREXVW�FRPPXQLFDWLRQV�DFURVV�DQ�LVRODWLRQ�ERXQGDU\�

1HZ� WR� WKH�&����� SODWIRUP� LV� WKH� +RVW� ,QWHUIDFH�&RQWUROOHU� �+,&��� D� KLJK�WKURXJKSXW� LQWHUIDFH� WKDW� DOORZV� DQ�
H[WHUQDO�KRVW�WR�DFFHVV�WKH�UHVRXUFHV�RI�WKH�706���)�����[�GLUHFWO\�

:DQW�WR�OHDUQ�PRUH�DERXW�IHDWXUHV�WKDW�PDNH�&�����5HDO�7LPH�0&8V�WKH�ULJKW�FKRLFH�IRU�\RXU�UHDO�WLPH�FRQWURO�
V\VWHP"�&KHFN�RXW�7KH�(VVHQWLDO�*XLGH�IRU�'HYHORSLQJ�:LWK�&������5HDO�7LPH�0LFURFRQWUROOHUV�DQG�YLVLW�WKH�
&������UHDO�WLPH�FRQWURO�0&8V�SDJH�

7KH�*HWWLQJ�6WDUWHG�:LWK�&������5HDO�7LPH�&RQWURO�0LFURFRQWUROOHUV��0&8V��*HWWLQJ�6WDUWHG�*XLGH�FRYHUV�DOO�
DVSHFWV�RI�GHYHORSPHQW�ZLWK�&�����GHYLFHV� IURP�KDUGZDUH� WR�VXSSRUW� UHVRXUFHV�� ,Q�DGGLWLRQ� WR�NH\�UHIHUHQFH�
GRFXPHQWV��HDFK�VHFWLRQ�SURYLGHV�UHOHYDQW�OLQNV�DQG�UHVRXUFHV�WR�IXUWKHU�H[SDQG�RQ�WKH�LQIRUPDWLRQ�FRYHUHG�

5HDG\�WR�JHW�VWDUWHG"�&KHFN�RXW�WKH�70'6&1&'������&�HYDOXDWLRQ�ERDUG�DQG�GRZQORDG�&����:DUH�

ZZZ�WL�FRP
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'HYLFH�,QIRUPDWLRQ

3$57�180%(5��� &21752/�/$:�

$&&(/(5$725��&/$�

&21),*85$%/(�

/2*,&�%/2&.��&/%�
)/$6+�6,=(

706���)������&�4���
706���)������&

<HV ��7LOHV

���.%
706���)�������4���
706���)������

<HV ±

706���)������&�4� <HV ��7LOHV

706���)�������4� <HV ±

706���)������&�4���
706���)������&

<HV ��7LOHV

���.%
706���)�������4���
706���)������

<HV ±

706���)������&�4� <HV ��7LOHV

706���)�������4� <HV ±

706���)�������4���
706���)������

<HV ± ���.%

706���)������ 1R ± ���.%

��� )RU�PRUH�LQIRUPDWLRQ�RQ�WKHVH�GHYLFHV��VHH�WKH�'HYLFH�&RPSDULVRQ�WDEOH�
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����)XQFWLRQDO�%ORFN�'LDJUDP

7KH�)XQFWLRQDO�%ORFN�'LDJUDP�VKRZV�WKH�&38�V\VWHP�DQG�DVVRFLDWHG�SHULSKHUDOV�

C28x CPU

(120 MHz)

FPU32

TMU

VCRC

FINTDIV

DIAGNOSTICS

DCC

MPOST

HWBIST

ERAD

JTAG/cJTAG

Boot ROM

Secure ROM

Flash Bank0

16 Sectors, 64Kw(128 KB)

M0-M1 RAM

2Kw(4 KB)

LS0-LS7 RAM

16Kw(32 KB)

GS0-GS3 RAM

16Kw(32 KB) 

BGCRC

HIC

DMA

6 Channels

CLA to CPU MSG RAM

CPU to CLA MSG RAM

CLA Data ROM

CLA Program ROM

CLA

(120 MHz)

PF1

16x ePWM

(8 Hi-Res Capable)

3x eCAP

(1 HRCAP Capable)

2x eQEP

(CW/CCW Support)

8x SD Filters

4x CMPSS

2x Buffered DAC

3x 12-Bit ADC

Result

PF3

55x GPIO

Data

Input XBAR

Output XBAR

ePWM XBAR

PF4

1x PMBUS

2x SPI

1x FSI RX

1x FSI TX

PF2

1x 

DCAN/

CAN

2x LIN
(A) 2x SCI

2x I2C

PF7 PF8 PF9

Flash Bank1

16 Sectors, 64Kw(128 KB)

Flash Bank2

16 Sectors, 64Kw(128 KB)

1x MCAN/

CAN FD

4x CLB

CLA to DMA MSG RAM

DMA to CLA MSG RAM

PF10 PF11

1x AES

SYSTEM CONTROL

CPU Timers

XTAL

INTOSC1, INTOSC2

PLL

ePIE

Windowed WD

NMI WD

SECURITY

DCSM

JTAG Lock

Secure Boot

PF12

CLB XBAR

CLB Input XBAR

CLB Output XBAR

PF7

LFU

OTHERS

EPG

CPU

CLU

DMA

HIC

BGCRC

Buses Legend

$� 7KH�/,1�PRGXOH�FDQ�DOVR�ZRUN�DV�DQ�6&,�

)LJXUH������)XQFWLRQDO�%ORFN�'LDJUDP
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7DEOH�RI�&RQWHQWV

��)HDWXUHV�����������������������������������������������������������������������������
��$SSOLFDWLRQV��������������������������������������������������������������������� �
��'HVFULSWLRQ������������������������������������������������������������������������
����)XQFWLRQDO�%ORFN�'LDJUDP������������������������������������������� �

5HYLVLRQ�+LVWRU\����������������������������������������������������������������� �
��'HYLFH�&RPSDULVRQ��������������������������������������������������������� �
����5HODWHG�3URGXFWV������������������������������������������������������ ��

��3LQ�&RQILJXUDWLRQ�DQG�)XQFWLRQV��������������������������������� ��
����3LQ�'LDJUDPV���������������������������������������������������������������
����3LQ�$WWULEXWHV���������������������������������������������������������������
����6LJQDO�'HVFULSWLRQV��������������������������������������������������� ��
����3LQ�0XOWLSOH[LQJ�����������������������������������������������������������
����3LQV�:LWK�,QWHUQDO�3XOOXS�DQG�3XOOGRZQ�������������������� ��
����&RQQHFWLRQV�IRU�8QXVHG�3LQV����������������������������������� ��

��6SHFLILFDWLRQV���������������������������������������������������������������� ��
����$EVROXWH�0D[LPXP�5DWLQJV�������������������������������������� ��
����(6'�5DWLQJV�±�&RPPHUFLDO�������������������������������������� ��
����(6'�5DWLQJV�±�$XWRPRWLYH��������������������������������������� ��
����5HFRPPHQGHG�2SHUDWLQJ�&RQGLWLRQV�������������������������
����3RZHU�&RQVXPSWLRQ�6XPPDU\��������������������������������� ��
����(OHFWULFDO�&KDUDFWHULVWLFV���������������������������������������������
����7KHUPDO�5HVLVWDQFH�&KDUDFWHULVWLFV�IRU�3=�
3DFNDJH���������������������������������������������������������������������� ��

����7KHUPDO�5HVLVWDQFH�&KDUDFWHULVWLFV�IRU�31�
3DFNDJH���������������������������������������������������������������������� ��

����7KHUPDO�5HVLVWDQFH�&KDUDFWHULVWLFV�IRU�30�
3DFNDJH���������������������������������������������������������������������� ��

�����7KHUPDO�5HVLVWDQFH�&KDUDFWHULVWLFV�IRU�37�
3DFNDJH���������������������������������������������������������������������� ��

�����7KHUPDO�'HVLJQ�&RQVLGHUDWLRQV��������������������������������
�����6\VWHP�������������������������������������������������������������������� ��
�����$QDORJ�3HULSKHUDOV���������������������������������������������������
�����&RQWURO�3HULSKHUDOV����������������������������������������������� ���

�����&RPPXQLFDWLRQV�3HULSKHUDOV�������������������������������� ���
��'HWDLOHG�'HVFULSWLRQ�������������������������������������������������������
����2YHUYLHZ����������������������������������������������������������������� ���
����)XQFWLRQDO�%ORFN�'LDJUDP��������������������������������������� ���
����0HPRU\������������������������������������������������������������������� ���
����,GHQWLILFDWLRQ���������������������������������������������������������������
����%XV�$UFKLWHFWXUH�±�3HULSKHUDO�&RQQHFWLYLW\����������������
����&��[�3URFHVVRU������������������������������������������������������ ���
����&RQWURO�/DZ�$FFHOHUDWRU��&/$�������������������������������� ���
����(PEHGGHG�5HDO�7LPH�$QDO\VLV�DQG�'LDJQRVWLF�
�(5$'����������������������������������������������������������������������� ���

����%DFNJURXQG�&5&�����%*&5&������������������������������� ���
�����'LUHFW�0HPRU\�$FFHVV��'0$�����������������������������������
�����'HYLFH�%RRW�0RGHV����������������������������������������������� ���
�����'XDO�&RGH�6HFXULW\�0RGXOH���������������������������������� ���
�����:DWFKGRJ�����������������������������������������������������������������
�����&��[�7LPHUV�������������������������������������������������������������
�����'XDO�&ORFN�&RPSDUDWRU��'&&������������������������������ ���
�����&RQILJXUDEOH�/RJLF�%ORFN��&/%��������������������������������

��$SSOLFDWLRQV��,PSOHPHQWDWLRQ��DQG�/D\RXW��������������� ���
����7,�5HIHUHQFH�'HVLJQ����������������������������������������������� ���

��'HYLFH�DQG�'RFXPHQWDWLRQ�6XSSRUW�����������������������������
����*HWWLQJ�6WDUWHG�DQG�1H[W�6WHSV������������������������������ ���
����'HYLFH�1RPHQFODWXUH�������������������������������������������������
����0DUNLQJV����������������������������������������������������������������� ���
����7RROV�DQG�6RIWZDUH������������������������������������������������� ���
����'RFXPHQWDWLRQ�6XSSRUW������������������������������������������ ���
����6XSSRUW�5HVRXUFHV������������������������������������������������� ���
����7UDGHPDUNV����������������������������������������������������������������
����(OHFWURVWDWLF�'LVFKDUJH�&DXWLRQ���������������������������������
����*ORVVDU\���������������������������������������������������������������������

���0HFKDQLFDO��3DFNDJLQJ��DQG�2UGHUDEOH�

,QIRUPDWLRQ������������������������������������������������������������������ ���
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5HYLVLRQ�+LVWRU\

&KDQJHV�IURP�2FWREHU����������WR�0DUFK����������IURP�5HYLVLRQ�
��2FWREHU�������WR�5HYLVLRQ�

$��0DUFK������� 3DJH

� *OREDO��&KDQJHG�GRFXPHQW�VWDWXV�IURP��$GYDQFH�,QIRUPDWLRQ��WR��3URGXFWLRQ�'DWD��������������������������������������� �
� 6HFWLRQ����'HVFULSWLRQ���8SGDWHG�VHFWLRQ����������������������������������������������������������������������������������������������������������� �
� )LJXUH������)XQFWLRQDO�%ORFN�'LDJUDP���8SGDWHG�ILJXUH������������������������������������������������������������������������������������� �
� 7DEOH������$QDORJ�6LJQDOV���&KDQJH�����3=�3,1�QXPEHU�RI�$,2����IURP����WR�����&KDQJH�����3=�3,1�

QXPEHU�RI�*3,2���IURP����WR������������������������������������������������������������������������������������������������������������������������ ��
� 6HFWLRQ������6LJQDO�'HVFULSWLRQV���5HPRYHG�'LJLWDO�6LJQDOV�E\�*3,2�VHFWLRQ������������������������������������������������� ��
� 7DEOH������3RZHU�DQG�*URXQG���8SGDWHG�WLWOH�RI�300�VHFWLRQ������������������������������������������������������������������������� ��
� 6HFWLRQ������(OHFWULFDO�&KDUDFWHULVWLFV���8SGDWHG�WDEOH���������������������������������������������������������������������������������������
� 6HFWLRQ��������6\VWHP�&XUUHQW�&RQVXPSWLRQ���8SGDWHG�WDEOH����������������������������������������������������������������������������
� 6HFWLRQ��������6\VWHP�&XUUHQW�&RQVXPSWLRQ��95(*�'LVDEOH���([WHUQDO�6XSSO\����8SGDWHG�WDEOH���������������������
� 6HFWLRQ�������7KHUPDO�5HVLVWDQFH�&KDUDFWHULVWLFV�IRU�37�3DFNDJH���8SGDWHG�5,-&��5,-%��5,-$�IRU���OIP��

3VL-7�IRU���OIP��DQG�3VL-%�IRU���OIP�����������������������������������������������������������������������������������������������������������������������
� 6HFWLRQ���������3RZHU�0DQDJHPHQW�0RGXOH��300����8SGDWHG�VHFWLRQ�������������������������������������������������������������
� )LJXUH������300�%ORFN�'LDJUDP���8SGDWHG�ILJXUH����������������������������������������������������������������������������������������������
� 6HFWLRQ�������������3RZHU�5DLO�0RQLWRUV���8SGDWHG�1RWH��������������������������������������������������������������������������������� ��
� 6HFWLRQ���������������([WHUQDO�95(*�9''�0RGH�6HTXHQFH���8SGDWHG�VHFWLRQ���������������������������������������������� ��
� )LJXUH������([WHUQDO�95(*�3RZHU�8S�6HTXHQFH���8SGDWHG�ILJXUH������������������������������������������������������������������ ��
� 6HFWLRQ���������������,QWHUQDO�95(*�9''�0RGH�6HTXHQFH���8SGDWHG�VHFWLRQ����������������������������������������������� ��
� )LJXUH������,QWHUQDO�95(*�3RZHU�8S�6HTXHQFH���8SGDWHG�ILJXUH������������������������������������������������������������������� ��
� 6HFWLRQ���������������6XSSO\�6OHZ�5DWH���$GGHG�VHFWLRQ��������������������������������������������������������������������������������� ��
� 6HFWLRQ�������������3RZHU�0DQDJHPHQW�0RGXOH�2SHUDWLQJ�&RQGLWLRQV���8SGDWHG�WDEOH��������������������������������� ��
� 6HFWLRQ�������������3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV���8SGDWHG�WDEOH������������������������������������������� ��
� 6XSSO\�9ROWDJHV��$GGHG�VHFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
� )LJXUH������&ORFNLQJ�6\VWHP���8SGDWHG�ILJXUH����������������������������������������������������������������������������������������������������
� 6HFWLRQ���������������,QSXW�&ORFN�)UHTXHQF\���8SGDWHG�WDEOH�������������������������������������������������������������������������� ��
� 6HFWLRQ���������������;7$/�2VFLOODWRU�&KDUDFWHULVWLFV���8SGDWHG�WDEOH������������������������������������������������������������ ��
� 6HFWLRQ���������������;��,QSXW�/HYHO�&KDUDFWHULVWLFV�:KHQ�8VLQJ�DQ�([WHUQDO�&ORFN�6RXUFH��1RW�D�&U\VWDO����

8SGDWHG�WDEOH��������������������������������������������������������������������������������������������������������������������������������������������������� ��
� 6HFWLRQ�����������;7$/�2VFLOODWRU���8SGDWHG�VHFWLRQ������������������������������������������������������������������������������������������
� 6HFWLRQ�������������,1726&�&KDUDFWHULVWLFV���8SGDWHG�WDEOH�����������������������������������������������������������������������������
� 6HFWLRQ�������������&RPSDUDWRU�(OHFWULFDO�&KDUDFWHULVWLFV���8SGDWHG�WDEOH�������������������������������������������������������
� )LJXUH������)XQFWLRQDO�%ORFN�'LDJUDP���8SGDWHG�ILJXUH��������������������������������������������������������������������������������� ���
� 6HFWLRQ����������$GGUHVVHV�RI�)ODVK�6HFWRUV���8SGDWHG�WDEOH�E\�UHPRYLQJ��'&60��IURP��8VHU�FRQILJXUDEOH�

273�%DQN����DQG��8VHU�FRQILJXUDEOH�273�%DQN����������������������������������������������������������������������������������������������
� 6HFWLRQ��������3HULSKHUDO�5HJLVWHUV�0HPRU\�0DS���8SGDWHG�3HULSKHUDO�5HJLVWHUV�0HPRU\�0DS��&����WDEOH�����

���
� 6HFWLRQ������,GHQWLILFDWLRQ���8SGDWHG�VHFWLRQ�������������������������������������������������������������������������������������������������� ���
� 6HFWLRQ������*HWWLQJ�6WDUWHG�DQG�1H[W�6WHSV���8SGDWHG�VHFWLRQ������������������������������������������������������������������������
� )LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�3=�3DFNDJH���8SGDWHG�ILJXUH����������������������������������������������������������� ���
� )LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�31�3DFNDJH���8SGDWHG�ILJXUH��������������������������������������������������������������
� )LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�30�3DFNDJH���8SGDWHG�ILJXUH���������������������������������������������������������� ���
� )LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�37�3DFNDJH���8SGDWHG�ILJXUH����������������������������������������������������������� ���
� 7DEOH������5HYLVLRQ�,GHQWLILFDWLRQ���8SGDWHG�&200(176����������������������������������������������������������������������������� ���
� 6HFWLRQ������7RROV�DQG�6RIWZDUH���0RYHG��7,�5HVRXUFH�([SORUHU��IURP�'HYHORSPHQW�7RROV�VHFWLRQ�WR�6RIWZDUH�

7RROV�VHFWLRQ��8SGDWHG�GHVFULSWLRQ�RI�;'6����86%�'HEXJ�3UREH��8SGDWHG�0RGHOV�VHFWLRQ����������������������� ���
� 6HFWLRQ������'RFXPHQWDWLRQ�6XSSRUW���8SGDWHG�$SSOLFDWLRQV�5HSRUWV�VHFWLRQ��������������������������������������������������
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3URFHVVRU�DQG�$FFHOHUDWRUV

&��[ )UHTXHQF\��0+]� ���

)38 <HV��LQVWUXFWLRQV�IRU�)DVW�,QWHJHU�'LYLVLRQ�

9&5& <HV

708 <HV�±�7\SH����LQVWUXFWLRQV�VXSSRUWLQJ�1/3,'�

&/$�±�7\SH�� $YDLODEOH <HV 1R

)UHTXHQF\��0+]� ��� ±

��&KDQQHO�'0$�±�7\SH�� <HV

([WHUQDO�LQWHUUXSWV �

0HPRU\

)ODVK ���.%�����.:� ���.%�����.:� ���.%����.:�

)ODVK�%DQNV ��[����.% ��[����.% ��[���.%

5$0 'HGLFDWHG �.%���.:�

/RFDO�6KDUHG ��.%����.:�

0HVVDJH �.%�����.:�

*OREDO�6KDUHG ��.%����.:�

7RWDO ��.%������.:�

0HVVDJH�5$0�7\SHV ���%�����:��&38�&/$
���%�����:��&/$�'0$

±

(&& )/$6+��0[��/6[��*6[��0HVVDJH�5$0 )/$6+��0[��
/6[��*6[

3DULW\ 520��&$1�5$0

&RGH�VHFXULW\�IRU�RQ�FKLS�IODVK�DQG�5$0 <HV

6\VWHP
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����3LQ�3=��2Q�WKLV�SDFNDJH��WKHUH�DUH�GHGLFDWHG�SLQV�IRU�%���SLQ�����DQG�%����SLQ�����ZKLFK�UHVSHFWLYHO\�DOVR�
KDYH�$,2����DQG�$,2����IXQFWLRQDOLW\��,Q�DGGLWLRQ��*3,2����SLQ�����DQG�*3,2����SLQ�����DUH�DOVR�DYDLODEOH�DV�
%��DQG�%���UHVSHFWLYHO\��6LQFH�%��DQG�%���DUH�GHGLFDWHG�SLQV�RQ�WKLV�SDFNDJH��LW�LV�UHFRPPHQGHG�WR�XVH�WKHP�
LQVWHDG�RI�WKH�RQHV�RQ�*3,2������

���3LQ� 31�� 2Q� WKLV� SDFNDJH�� *3,2��� �SLQ� ���� DQG� *3,2��� �SLQ� ���� DUH� DOVR� DYDLODEOH� DV� %�� DQG� %���
UHVSHFWLYHO\��7KHUH�DUH�QR�GHGLFDWHG�SLQ�IRU�%��DQG�%���

%\� GHIDXOW� WKH� $*3,2V� DUH� QRW� FRQQHFWHG� DQG� KDYH� WR� EH� FRQILJXUHG�� 7DEOH� ���� WUXWK� WDEOH� VKRZV� KRZ� WR�
FRQILJXUH�WKH�$*3,2V�XVLQJ�%���SLQ�����DQG�*3,2����SLQ�����RQ�WKH�����3LQ�3=�DV�DQ�H[DPSOH�

7DEOH������$*3,2�&RQILJXUDWLRQ

$*3,2&75/$�ELW�*3,2�� *3$$06(/�ELW�*3,2�� *3+$06(/�ELW�*3,2���
%��&211(&7('�72 *3,2���&211(&7('�72

$'& *3,2�� $,2��� $'& *3,2�� $,2���

� � � <HV � � � <HV �

� � � <HV � � � � �

� � � <HV � � � <HV �

� � � � � � <HV � �

� � � <HV � <HV � <HV �

� � � <HV � <HV � � �

� � � <HV � <HV � <HV �

� � � � � <HV <HV � �

1RWH

,I�GLJLWDO�VLJQDOV�ZLWK�VKDUS�HGJHV��KLJK�GY�GW��DUH�FRQQHFWHG�WR�WKH�$*3,2V��FURVV�WDON�FDQ�RFFXU�ZLWK�
DGMDFHQW�DQDORJ�VLJQDOV��7KH�XVHU�VKRXOG�WKHUHIRUH�OLPLW�WKH�HGJH�UDWH�RI�VLJQDOV�FRQQHFWHG�WR�$*3,2V�
LI�DGMDFHQW�FKDQQHOV�DUH�EHLQJ�XVHG�IRU�DQDORJ�IXQFWLRQV�

������*3,2�,QSXW�;�%$5

7KH�,QSXW�;�%$5�LV�XVHG�WR�URXWH�VLJQDOV�IURP�D�*3,2�WR�PDQ\�GLIIHUHQW�,3�EORFNV�VXFK�DV�WKH�$'&V��H&$3V��
H3:0V��DQG�H[WHUQDO�LQWHUUXSWV��VHH�)LJXUH�������7DEOH�����OLVWV�WKH�LQSXW�;�%$5�GHVWLQDWLRQV�
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EXTSYNCIN1

EXTSYNCIN2

TRIP4

TRIP5

TRIP7
TRIP8
TRIP9

TRIP10

TRIP11

TRIP12

INPUT[1:16]

INPUT[13:16]

XINT1

XINT4

XINT5

XINT3

XINT2

ePWM and eCAP
Sync Scheme

ERAD

EPG

ADCEXTSOCADC

TZ1,TRIP1

TZ2 TRIP2,

TZ3 TRIP3,

TRIP6

Output X-BAR

ePWM
Modules
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2
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GPIO0

GPIOx

Asynchronous
Synchronous
Sync. + Qual.

ePWM
X-BAR

Other SourcesOther Sources

Other
Sources

Input X-BAR
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1
6

INPUT[16:1]

Other Sources

15:0

127:16

eCAP
Modules

DCCx Clock Source-1

DCCx Clock Source-0

CPU PIE
CLA

)LJXUH������,QSXW�;�%$5

7DEOH������,QSXW�;�%$5�'HVWLQDWLRQV

,1387 � � � � � � � � � �� �� �� �� �� �� ��

(&$3���+5&$3 <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV

(3:0�;�%$5 <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV

&/%�;�%$5 <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV

287387�;�%$5 <HV <HV <HV <HV <HV <HV

&38�;,17 ;,17� ;,17� ;,17� ;,17� ;,17�

(3:0�75,3
7=���
75,3�

7=���
75,3�

7=���
75,3�

75,3�

$'&�67$57�2)�
&219(56,21

$'&(;
762&

(3:0���(&$3�
6<1&

(;76<
1&,1�

(;76<
1&,1�

'&&[
&/.
�

&/.
�

&/.� &/.�

(3*
(3*�
,1�

(3*�
,1�

(3*�
,1�

(3*�
,1�

(5$' <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV <HV
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������*3,2�2XWSXW�;�%$5��&/%�;�%$5��&/%�2XWSXW�;�%$5��DQG�H3:0�;�%$5

7KH�2XWSXW� ;�%$5� KDV� HLJKW� RXWSXWV� WKDW� FDQ� EH� VHOHFWHG� RQ� WKH�*3,2�PX[� DV�287387;%$5[�� 7KH� &/%�
;�%$5�KDV�HLJKW�RXWSXWV�WKDW�DUH�FRQQHFWHG�WR�WKH�&/%�JOREDO�PX[�DV�$8;6,*[��7KH�&/%�2XWSXW�;�%$5�KDV�
HLJKW� RXWSXWV� WKDW� FDQ�EH� VHOHFWHG�RQ� WKH�*3,2�PX[�DV�&/%B287387;%$5[��7KH�H3:0�;�%$5�KDV�HLJKW�
RXWSXWV�WKDW�DUH�FRQQHFWHG�WR�WKH�75,3[�LQSXWV�RI�WKH�H3:0��7KH�VRXUFHV�IRU�WKH�2XWSXW�;�%$5��&/%�;�%$5��
&/%�2XWSXW�;�%$5��DQG�H3:0�;�%$5�DUH�VKRZQ�LQ�)LJXUH�����
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CMPSSx

ePWM and eCAP 

Sync Chain

ADCSOCA0

Select Circuit

ADCSOCB0

Select Circuit

eCAPx

ADCx

Input X-BAR

Output 

X-BAR

EPWM 

X-BAR

OUTPUTXBAR1

OUTPUTXBAR2

OUTPUTXBAR3

OUTPUTXBAR4

OUTPUTXBAR5

OUTPUTXBAR6

OUTPUTXBAR7

OUTPUTXBAR8

CLB_OUTPUTXBAR1

CLB_OUTPUTXBAR2

CLB_OUTPUTXBAR3

CLB_OUTPUTXBAR4

CLB_OUTPUTXBAR5

CLB_OUTPUTXBAR6

CLB_OUTPUTXBAR7

CLB_OUTPUTXBAR8

eQEPx

TRIP4

TRIP5

TRIP7

TRIP8

TRIP9

TRIP10

TRIP11

TRIP12

X-BAR Flags

(shared)

CTRIPOUTH

CTRIPOUTL

CTRIPH

CTRIPL

EXTSYNCOUT

ADCSOCA0

ADCSOCB0

ECAPxOUT

EVT1
EVT2
EVT3
EVT4

INPUT1-6
INPUT7-14

(ePWM X-BAR only)

(Output X-BAR only)

(ePWM X-BAR only)

GPIO

Mux

All

ePWM

Modules

CLB 

X-BAR

AUXSIG1

AUXSIG2

AUXSIG3

AUXSIG4

AUXSIG5

AUXSIG6

AUXSIG7

AUXSIG8

CLB 

Global 

Mux

CLB 

Output 

X-BAR

CLB TILExCLB Input X-BAR

CLAHALT CLAHALT

SDFMx

FLT1.COMPH

FLT1.COMPL

FLT4.COMPH

FLT4.COMPL

)LJXUH������2XWSXW�;�%$5��&/%�;�%$5��&/%�2XWSXW�;�%$5��DQG�H3:0�;�%$5�6RXUFHV
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����3LQV�:LWK�,QWHUQDO�3XOOXS�DQG�3XOOGRZQ

6RPH� SLQV� RQ� WKH� GHYLFH� KDYH� LQWHUQDO� SXOOXSV� RU� SXOOGRZQV�� 7DEOH� ���� OLVWV� WKH� SXOO� GLUHFWLRQ� DQG�ZKHQ� LW� LV�
DFWLYH��7KH�SXOOXSV�RQ�*3,2�SLQV�DUH�GLVDEOHG�E\�GHIDXOW�DQG�FDQ�EH�HQDEOHG� WKURXJK�VRIWZDUH��7R�DYRLG�DQ\�
IORDWLQJ�XQERQGHG� LQSXWV�� WKH�%RRW�520�ZLOO�HQDEOH� LQWHUQDO�SXOOXSV�RQ�*3,2�SLQV� WKDW�DUH�QRW�ERQGHG�RXW� LQ�
D�SDUWLFXODU�SDFNDJH��2WKHU�SLQV�QRWHG� LQ�7DEOH�����ZLWK�SXOOXSV�DQG�SXOOGRZQV�DUH�DOZD\V�RQ�DQG�FDQQRW�EH�
GLVDEOHG�

7DEOH������3LQV�:LWK�,QWHUQDO�3XOOXS�DQG�3XOOGRZQ

3,1
5(6(7

�;56Q� ���
'(9,&(�%227 $33/,&$7,21

*3,2[ 3XOOXS�GLVDEOHG 3XOOXS�GLVDEOHG��� $SSOLFDWLRQ�GHILQHG

*3,2���7', 3XOOXS�GLVDEOHG $SSOLFDWLRQ�GHILQHG

*3,2���7'2 3XOOXS�GLVDEOHG $SSOLFDWLRQ�GHILQHG

$*3,2[ 3XOOXS�GLVDEOHG 3XOOXS�GLVDEOHG $SSOLFDWLRQ�GHILQHG

7&. 3XOOXS�DFWLYH

706 3XOOXS�DFWLYH

;56Q 3XOOXS�DFWLYH

2WKHU�SLQV��LQFOXGLQJ�$,2V� 1R�SXOOXS�RU�SXOOGRZQ�SUHVHQW

��� 3LQV�QRW�ERQGHG�RXW�LQ�D�JLYHQ�SDFNDJH�ZLOO�KDYH�WKH�LQWHUQDO�SXOOXSV�HQDEOHG�E\�WKH�%RRW�520�

ZZZ�WL�FRP
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����&RQQHFWLRQV�IRU�8QXVHG�3LQV

)RU�DSSOLFDWLRQV�WKDW�GR�QRW�QHHG�WR�XVH�DOO�IXQFWLRQV�RI�WKH�GHYLFH��7DEOH������OLVWV�DFFHSWDEOH�FRQGLWLRQLQJ�IRU�
DQ\�XQXVHG�SLQV��:KHQ�PXOWLSOH�RSWLRQV�DUH�OLVWHG�LQ�7DEOH�������DQ\�RSWLRQ�LV�DFFHSWDEOH��3LQV�QRW�OLVWHG�LQ�7DEOH�
�����PXVW�EH�FRQQHFWHG�DFFRUGLQJ�WR�6HFWLRQ���

7DEOH�������&RQQHFWLRQV�IRU�8QXVHG�3LQV

6,*1$/�1$0( $&&(37$%/(�35$&7,&(

$1$/2*

95()+, 7LH�WR�9''$��DSSOLHV�RQO\�LI�$'&�LV�QRW�XVHG�LQ�WKH�DSSOLFDWLRQ�

95()/2 7LH�WR�966$

$QDORJ�LQSXW�SLQV�ZLWK�
'$&[B287

� 1R�&RQQHFW

� 7LH�WR�966$�WKURXJK�����N
�RU�ODUJHU�UHVLVWRU

$QDORJ�LQSXW�SLQV��H[FHSW�
'$&[B287�

� 1R�&RQQHFW

� 7LH�WR�966$

� 7LH�WR�966$�WKURXJK�UHVLVWRU

$QDORJ�LQSXW�SLQV��VKDUHG�ZLWK�
*3,2V����

� 1R�FRQQHFWLRQ��GLJLWDO�LQSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�HQDEOHG�

� 1R�FRQQHFWLRQ��GLJLWDO�RXWSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG�

� 3XOOXS�RU�SXOOGRZQ�UHVLVWRU��DQ\�YDOXH�UHVLVWRU��GLJLWDO�LQSXW�PRGH��DQG�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG�

',*,7$/

*3,2[

� 1R�FRQQHFWLRQ��LQSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�HQDEOHG�

� 1R�FRQQHFWLRQ��RXWSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG�

� 3XOOXS�RU�SXOOGRZQ�UHVLVWRU��DQ\�YDOXH�UHVLVWRU��LQSXW�PRGH��DQG�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG�

*3,2���7',

:KHQ�7',�PX[�RSWLRQ�LV�VHOHFWHG��GHIDXOW���WKH�*3,2�LV�LQ�,QSXW�PRGH�

� ,QWHUQDO�SXOOXS�HQDEOHG

� ([WHUQDO�SXOOXS�UHVLVWRU

*3,2���7'2

:KHQ�7'2�PX[�RSWLRQ�LV�VHOHFWHG��GHIDXOW���WKH�*3,2�LV�LQ�2XWSXW�PRGH�RQO\�GXULQJ�-7$*�DFWLYLW\��
RWKHUZLVH��LW�LV�LQ�D�WUL�VWDWH�FRQGLWLRQ��7KH�SLQ�PXVW�EH�ELDVHG�WR�DYRLG�H[WUD�FXUUHQW�RQ�WKH�LQSXW�EXIIHU�

� ,QWHUQDO�SXOOXS�HQDEOHG

� ([WHUQDO�SXOOXS�UHVLVWRU

7&.
� 1R�&RQQHFW

� 3XOOXS�UHVLVWRU

706 3XOOXS�UHVLVWRU

*3,2���;�

7XUQ�;7$/�RII�DQG�

� ,QSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�HQDEOHG

� ,QSXW�PRGH�ZLWK�H[WHUQDO�SXOOXS�RU�SXOOGRZQ�UHVLVWRU

� 2XWSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG

*3,2���;�

7XUQ�;7$/�RII�DQG�

� ,QSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�HQDEOHG

� ,QSXW�PRGH�ZLWK�H[WHUQDO�SXOOXS�RU�SXOOGRZQ�UHVLVWRU

� 2XWSXW�PRGH�ZLWK�LQWHUQDO�SXOOXS�GLVDEOHG

32:(5�$1'�*5281'

9'' $OO�9''�SLQV�PXVW�EH�FRQQHFWHG�SHU�6HFWLRQ������3LQV�VKRXOG�QRW�EH�XVHG�WR�ELDV�DQ\�H[WHUQDO�FLUFXLWV�

9''$ ,I�D�GHGLFDWHG�DQDORJ�VXSSO\�LV�QRW�XVHG��WLH�WR�9'',2�

9'',2 $OO�9'',2�SLQV�PXVW�EH�FRQQHFWHG�SHU�6HFWLRQ�����

966 $OO�966�SLQV�PXVW�EH�FRQQHFWHG�WR�ERDUG�JURXQG�
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7DEOH�������&RQQHFWLRQV�IRU�8QXVHG�3LQV��FRQWLQXHG�

6,*1$/�1$0( $&&(37$%/(�35$&7,&(

966$ ,I�DQ�DQDORJ�JURXQG�LV�QRW�XVHG��WLH�WR�966�

��� $*3,2�SLQV�VKDUH�DQDORJ�DQG�GLJLWDO�IXQFWLRQDOLW\��7KH�DFWLRQV�KHUH�RQO\�DSSO\�LI�WKHVH�SLQV�DUH�DOVR�QRW�EHLQJ�XVHG�IRU�DQDORJ�
IXQFWLRQV�

ZZZ�WL�FRP
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��6SHFLILFDWLRQV

6WUHVVHV�EH\RQG� WKRVH� OLVWHG�XQGHU�$EVROXWH�0D[LPXP�5DWLQJV�PD\�FDXVH�SHUPDQHQW�GDPDJH� WR� WKH�GHYLFH��
7KHVH� DUH� VWUHVV� UDWLQJV� RQO\� DQG� IXQFWLRQDO� RSHUDWLRQ� RI� WKH� GHYLFH� EH\RQG� WKH� 5HFRPPHQGHG� 2SHUDWLQJ�
&RQGLWLRQV� LV� QRW� LPSOLHG�� ([SRVXUH� WR� DEVROXWH�PD[LPXP�UDWHG� FRQGLWLRQV� IRU� H[WHQGHG� SHULRGV� PD\� DIIHFW�
GHYLFH�UHOLDELOLW\��$OO�YROWDJH�YDOXHV�DUH�ZLWK�UHVSHFW�WR�966��XQOHVV�RWKHUZLVH�QRWHG�

����$EVROXWH�0D[LPXP�5DWLQJV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
0,1 0$; 81,7

6XSSO\�YROWDJH

9'',2�ZLWK�UHVSHFW�WR�966 ±��� ���

99''$�ZLWK�UHVSHFW�WR�966$ ±��� ���

9''�ZLWK�UHVSHFW�WR�966 ±��� ���

,QSXW�YROWDJH 9,1������9� ±��� ��� 9

2XWSXW�YROWDJH 92 ±��� ��� 9

,QSXW�FODPS�FXUUHQW

'LJLWDO�DQDORJ�LQSXW��SHU�SLQ���,,.��9,1���966�966$�RU�9,1�!�9'',2�
9''$����

±�� ��

P$
7RWDO�IRU�DOO�LQSXWV��,,.727$/
�9,1���966�966$�RU�9,1�!�9'',2�9''$�

±�� ��

2XWSXW�FXUUHQW 'LJLWDO�RXWSXW��SHU�SLQ���,287 ±�� �� P$

)UHH�$LU�WHPSHUDWXUH 7$ ±�� ��� �&

2SHUDWLQJ�MXQFWLRQ�WHPSHUDWXUH 7- ±�� ��� �&
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WKDW�H[FHHG� WKH� UHFRPPHQGHG�PD[LPXP�SRZHU�GLVVLSDWLRQ� LQ� WKH�HQG�SURGXFW�PD\� UHTXLUH�DGGLWLRQDO� WKHUPDO�
HQKDQFHPHQWV��$PELHQW�WHPSHUDWXUH��7$��YDULHV�ZLWK�WKH�HQG�DSSOLFDWLRQ�DQG�SURGXFW�GHVLJQ��7KH�FULWLFDO�IDFWRU�
WKDW�DIIHFWV�UHOLDELOLW\�DQG�IXQFWLRQDOLW\�LV�7-��WKH�MXQFWLRQ�WHPSHUDWXUH��QRW�WKH�DPELHQW�WHPSHUDWXUH��+HQFH��FDUH�
VKRXOG� EH� WDNHQ� WR� NHHS� 7-� ZLWKLQ� WKH� VSHFLILHG� OLPLWV�� 7FDVH� VKRXOG� EH� PHDVXUHG� WR� HVWLPDWH� WKH� RSHUDWLQJ�
MXQFWLRQ�WHPSHUDWXUH�7-��7FDVH�LV�QRUPDOO\�PHDVXUHG�DW�WKH�FHQWHU�RI�WKH�SDFNDJH�WRS�VLGH�VXUIDFH��7KH�WKHUPDO�
DSSOLFDWLRQ�UHSRUW�6HPLFRQGXFWRU�DQG�,&�3DFNDJH�7KHUPDO�0HWULFV�KHOSV�WR�XQGHUVWDQG�WKH�WKHUPDO�PHWULFV�DQG�
GHILQLWLRQV�

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

�� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



�����6\VWHP

�������3RZHU�0DQDJHPHQW�0RGXOH��300�

���������,QWURGXFWLRQ

7KH� 3RZHU� 0DQDJHPHQW� 0RGXOH� �300�� KDQGOHV� DOO� WKH� SRZHU� PDQDJHPHQW� IXQFWLRQV� UHTXLUHG� IRU� GHYLFH�
RSHUDWLRQ�

���������2YHUYLHZ

7KH� EORFN� GLDJUDP� RI� WKH� 300� LV� VKRZQ� LQ� )LJXUH� ����� $V� FDQ� EH� VHHQ�� WKH� 300� FRPSULVHV� RI� YDULRXV�
VXEFRPSRQHQWV��ZKLFK�DUH�GHVFULEHG�LQ�WKH�VXEVHTXHQW�VHFWLRQV�

MCU

V
R

E
G

E
N

Z

I/O 

BOR

V
D

D
IO

V
D

D

V
S

S

X
R

S
n

EN

I/O 

POR

VDD 

POR

1.2v LDO 

VREG

EN

RISE 

DELAY

(45us)   

O
U

T

IN

RISE 

DELAY

(40us)   

Internal 

All 

Monitors 

Release 

Signal

V
S

S

CVDDIO CVDD

PMM

Internal

External

Internal

External

To Rest of Chip

VMONCTL.bit.BORLVMONDIS

RISE 

DELAY

(80us)   

CPU Reset
Release

RISE 

DELAY

(145us)   

)LJXUH������300�%ORFN�'LDJUDP

�����������3RZHU�5DLO�0RQLWRUV

7KH�300�KDV�YROWDJH�PRQLWRUV�RQ�WKH�VXSSO\�UDLOV�WKDW�UHOHDVH�WKH�;56Q�VLJQDO�KLJK�RQFH�WKH�YROWDJHV�FURVV�WKH�
VHW�WKUHVKROG�GXULQJ�SRZHU�XS��7KH\�DOVR�IXQFWLRQ�WR�WULS�WKH�;56Q�VLJQDO�ORZ�LI�DQ\�RI�WKH�YROWDJHV�GURS�EHORZ�
WKH�SURJUDPPHG�OHYHOV��7KH�YDULRXV�YROWDJH�PRQLWRUV�DUH�GHVFULEHG�LQ�VXEVHTXHQW�VHFWLRQV�

1RWH

1RW�DOO�WKH�YROWDJH�PRQLWRUV�DUH�VXSSRUWHG�IRU�GHYLFH�RSHUDWLRQ�LQ�DQ�DSSOLFDWLRQ�DIWHU�ERRW�XS��,Q�WKH�
FDVH�ZKHUH�D�YROWDJH�PRQLWRU�LV�QRW�VXSSRUWHG��DQ�H[WHUQDO�VXSHUYLVRU�LV�UHFRPPHQGHG�LI�WKH�GHYLFH�
QHHGV�VXSSO\�YROWDJH�PRQLWRULQJ�ZKLOH�WKH�DSSOLFDWLRQ�LV�UXQQLQJ�

7KH�WKUHH�YROWDJH�PRQLWRUV��,�2�325��,�2�%25��9''�325��DOO�KDYH�WR�UHOHDVH�WKHLU�UHVSHFWLYH�RXWSXWV�EHIRUH�WKH�
GHYLFH�EHJLQV�RSHUDWLRQ��WKDW�LV��;56Q�JRHV�KLJK���+RZHYHU��LI�DQ\�RI�WKH�YROWDJH�PRQLWRUV�WULSV��;56Q�LV�GULYHQ�
ORZ��7KH�,�2V�DUH�KHOG�LQ�KLJK�LPSHGDQFH�ZKHQ�DQ\�RI�WKH�YROWDJH�PRQLWRUV�WULS�

ZZZ�WL�FRP
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�������������,�2�325��3RZHU�2Q�5HVHW��0RQLWRU

7KH�,�2�325�PRQLWRU�VXSHUYLVHV�WKH�9'',2�UDLO��'XULQJ�SRZHU�XS��WKLV�LV�WKH�ILUVW�PRQLWRU�WR�UHOHDVH��WKDW�LV��ILUVW�
WR�XQWULS��RQ�9'',2�

�������������,�2�%25��%URZQ�2XW�5HVHW��0RQLWRU

7KH� ,�2�%25�PRQLWRU�DOVR�VXSHUYLVHV� WKH�9'',2� UDLO��'XULQJ�SRZHU�XS�� WKLV� LV� WKH�VHFRQG�PRQLWRU� WR� UHOHDVH�
�WKDW�LV��VHFRQG�WR�XQWULS��RQ�9'',2��7KLV�PRQLWRU�KDV�D�WLJKWHU�WROHUDQFH�FRPSDUHG�WR�WKH�,�2�325�

$Q\�GURS�LQ�YROWDJH�EHORZ�WKH�UHFRPPHQGHG�RSHUDWLQJ�YROWDJHV�ZLOO� WULS�WKH�,�2�%25�DQG�UHVHW�WKH�GHYLFH�EXW�
WKLV�FDQ�EH�GLVDEOHG�E\�VHWWLQJ�9021&7/�ELW�%25/9021',6�WR����7KH�,�2�%25�FDQ�RQO\�EH�GLVDEOHG�DIWHU�WKH�
GHYLFH�KDV�IXOO\�ERRWHG�XS��,I�WKH�,�2�%25�LV�GLVDEOHG��WKH�,�2�325�ZLOO�UHVHW�WKH�GHYLFH�IRU�YROWDJH�GURSV�

1RWH

7KH�OHYHO�DW�ZKLFK�WKH�,�2�325�WULSV�LV�ZHOO�EHORZ�WKH�PLQLPXP�UHFRPPHQGHG�YROWDJH�IRU�9'',2��DQG�
WKHUHIRUH�VKRXOG�QRW�EH�XVHG�IRU�GHYLFH�VXSHUYLVLRQ�

)LJXUH�����VKRZV�WKH�RSHUDWLQJ�UHJLRQ�RI�WKH�,�2�%25�

3.3 V 0%

3.0 V –9.1%

+10%3.63 V

Recommended

System Voltage

Regulator Range
VDDIO

Operating

Range

VBOR-VDDIO

Internal BOR Threshold

–15.1%2.80 V

VBOR-GB

BOR Guard Band

–14.8%2.81 V

3.1 V –6.1%

)LJXUH������,�2�%25�2SHUDWLQJ�5HJLRQ

�������������9''�325��3RZHU�2Q�5HVHW��0RQLWRU

7KH�9''�325�PRQLWRU�VXSHUYLVHV�WKH�9''�UDLO��'XULQJ�SRZHU�XS��WKLV�PRQLWRU�UHOHDVHV��WKDW�LV��XQWULSV��RQFH�WKH�
YROWDJH�FURVVHV�WKH�SURJUDPPHG�WULS�OHYHO�RQ�9''�

1RWH

9''�325�LV�SURJUDPPHG�DW�D�OHYHO�EHORZ�WKH�PLQLPXP�UHFRPPHQGHG�YROWDJH�IRU�9''��DQG�WKHUHIRUH�
LW�VKRXOG�QRW�EH�UHOLHG�XSRQ�IRU�9''�VXSHUYLVLRQ�LI�WKDW�LV�UHTXLUHG�LQ�WKH�DSSOLFDWLRQ�

�����������([WHUQDO�6XSHUYLVRU�8VDJH

9'',2�0RQLWRULQJ��7KH� ,�2�%25� LV�VXSSRUWHG� IRU�DSSOLFDWLRQ�XVH��VR�DQ�H[WHUQDO�VXSHUYLVRU� LV�QRW� UHTXLUHG� WR�
PRQLWRU�WKH�,�2�UDLO�

9''� 0RQLWRULQJ�� 7KH� 9''� 325� LV� QRW� VXSSRUWHG� IRU� DSSOLFDWLRQ� XVH�� ,I� 9''� PRQLWRULQJ� LV� UHTXLUHG� E\� WKH�
DSSOLFDWLRQ��DQ�H[WHUQDO�VXSHUYLVRU�VKRXOG�EH�XVHG�WR�PRQLWRU�WKH�9''�UDLO�

1RWH

7KH� XVH� RI� DQ� H[WHUQDO� VXSHUYLVRU� ZLWK� WKH� LQWHUQDO� 95(*� LV� QRW� VXSSRUWHG�� ,I� 9''� PRQLWRULQJ� LV�
UHTXLUHG�E\�WKH�DSSOLFDWLRQ��D�SDFNDJH�ZLWK�D�95(*(1=�SLQ�PXVW�EH�XVHG�WR�SRZHU�9''�H[WHUQDOO\�
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�����������'HOD\�%ORFNV

7KH�GHOD\�EORFNV�LQ�WKH�SDWK�RI�WKH�YROWDJH�PRQLWRUV�ZRUN�WRJHWKHU�WR�GHOD\�WKH�UHOHDVH�WLPH�EHWZHHQ�WKH�YROWDJH�
PRQLWRUV�DQG�;56Q��7KHVH�GHOD\V�HQVXUH�WKDW�WKH�YROWDJHV�DUH�VWDEOH�ZKHQ�;56Q�UHOHDVHV�LQ�H[WHUQDO�95(*�
PRGH��7KH�GHOD\�EORFNV�DUH�RQO\�DFWLYH�GXULQJ�SRZHU�XS��WKDW�LV��ZKHQ�9'',2�DQG�9''�DUH�UDPSLQJ�XS��

7KH�GHOD\�EORFNV�FRQWULEXWH�WR�WKH�PLQLPXP�VOHZ�UDWHV�VSHFLILHG�LQ�3RZHU�0DQDJHPHQW�0RGXOH�(OHFWULFDO�'DWD�
DQG�7LPLQJ�IRU�WKH�SRZHU�UDLOV�

1RWH

7KH�GHOD\�QXPEHUV�VSHFLILHG�LQ�WKH�EORFN�GLDJUDP�DUH�W\SLFDO�QXPEHUV�

�����������,QWHUQDO�����9�/'2�9ROWDJH�5HJXODWRU��95(*�

7KH�LQWHUQDO�95(*�LV�VXSSOLHG�E\�WKH�9'',2�UDLO�DQG�FDQ�JHQHUDWH�WKH�����9�UHTXLUHG�WR�SRZHU�WKH�9''�SLQV��
,W�LV�HQDEOHG�E\�W\LQJ�WKH�95(*(1=�SLQ�ORZ��$OWKRXJK�WKH�LQWHUQDO�95(*�HOLPLQDWHV�WKH�QHHG�WR�XVH�DQ�H[WHUQDO�
VXSSO\�IRU�9''��GHFRXSOLQJ�FDSDFLWRUV�DUH�VWLOO�UHTXLUHG�RQ�WKH�9''�SLQV�IRU�95(*�VWDELOLW\�DQG�WUDQVLHQWV��6HH�
9''�'HFRXSOLQJ�IRU�GHWDLOV�

�����������95(*(1=

7KH� 95(*(1=� �95(*� GLVDEOH�� SLQ� FRQWUROV� WKH� VWDWH� RI� WKH� LQWHUQDO� 95(*�� 7R� HQDEOH� WKH� LQWHUQDO� 95(*��
WKH�95(*(1=�SLQ�VKRXOG�EH�WLHG�ORZ��)RU�DSSOLFDWLRQV�VXSSO\LQJ�9''�H[WHUQDOO\��H[WHUQDO�95(*���WKH�LQWHUQDO�
95(*�VKRXOG�EH�GLVDEOHG�E\�W\LQJ�WKH�95(*(1=�SLQ�KLJK�

1RWH

1RW� DOO� GHYLFH� SDFNDJHV� KDYH� 95(*(1=� SLQQHG� RXW�� )RU� SDFNDJHV� ZLWKRXW� 95(*(1=�� H[WHUQDO�
95(*�PRGH�LV�QRW�VXSSRUWHG�

���������([WHUQDO�&RPSRQHQWV

�����������'HFRXSOLQJ�&DSDFLWRUV

9'',2� DQG� 9''� UHTXLUH� GHFRXSOLQJ� FDSDFLWRUV� IRU� FRUUHFW� RSHUDWLRQ�� 7KH� UHTXLUHPHQWV� DUH� RXWOLQHG� LQ�
VXEVHTXHQW�VHFWLRQV�

�������������9'',2�'HFRXSOLQJ

$�PLQLPXP�DPRXQW�RI�GHFRXSOLQJ�FDSDFLWDQFH�VKRXOG�EH�SODFHG�RQ�9'',2��6HH�WKH�&9'',2�SDUDPHWHU�LQ�3RZHU�
0DQDJHPHQW� 0RGXOH� (OHFWULFDO� 'DWD� DQG� 7LPLQJ�� 7KH� DFWXDO� DPRXQW� RI� GHFRXSOLQJ� FDSDFLWDQFH� WR� XVH� LV� D�
UHTXLUHPHQW�RI�WKH�SRZHU�VXSSO\�GULYLQJ�9'',2��(LWKHU�RI�WKH�FRQILJXUDWLRQV�RXWOLQHG�EHORZ�LV�DFFHSWDEOH�
� &RQILJXUDWLRQ����3ODFH�D�GHFRXSOLQJ�FDSDFLWRU�RQ�HDFK�9'',2�SLQ�SHU�WKH�&9'',2�SDUDPHWHU�
� &RQILJXUDWLRQ����,QVWDOO�D�VLQJOH�GHFRXSOLQJ�FDSDFLWRU�WKDW�LV�WKH�HTXLYDOHQW�RI�&9'',2�
�9'',2�SLQV�

1RWH

,W�LV�FULWLFDO�WR�KDYH�WKH�GHFRXSOLQJ�FDSDFLWRU�RU�FDSDFLWRUV�FORVH�WR�WKH�GHYLFH�SLQV�

�������������9''�'HFRXSOLQJ

$�PLQLPXP�DPRXQW�RI�GHFRXSOLQJ�FDSDFLWDQFH�VKRXOG�EH�SODFHG�RQ�9''��6HH� WKH�&9''�727$/�SDUDPHWHU� LQ�
3RZHU�0DQDJHPHQW�0RGXOH�(OHFWULFDO�'DWD�DQG�7LPLQJ�

,Q� H[WHUQDO� 95(*�PRGH�� WKH� DFWXDO� DPRXQW� RI� GHFRXSOLQJ� FDSDFLWDQFH� WR� XVH� LV� D� UHTXLUHPHQW� RI� WKH� SRZHU�
VXSSO\�GULYLQJ�9''�

(LWKHU�RI�WKH�FRQILJXUDWLRQV�RXWOLQHG�EHORZ�LV�DFFHSWDEOH�
� &RQILJXUDWLRQ����'LYLGH�&9''�727$/�DFURVV�WKH�9''�SLQV�
� &RQILJXUDWLRQ����,QVWDOO�D�VLQJOH�GHFRXSOLQJ�FDSDFLWRU�ZLWK�YDOXH�RI�&9''�727$/�

ZZZ�WL�FRP
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1RWH

,W�LV�FULWLFDO�WR�KDYH�WKH�GHFRXSOLQJ�FDSDFLWRU�RU�FDSDFLWRUV�FORVH�WR�WKH�GHYLFH�SLQV�

���������3RZHU�6HTXHQFLQJ

�����������6XSSO\�3LQV�*DQJLQJ

,W� LV� VWURQJO\� UHFRPPHQGHG� WKDW� DOO� ����9� UDLOV� EH� WLHG� WRJHWKHU� DQG� VXSSOLHG� IURP� D� VLQJOH� VRXUFH�� 7KLV� OLVW�
LQFOXGHV�
� 9'',2
� 9''$

,Q�DGGLWLRQ��QR�SRZHU�SLQ�VKRXOG�EH�OHIW�XQFRQQHFWHG�

,Q�H[WHUQDO�95(*�PRGH��WKH�9''�SLQV�VKRXOG�EH�WLHG�WRJHWKHU�DQG�VXSSOLHG�IURP�D�VLQJOH�VRXUFH�

,Q�LQWHUQDO�95(*�PRGH��W\LQJ�WKH�9''�SLQV�WRJHWKHU�LV�RSWLRQDO�DV�ORQJ�DV�HDFK�9''�SLQ�KDV�D�FDSDFLWRU�RQ�LW��
6HH�9''�'HFRXSOLQJ�IRU�9''�GHFRXSOLQJ�FRQILJXUDWLRQV�

7KH� DQDORJ� PRGXOHV� RQ� WKH� GHYLFH� KDYH� IDLUO\� KLJK� 3655�� WKHUHIRUH�� LQ� PRVW� FDVHV�� QRLVH� RQ� 9''$� ZLOO�
KDYH� WR� H[FHHG� WKH� UHFRPPHQGHG� RSHUDWLQJ� FRQGLWLRQV� RI� WKH� VXSSO\� UDLOV� EHIRUH� WKH� DQDORJ� PRGXOHV� VHH�
SHUIRUPDQFH�GHJUDGDWLRQ��7KHUHIRUH��VXSSO\LQJ�9''$�VHSDUDWHO\�W\SLFDOO\�RIIHUV�PLQLPDO�EHQHILWV��1HYHUWKHOHVV��
IRU�WKH�SXUSRVHV�RI�QRLVH�LPSURYHPHQW��SODFLQJ�D�SL�ILOWHU�EHWZHHQ�9'',2�DQG�9''$�LV�DFFHSWDEOH�

1RWH

$OO�WKH�VXSSO\�SLQV�SHU�UDLO�DUH�WLHG�WRJHWKHU�LQWHUQDOO\��)RU�H[DPSOH��DOO�9'',2�SLQV�DUH�WLHG�WRJHWKHU�
LQWHUQDOO\��DOO�9''�SLQV�DUH�WLHG�WRJHWKHU�LQWHUQDOO\��DQG�VR�IRUWK�

�����������6LJQDO�3LQV�3RZHU�6HTXHQFH

%HIRUH�SRZHULQJ�WKH�GHYLFH��QR�YROWDJH�ODUJHU�WKDQ�����9�DERYH�9'',2�RU�����9�EHORZ�966�VKRXOG�EH�DSSOLHG�
WR�DQ\�GLJLWDO�SLQ��DQG�QR�YROWDJH�ODUJHU�WKDQ�����9�DERYH�9''$�RU�����9�EHORZ�966$�VKRXOG�EH�DSSOLHG�WR�DQ\�
DQDORJ�SLQ��LQFOXGLQJ�95()+,�DQG�9'$&���6LPSO\��WKH�VLJQDO�SLQV�VKRXOG�RQO\�EH�GULYHQ�DIWHU�;56Q�JRHV�KLJK��
SURYLGHG�DOO�WKH�����9�UDLOV�DUH�WLHG�WRJHWKHU��7KLV�VHTXHQFLQJ�LV�VWLOO�UHTXLUHG�HYHQ�LI�9'',2�DQG�9''$�DUH�QRW�
WLHG�WRJHWKHU�

&$87,21

,I�WKH�DERYH�VHTXHQFH�LV�YLRODWHG��GHYLFH�PDOIXQFWLRQ�DQG�SRVVLEO\�GDPDJH�FDQ�RFFXU�DV�FXUUHQW�ZLOO�
IORZ�WKURXJK�XQLQWHQGHG�SDUDVLWLF�SDWKV�LQ�WKH�GHYLFH�

�����������6XSSO\�3LQV�3RZHU�6HTXHQFH

�������������([WHUQDO�95(*�9''�0RGH�6HTXHQFH

)LJXUH� ���� GHSLFWV� WKH� SRZHU� VHTXHQFLQJ� UHTXLUHPHQWV� IRU� H[WHUQDO� 95(*� PRGH�� 7KH� YDOXHV� IRU� DOO� WKH�
SDUDPHWHUV�LQGLFDWHG�FDQ�EH�IRXQG�LQ�3RZHU�0DQDJHPHQW�0RGXOH�(OHFWULFDO�'DWD�DQG�7LPLQJ�
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VDDIO - VDD 

Delay

VBOR-VDDIO-UP
(A)

SRVDDIO-UP SRVDD-UP

VPOR-VDDIO VPOR-VDD-UP
(A)

VDDIO

VDD

Internal 

All Monitors Release 

Signal
(C)

XRSn

VXRSn-PU-DELAY

VDDIO

VDD

Internal All 

Monitors Release

Signal
(D)

SRVDDIO-DNSRVDD-DN

VBOR-VDDIO-DN
(B)

VPOR-VDDIO
VPOR-VDD-DN

(B)

XRSn

VXRSn-PD-DELAYVDDIO-MON-TOT-DELAY

$� 7KLV�WULS�SRLQW�LV�WKH�WULS�SRLQW�EHIRUH�;56Q�UHOHDVHV��6HH�WKH�3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV�WDEOH�

%� 7KLV�WULS�SRLQW�LV�WKH�WULS�SRLQW�DIWHU�;56Q�UHOHDVHV��6HH�WKH�3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV�WDEOH�

&� 'XULQJ�SRZHU�XS��WKH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�JRHV�KLJK�DIWHU�DOO�325�DQG�%25�PRQLWRUV�DUH�UHOHDVHG��6HH�WKH�300�%ORFN�

'LDJUDP�

'� 'XULQJ�SRZHU�GRZQ��WKH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�JRHV�ORZ�LI�DQ\�RI�WKH�325�RU�%25�PRQLWRUV�DUH�WULSSHG��6HH�WKH�300�%ORFN�

'LDJUDP�

)LJXUH������([WHUQDO�95(*�3RZHU�8S�6HTXHQFH

� )RU�3RZHU�8S�

�� 9'',2��WKDW�LV��WKH�����9�UDLO��VKRXOG�FRPH�XS�ILUVW�ZLWK�WKH�PLQLPXP�VOHZ�UDWH�VSHFLILHG�
�� 9''��WKDW�LV��WKH�����9�UDLO��VKRXOG�FRPH�XS�QH[W�ZLWK�WKH�PLQLPXP�VOHZ�UDWH�VSHFLILHG�
�� 7KH�WLPH�GHOWD�EHWZHHQ�WKH�9'',2�UDLO�FRPLQJ�XS�DQG�ZKHQ�WKH�9''�UDLO�FDQ�FRPH�XS�LV�DOVR�VSHFLILHG�
�� $IWHU�WKH�WLPHV�VSHFLILHG�E\�9'',2�021�727�'(/$<�DQG�9;561�3'�'(/$<��;56Q�ZLOO�EH�UHOHDVHG�DQG�WKH�

GHYLFH�VWDUWV�WKH�ERRW�XS�VHTXHQFH�

7KHUH�LV�DQ�DGGLWLRQDO�GHOD\�EHWZHHQ�;56Q�UHOHDVLQJ��WKDW�LV��JRLQJ�KLJK��DQG�WKH�ERRW�XS�VHTXHQFH�
VWDUWLQJ��6HH�)LJXUH�����

�� 7KH�,�2�%25�PRQLWRU�KDV�GLIIHUHQW�UHOHDVH�SRLQWV�GXULQJ�SRZHU�XS�DQG�SRZHU�GRZQ�
�� 'XULQJ�SRZHU�XS��ERWK�9'',2�DQG�9''�UDLOV�KDYH�WR�EH�XS�EHIRUH�;56Q�UHOHDVHV�

� )RU�3RZHU�'RZQ�

�� 7KHUH�LV�QR�UHTXLUHPHQW�EHWZHHQ�9'',2�DQG�9''�RQ�ZKLFK�VKRXOG�SRZHU�GRZQ�ILUVW��KRZHYHU��WKHUH�LV�D�
PLQLPXP�VOHZ�UDWH�VSHFLILFDWLRQ�

�� 7KH�,�2�%25�PRQLWRU�KDV�GLIIHUHQW�UHOHDVH�SRLQWV�GXULQJ�SRZHU�XS�DQG�SRZHU�GRZQ�
�� $Q\�RI�WKH�325�RU�%25�PRQLWRUV�WKDW�WULSV�GXULQJ�SRZHU�GRZQ�ZLOO�FDXVH�;56Q�WR�JR�ORZ�DIWHU�

9;561�3'�'(/$<�

1RWH

7KH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�LV�DQ�LQWHUQDO�VLJQDO�

1RWH

,I�WKHUH�LV�DQ�H[WHUQDO�FLUFXLW�GULYLQJ�;56Q��IRU�H[DPSOH��D�VXSHUYLVRU���WKH�ERRW�XS�VHTXHQFH�GRHV�QRW�
VWDUW�XQWLO�WKH�;56Q�SLQ�LV�UHOHDVHG�E\�DOO�LQWHUQDO�DQG�H[WHUQDO�VRXUFHV�

�������������,QWHUQDO�95(*�9''�0RGH�6HTXHQFH

)LJXUH� ���� GHSLFWV� WKH� SRZHU� VHTXHQFLQJ� UHTXLUHPHQWV� IRU� LQWHUQDO� 95(*� PRGH�� 7KH� YDOXHV� IRU� DOO� WKH�
SDUDPHWHUV�LQGLFDWHG�FDQ�EH�IRXQG�LQ�3RZHU�0DQDJHPHQW�0RGXOH�(OHFWULFDO�'DWD�DQG�7LPLQJ�

ZZZ�WL�FRP
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VBOR-VDDIO-UP
(A)

SRVDDIO-UP

VPOR-VDDIO

VDDIO

Internal 

All Monitors Release 

Signal
(C)

XRSn

VXRSn-PU-DELAY

VDDIO

Internal All 

Monitors Release

Signal
(D)

SRVDDIO-DN

VBOR-VDDIO-DN
(B)

VPOR-VDDIO

XRSn

VXRSn-PD-DELAYVDDIO-MON-TOT-DELAY

$� 7KLV�WULS�SRLQW�LV�WKH�WULS�SRLQW�EHIRUH�;56Q�UHOHDVHV��6HH�WKH�3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV�WDEOH�

%� 7KLV�WULS�SRLQW�LV�WKH�WULS�SRLQW�DIWHU�;56Q�UHOHDVHV��6HH�WKH�3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV�WDEOH�

&� 'XULQJ�SRZHU�XS��WKH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�JRHV�KLJK�DIWHU�DOO�325�DQG�%25�PRQLWRUV�DUH�UHOHDVHG��6HH�WKH�300�%ORFN�

'LDJUDP�

'� 'XULQJ�SRZHU�GRZQ��WKH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�JRHV�ORZ�LI�DQ\�RI�WKH�325�RU�%25�PRQLWRUV�DUH�WULSSHG��6HH�WKH�300�%ORFN�

'LDJUDP�

)LJXUH������,QWHUQDO�95(*�3RZHU�8S�6HTXHQFH

� )RU�3RZHU�8S�

�� 9'',2��WKDW�LV��WKH�����9�UDLO��VKRXOG�FRPH�XS�ZLWK�WKH�PLQLPXP�VOHZ�UDWH�VSHFLILHG�
�� 7KH�,QWHUQDO�95(*�SRZHUV�XS�DIWHU�WKH�,�2�PRQLWRUV��,�2�325�DQG�,�2�%25��DUH�UHOHDVHG�
�� $IWHU�WKH�WLPHV�VSHFLILHG�E\�9'',2�021�727�'(/$<�DQG�9;561�38�'(/$<��;56Q�ZLOO�EH�UHOHDVHG�DQG�WKH�

GHYLFH�VWDUWV�WKH�ERRW�XS�VHTXHQFH�

7KHUH�LV�DQ�DGGLWLRQDO�GHOD\�EHWZHHQ�;56Q�UHOHDVLQJ��WKDW�LV��JRLQJ�KLJK��DQG�WKH�ERRW�XS�VHTXHQFH�
VWDUWLQJ��6HH�)LJXUH�����

�� 7KH�,�2�%25�PRQLWRU�KDV�GLIIHUHQW�UHOHDVH�SRLQWV�GXULQJ�SRZHU�XS�DQG�SRZHU�GRZQ�
� )RU�3RZHU�'RZQ�

�� 7KH�RQO\�UHTXLUHPHQW�RQ�9'',2�GXULQJ�SRZHU�GRZQ�LV�WKH�VOHZ�UDWH�
�� 7KH�,�2�%25�PRQLWRU�KDV�GLIIHUHQW�UHOHDVH�SRLQWV�GXULQJ�SRZHU�XS�DQG�SRZHU�GRZQ�
�� 7KH�,�2�%25�WULSSLQJ�ZLOO�FDXVH�;56Q�WR�JR�ORZ�DIWHU�9;561�3'�'(/$<�DQG�DOVR�SRZHU�GRZQ�WKH�,QWHUQDO�

95(*�

1RWH

7KH�$OO�0RQLWRUV�5HOHDVH�6LJQDO�LV�DQ�LQWHUQDO�VLJQDO�

1RWH

,I�WKHUH�LV�DQ�H[WHUQDO�FLUFXLW�GULYLQJ�;56Q��IRU�H[DPSOH��D�VXSHUYLVRU���WKH�ERRW�XS�VHTXHQFH�GRHV�QRW�
VWDUW�XQWLO�WKH�;56Q�SLQ�LV�UHOHDVHG�E\�DOO�LQWHUQDO�DQG�H[WHUQDO�VRXUFHV�

�������������6XSSO\�6HTXHQFLQJ�6XPPDU\�DQG�(IIHFWV�RI�9LRODWLRQV

7KH� DFFHSWDEOH� SRZHU�XS� VHTXHQFH� IRU� WKH� UDLOV� LV� VXPPDUL]HG� EHORZ�� �3RZHU� XS�� KHUH� PHDQV� WKH� UDLO� LQ�
TXHVWLRQ�KDV�UHDFKHG�WKH�PLQLPXP�UHFRPPHQGHG�RSHUDWLQJ�YROWDJH�

&$87,21

1RQ�DFFHSWDEOH�VHTXHQFHV�ZLOO�OHDG�WR�UHOLDELOLW\�FRQFHUQV�DQG�SRVVLEO\�GDPDJH�

)RU�VLPSOLFLW\��LW�LV�UHFRPPHQGHG�WKDW�DOO�����9�UDLOV�EH�WLHG�WRJHWKHU��DQG�WR�IROORZ�WKH�GHVFULSWLRQV�LQ�6XSSO\�3LQV�
3RZHU�6HTXHQFH�
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�� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG
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7DEOH������([WHUQDO�95(*�6HTXHQFH�6XPPDU\

&$6(
5$,/6�32:(5�83�25'(5

$&&(37$%/(
9'',2 9''$ 9''

$ � � � <HV

% � � � <HV

& � � � �

' � � � �

( � � � �

) � � � �

* � � � <HV

+ � � � �

7DEOH������,QWHUQDO�95(*�6HTXHQFH�6XPPDU\

&$6(
5$,/6�32:(5�83�25'(5

$&&(37$%/(
9'',2 9''$

$ � � <HV

% � � �

& � � <HV

1RWH

7KH�DQDORJ�PRGXOHV�RQ� WKH�GHYLFH� VKRXOG�RQO\�EH�SRZHUHG�DIWHU�9''$�KDV� UHDFKHG� WKH�PLQLPXP�
UHFRPPHQGHG�RSHUDWLQJ�YROWDJH�

�������������6XSSO\�6OHZ�5DWH

9'',2�KDV�D�PLQLPXP�VOHZ�UDWH� UHTXLUHPHQW�� ,I� WKH�PLQLPXP�VOHZ�UDWH� LV�QRW�PHW��;56Q�PLJKW� WRJJOH�D� IHZ�
WLPHV�XQWLO�9'',2�FURVVHV�WKH�,�2�%25�UHJLRQ�

1RWH

7KH�WRJJOLQJ�RQ�;56Q�KDV�QR�DGYHUVH�HIIHFW�RQ�WKH�GHYLFH�DV�ERRW�RQO\�VWDUWV�RQFH�;56Q�LV�VWHDGLO\�
KLJK��+RZHYHU�LI�;56Q�IURP�WKH�GHYLFH�LV�XVHG�WR�JDWH�WKH�UHVHW�VLJQDO�RI�RWKHU�,&V��WKHQ�WKH�VOHZ�UDWH�
UHTXLUHPHQW�VKRXOG�EH�PHW�WR�SUHYHQW�WKLV�WRJJOLQJ�

9''�KDV�D�PLQLPXP�VOHZ�UDWH� UHTXLUHPHQW� LQ�H[WHUQDO�95(*�PRGH�� ,I� WKH�PLQLPXP�VOHZ�UDWH� LV�QRW�PHW�� WKH�
GHYLFH�FDQ�UHOHDVH�IURP�UHVHW�DQG�VWDUW�ERRWLQJ�EHIRUH�9''�KDV�UHDFKHG�WKH�PLQLPXP�RSHUDWLQJ�YROWDJH��ZKLFK�
FDQ�UHVXOW�LQ�WKH�GHYLFH�QRW�IXQFWLRQLQJ�FRUUHFWO\�

1RWH

,I�WKH�PLQLPXP�VOHZ�UDWH�FDQQRW�EH�PHW��D�VXSHUYLVRU�PXVW�EH�XVHG�RQ�9''�WR�NHHS�;56Q�ORZ�XQWLO�
9''�FURVVHV�WKH�PLQLPXP�RSHUDWLQJ�YROWDJH�LQ�RUGHU�WR�HQVXUH�FRUUHFW�GHYLFH�IXQFWLRQDOLW\�

ZZZ�WL�FRP
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���������3RZHU�0DQDJHPHQW�0RGXOH�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������3RZHU�0DQDJHPHQW�0RGXOH�2SHUDWLQJ�&RQGLWLRQV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

*HQHUDO

&9'',2��������
9'',2��&DSDFLWDQFH�3HU�
3LQ���

��� X)

&9''$��������
9''$��&DSDFLWDQFH�3HU�
3LQ���

��� X)

659'',2�83����
6XSSO\�5DPS�8S�5DWH�RI�
���9�5DLO��9'',2�

� ��� P9�XV

659'',2�'1����
6XSSO\�5DPS�'RZQ�5DWH�RI�
���9�5DLO��9'',2�

�� ��� P9�XV

9%25�9'',2�*%�
���

9'',2�%URZQ�2XW�5HVHW�
9ROWDJH�*XDUGEDQG

��� 9

([WHUQDO�95(*

&9''�
727$/�������

7RWDO�9''�&DSDFLWDQFH��� �� X)

659''�83����
6XSSO\�5DPS�8S�5DWH�RI�
���9�5DLO��9''�

��� ��� P9�XV

659''�'1����
6XSSO\�5DPS�'RZQ�5DWH�RI�
���9�5DLO��9''�

�� ��� P9�XV

9'',2���9''�
'HOD\���

5DPS�'HOD\�%HWZHHQ�9'',2�
DQG�9''

� XV

,QWHUQDO�95(*

&9''�
727$/���

7RWDO�9''�&DSDFLWDQFH��� �� ���� X)

��� 7KH�H[DFW�YDOXH�RI�WKH�GHFRXSOLQJ�FDSDFLWDQFH�GHSHQGV�RQ�WKH�V\VWHP�YROWDJH�UHJXODWLRQ�VROXWLRQ�WKDW�LV�VXSSO\LQJ�WKHVH�SLQV�
��� ,W�LV�UHFRPPHQGHG�WR�WLH�WKH����9�UDLOV��9'',2��9''$��WRJHWKHU�DQG�VXSSO\�WKHP�IURP�D�VLQJOH�VRXUFH�
��� 6HH�WKH�6XSSO\�6OHZ�5DWH�VHFWLRQ��6XSSO\�UDPS�UDWH�IDVWHU�WKDQ�WKH�PD[LPXP�FDQ�WULJJHU�WKH�RQ�FKLS�(6'�SURWHFWLRQ�
��� 6HH�WKH�3RZHU�0DQDJHPHQW�0RGXOH��300��VHFWLRQ�RQ�SRVVLEOH�FRQILJXUDWLRQV�IRU�WKH�WRWDO�GHFRXSOLQJ�FDSDFLWDQFH�
��� 7,�UHFRPPHQGV�9%25�9'',2�*%�WR�DYRLG�%25�9'',2�UHVHWV�GXH�WR�QRUPDO�VXSSO\�QRLVH�RU�ORDG�WUDQVLHQW�HYHQWV�RQ�WKH�����9�9'',2�

V\VWHP�UHJXODWRU��*RRG�V\VWHP�UHJXODWRU�GHVLJQ�DQG�GHFRXSOLQJ�FDSDFLWDQFH��IROORZLQJ�WKH�V\VWHP�UHJXODWRU�VSHFLILFDWLRQV��DUH�
LPSRUWDQW�WR�SUHYHQW�DFWLYDWLRQ�RI�WKH�%25�9'',2�GXULQJ�QRUPDO�GHYLFH�RSHUDWLRQ��7KH�YDOXH�RI�9%25�9'',2�*%�LV�D�V\VWHP�OHYHO�GHVLJQ�
FRQVLGHUDWLRQ��WKH�YROWDJH�OLVWHG�KHUH�LV�W\SLFDO�IRU�PDQ\�DSSOLFDWLRQV�

��� 'HOD\�EHWZHHQ�ZKHQ�WKH�����9�UDLO�UDPSV�XS�DQG�ZKHQ�WKH�����9�UDLO�UDPSV�XS��6HH�WKH�95(*�6HTXHQFH�6XPPDU\�WDEOH�IRU�WKH�
DOORZDEOH�VXSSO\�UDPS�VHTXHQFHV�

��� 0D[�FDSDFLWRU�WROHUDQFH�VKRXOG�EH�����

�����������3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

995(*
,QWHUQDO�9ROWDJH�5HJXODWRU�
2XWSXW

���� ��� ���� 9

995(*�38
,QWHUQDO�9ROWDJH�5HJXODWRU�
3RZHU�8S�7LPH

��� �V

995(*�,1586+�
���

,QWHUQDO�9ROWDJH�5HJXODWRU�
,QUXVK�&XUUHQW

��� P$

9325�9'',2
9'',2�3RZHU�RQ�5HVHW�
9ROWDJH

%HIRUH�DQG�$IWHU�;56Q�
5HOHDVH

��� 9

9%25�9'',2�83�
���

9'',2�%URZQ�2XW�5HVHW�
9ROWDJH�RQ�5DPS�8S

%HIRUH�;56Q�5HOHDVH ��� 9

9%25�9'',2�'1�
���

9'',2�%URZQ�2XW�5HVHW�
9ROWDJH�RQ�5DPS�'RZQ

$IWHU�;56Q�5HOHDVH ���� ��� 9
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�����������3RZHU�0DQDJHPHQW�0RGXOH�&KDUDFWHULVWLFV��FRQWLQXHG�

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

9325�9''�83�
���

9''�3RZHU�RQ�5HVHW�9ROWDJH�
RQ�5DPS�8S

%HIRUH�;56Q�5HOHDVH � 9

9325�9''�'1�
���

9''�3RZHU�RQ�5HVHW�9ROWDJH�
RQ�5DPS�'RZQ

$IWHU�;56Q�5HOHDVH � 9

9;56Q�38�
'(/$<����

;56Q�5HOHDVH�'HOD\�DIWHU�
6XSSOLHV�DUH�5DPSHG�8S�
'XULQJ�3RZHU�8S

7KLV�LV�WKH�ILQDO�GHOD\ �� XV

9;56Q�3'�
'(/$<����

;56Q�7ULS�'HOD\�DIWHU�
6XSSOLHV�DUH�5DPSHG�'RZQ�
'XULQJ�3RZHU�'RZQ

� XV

9'',2�021�
727�'(/$<

7RWDO�'HOD\V�LQ�3DWK�RI�
9'',2�0RQLWRUV��325��%25�

��� XV

9;56Q�021�
5(/($6(�'(/$<

;56Q�5HOHDVH�'HOD\�DIWHU�D�
9''�325�(YHQW

6XSSOLHV�:LWKLQ�2SHUDWLQJ�
5DQJH

�� XV

;56Q�5HOHDVH�'HOD\�DIWHU�D�
9'',2�%25

��� XV

;56Q�5HOHDVH�'HOD\�DIWHU�D�
9'',2�325�(YHQW

��� XV

��� 6HH�WKH�6XSSO\�9ROWDJHV�ILJXUH�
��� 9325�9''�LV�QRW�VXSSRUWHG�DQG�LW�LV�VHW�WR�WULS�DW�D�OHYHO�EHORZ�WKH�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��,I�PRQLWRULQJ�RI�9''�LV�QHHGHG��

DQ�H[WHUQDO�VXSHUYLVRU�LV�UHTXLUHG�
��� 6XSSOLHV�DUH�FRQVLGHUHG�IXOO\�UDPSHG�XS�DIWHU�WKH\�FURVV�WKH�PLQLPXP�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV�IRU�WKH�UHVSHFWLYH�UDLO��$OO�

325�DQG�%25�PRQLWRUV�QHHG�WR�EH�UHOHDVHG�EHIRUH�WKLV�GHOD\�WDNHV�HIIHFW��5&�QHWZRUN�GHOD\�ZLOO�DGG�WR�WKLV�
��� 2Q�SRZHU�GRZQ��DQ\�RI�WKH�325�RU�%25�PRQLWRUV�WKDW�WULSV�ZLOO�LPPHGLDWHO\�WULS�;56Q��7KLV�GHOD\�LV�WKH�WLPH�EHWZHHQ�DQ\�RI�WKH�325��

%25�PRQLWRUV�WULSSLQJ�DQG�;56Q�JRLQJ�ORZ��,W�LV�YDULDEOH�DQG�GHSHQGV�RQ�WKH�UDPS�GRZQ�UDWH�RI�WKH�VXSSO\��5&�QHWZRUN�GHOD\�ZLOO�DGG�
WR�WKLV�

��� 7KLV�LV�WKH�WUDQVLHQW�FXUUHQW�GUDZQ�RQ�WKH�9'',2�UDLO�ZKHQ�WKH�LQWHUQDO�95(*�WXUQV�RQ��'XH�WR�WKLV��WKHUH�PLJKW�EH�VRPH�YROWDJH�GURSV�
RQ�WKH�9'',2�UDLO�ZKHQ�WKH�95(*�WXUQV�RQ�ZKLFK�FRXOG�FDXVH�WKH�95(*�WR�UDPS�XS�LQ�VWHSV��7KHUH�LV�QR�GHWULPHQW�WR�WKH�GHYLFH�IURP�
WKLV�EXW�WKH�HIIHFW�FDQ�EH�UHGXFHG�LI�GHVLUHG�E\�XVLQJ�VXIILFLHQW�GHFRXSOLQJ�FDSDFLWRUV�RQ�9'',2�RU�SLFNLQJ�DQ�/'2�'&�'&�WKDW�FDQ�
VXSSO\�WKLV�WUDQVLHQW�FXUUHQW�

6XSSO\�9ROWDJHV

3.3 V 0%

3.0 V –9.1%

+10%3.63 V

Recommended

System Voltage

Regulator Range
VDDIO

Operating

Range

VBOR-VDDIO

Internal BOR Threshold

–15.1%2.80 V

VBOR-GB

BOR Guard Band

–14.8%2.81 V

3.1 V –6.1%

)LJXUH������6XSSO\�9ROWDJHV

ZZZ�WL�FRP
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�������5HVHW�7LPLQJ

;56Q�LV�WKH�GHYLFH�UHVHW�SLQ��,W�IXQFWLRQV�DV�DQ�LQSXW�DQG�RSHQ�GUDLQ�RXWSXW��7KH�GHYLFH�KDV�D�EXLOW�LQ�SRZHU�RQ�
UHVHW��325��DQG�EURZQ�RXW�UHVHW��%25��PRQLWRUV��'XULQJ�SRZHU�XS��WKH�PRQLWRU�FLUFXLWV�NHHS�WKH�;56Q�SLQ�ORZ��
)RU�PRUH�GHWDLOV��VHH�WKH�3RZHU�0DQDJHPHQW�0RGXOH��300��VHFWLRQ��$�ZDWFKGRJ�RU�10,�ZDWFKGRJ�UHVHW�ZLOO�
DOVR�GULYH�WKH�SLQ�ORZ��$Q�H[WHUQDO�RSHQ�GUDLQ�FLUFXLW�PD\�GULYH�WKH�SLQ�WR�DVVHUW�D�GHYLFH�UHVHW�

$�UHVLVWRU�ZLWK�D�YDOXH�IURP�����N
�WR����N
�VKRXOG�EH�SODFHG�EHWZHHQ�;56Q�DQG�9'',2��$�FDSDFLWRU�VKRXOG�
EH�SODFHG�EHWZHHQ�;56Q�DQG�966� IRU�QRLVH� ILOWHULQJ�� LW� VKRXOG�EH�����Q)�RU�VPDOOHU��7KHVH�YDOXHV�ZLOO�DOORZ�
WKH�ZDWFKGRJ� WR� SURSHUO\� GULYH� WKH�;56Q�SLQ� WR�92/�ZLWKLQ� ����26&&/.� F\FOHV�ZKHQ� WKH�ZDWFKGRJ� UHVHW� LV�
DVVHUWHG��)LJXUH�����VKRZV�WKH�UHFRPPHQGHG�UHVHW�FLUFXLW�

XRSn
Optional open-drain
Reset source

£100 nF

2.2 k to 10 kW W

VDDIO

)LJXUH������5HVHW�&LUFXLW

���������5HVHW�6RXUFHV

7KH�5HVHW�6LJQDOV�WDEOH�VXPPDUL]HV�WKH�YDULRXV�UHVHW�VLJQDOV�DQG�WKHLU�HIIHFW�RQ�WKH�GHYLFH�

7DEOH������5HVHW�6LJQDOV

5HVHW�6RXUFH &38�&RUH�5HVHW

�&��[��)38��708�

3HULSKHUDOV

5HVHW

-7$*���'HEXJ�

/RJLF�5HVHW

,2V ;56�2XWSXW

325 <HV <HV <HV +L�= <HV

%25 <HV <HV <HV +L�= <HV

;56�3LQ <HV <HV 1R +L�= �

:'56 <HV <HV 1R +L�= <HV

10,:'56 <HV <HV 1R +L�= <HV

6<656��'HEXJJHU�5HVHW� <HV <HV 1R +L�= 1R

6&&5(6(7 <HV <HV 1R +L�= 1R

6,05(6(7��;56 <HV <HV 1R +L�= <HV

6,05(6(7��&38�56 <HV <HV 1R +L�= 1R

+:%,6756 <HV 1R 1R 1R 1R

7KH�SDUDPHWHU�WK�ERRW�PRGH��PXVW�DFFRXQW�IRU�D�UHVHW�LQLWLDWHG�IURP�DQ\�RI�WKHVH�VRXUFHV�

6HH� WKH� 5HVHWV� VHFWLRQ� RI� WKH� 6\VWHP� &RQWURO� FKDSWHU� LQ� WKH� 706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�

&$87,21

6RPH�UHVHW�VRXUFHV�DUH�LQWHUQDOO\�GULYHQ�E\�WKH�GHYLFH��6RPH�RI�WKHVH�VRXUFHV�ZLOO�GULYH�;56Q�ORZ��
XVH� WKLV� WR� GLVDEOH� DQ\� RWKHU� GHYLFHV� GULYLQJ� WKH� ERRW� SLQV�� 7KH�6&&5(6(7�DQG� GHEXJJHU� UHVHW�
VRXUFHV�GR�QRW�GULYH�;56Q��WKHUHIRUH��WKH�SLQV�XVHG�IRU�ERRW�PRGH�VKRXOG�QRW�EH�DFWLYHO\�GULYHQ�E\�
RWKHU�GHYLFHV� LQ� WKH�V\VWHP��7KH�ERRW� FRQILJXUDWLRQ�KDV�D�SURYLVLRQ� IRU� FKDQJLQJ� WKH�ERRW�SLQV� LQ�
273�
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���������5HVHW�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������5HVHW��;56Q��7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WK�ERRW�PRGH� +ROG�WLPH�IRU�ERRW�PRGH�SLQV ��� PV

WZ�56/�� 3XOVH�GXUDWLRQ��;56Q�ORZ�RQ�ZDUP�UHVHW ��� �V

�����������5HVHW��;56Q��6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 7<3 0$; 81,7

WZ�56/�� 3XOVH�GXUDWLRQ��;56Q�GULYHQ�ORZ�E\�GHYLFH�DIWHU�VXSSOLHV�DUH�VWDEOH ��� �V

WZ�:'56� 3XOVH�GXUDWLRQ��UHVHW�SXOVH�JHQHUDWHG�E\�ZDWFKGRJ ���WF�26&&/.� F\FOHV

WERRW�IODVK %RRW�520�H[HFXWLRQ�WLPH�WR�ILUVW�LQVWUXFWLRQ�IHWFK�LQ�IODVK ��� PV

�����������5HVHW�7LPLQJ�'LDJUDPV

VDDIO VDDA 

(3.3V)

VDD (1.2V)

XRSn
(A)

CPU 

Execution 

Phase

Boot-Mode 

Pins

I/O Pins

th(boot-mode)
(B)

Boot ROM

User code

User code dependent

GPIO pins as input

Boot-ROM execution starts

GPIO pins as input (pullups are disabled)

User code dependent

Peripheral/GPIO function

Based on boot code

tw(RSL1)

tboot-flash

$� 7KH�;56Q�SLQ�FDQ�EH�GULYHQ�H[WHUQDOO\�E\�D�VXSHUYLVRU�RU�DQ�H[WHUQDO�SXOOXS�UHVLVWRU��VHH�WKH�3LQ�$WWULEXWHV�WDEOH��2Q�FKLS�PRQLWRUV�ZLOO�

KROG�WKLV�SLQ�ORZ�XQWLO�WKH�VXSSOLHV�DUH�LQ�D�YDOLG�UDQJH�

%� $IWHU�UHVHW�IURP�DQ\�VRXUFH��VHH�WKH�5HVHW�6RXUFHV�VHFWLRQ���WKH�ERRW�520�FRGH�VDPSOHV�%RRW�0RGH�SLQV��%DVHG�RQ�WKH�VWDWXV�RI�

WKH�%RRW�0RGH�SLQ��WKH�ERRW�FRGH�EUDQFKHV�WR�GHVWLQDWLRQ�PHPRU\�RU�ERRW�FRGH�IXQFWLRQ��,I�ERRW�520�FRGH�H[HFXWHV�DIWHU�SRZHU�RQ�

FRQGLWLRQV��LQ�GHEXJJHU�HQYLURQPHQW���WKH�ERRW�FRGH�H[HFXWLRQ�WLPH�LV�EDVHG�RQ�WKH�FXUUHQW�6<6&/.�VSHHG��7KH�6<6&/.�ZLOO�EH�EDVHG�

RQ�XVHU�HQYLURQPHQW�DQG�FRXOG�EH�ZLWK�RU�ZLWKRXW�3//�HQDEOHG�

)LJXUH������3RZHU�RQ�5HVHW

ZZZ�WL�FRP
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XRSn

CPU 

Execution 

Phase

User code

Boot ROMUser code

tw(RSL2)

Boot-Mode 

Pins

User-Code Execution Starts

Peripheral/GPIO function

Boot ROM execution starts

(initiated by any reset source)

Peripheral/GPIO function GPIO Pins as Input

th(boot-mode)
(A)

I/O Pins User-Code Dependent GPIO Pins as Input (Pullups are Disabled)

User-Code Dependent

$� $IWHU�UHVHW�IURP�DQ\�VRXUFH��VHH�WKH�5HVHW�6RXUFHV�VHFWLRQ���WKH�%RRW�520�FRGH�VDPSOHV�%227�0RGH�SLQV��%DVHG�RQ�WKH�VWDWXV�RI�

WKH�%RRW�0RGH�SLQ��WKH�ERRW�FRGH�EUDQFKHV�WR�GHVWLQDWLRQ�PHPRU\�RU�ERRW�FRGH�IXQFWLRQ��,I�%RRW�520�FRGH�H[HFXWHV�DIWHU�SRZHU�RQ�

FRQGLWLRQV��LQ�GHEXJJHU�HQYLURQPHQW���WKH�%RRW�FRGH�H[HFXWLRQ�WLPH�LV�EDVHG�RQ�WKH�FXUUHQW�6<6&/.�VSHHG��7KH�6<6&/.�ZLOO�EH�

EDVHG�RQ�XVHU�HQYLURQPHQW�DQG�FRXOG�EH�ZLWK�RU�ZLWKRXW�3//�HQDEOHG�

)LJXUH������:DUP�5HVHW

706���)������&��706���)������&�4���706���)������&�4�
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�������&ORFN�6SHFLILFDWLRQV

���������&ORFN�6RXUFHV

7DEOH������3RVVLEOH�5HIHUHQFH�&ORFN�6RXUFHV

&/2&.�6285&( '(6&5,37,21

,1726&� ,QWHUQDO�RVFLOODWRU���
=HUR�SLQ�RYHUKHDG����0+]�LQWHUQDO�RVFLOODWRU�

,1726&���� ,QWHUQDO�RVFLOODWRU���
=HUR�SLQ�RYHUKHDG����0+]�LQWHUQDO�RVFLOODWRU�

;���;7$/� ([WHUQDO�FU\VWDO�RU�UHVRQDWRU�FRQQHFWHG�EHWZHHQ�WKH�;��DQG�;��SLQV�RU�VLQJOH�HQGHG�FORFN�FRQQHFWHG�WR�WKH�;��
SLQ�

��� 2Q�UHVHW��LQWHUQDO�RVFLOODWRU����,1726&���LV�WKH�GHIDXOW�FORFN�VRXUFH�IRU�WKH�3//��26&&/.��

ZZZ�WL�FRP
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OSCCLKSRCSEL

X1 (XTAL)

INTOSC1

INTOSC2

Watchdog

Timer

SYSPLL

SYS

Divider

SYSCLKDIVSEL
NMIWD

CPU

FPU

TMU

Flash

PLLSYSCLK

CPUCLK

SYSCLK

PCLKCRx PERx.SYSCLK

PLLRAWCLK

SYSPLLCLKEN

SYSCLK

Boot ROM

Message RAMs

DCSM

System Control

WD

XINT

ePIE

CLA

GPIO

Mx RAMs

LSx RAMs

GSx RAMs

LSP

Divider

LOSPCP

SCI

SPI

PCLKCRx

CPUTIMERs

CLB

ECAP

EQEP

EPWM

HRCAL

PMBUS

LIN

FSI

SDFM

EPG

AES

I2C

ADC

CMPSS

GPDAC

CAN

MCAN

HIC

DCC

HWBIST

BGCRC

ERAD

One per SYSCLK peripheral

One per LSPCLK peripheral

PERx.LSPCLK
LSPCLK

CLKSRCCTL2.CANxBCLKSEL

CAN Bit Clock

OSCCLK

AUXCLKIN (GPIO29)

CLKSRCCTL2.MCANxBCLKSEL

MCAN Bit Clock/

AUXCLKDIVSEL.MCANCLKDIV

PERx.SYSCLK

PLLRAWCLK

CPUSYSCLK

)LJXUH������&ORFNLQJ�6\VWHP
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÷ 

(REFDIV+1)

÷ 

(ODIV+1)

÷ 

IMULT

VCO
INTCLK VCOCLKOSCCLK PLLRAWCLK

SYSPLL  

 

)LJXUH�������6\VWHP�3//

,Q�)LJXUH������

� � � �
OSCCLK

PLLRAWCLK

IMULT

REFDIV 1 ODIV 1

f
f  u

� �

ZZZ�WL�FRP
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���������&ORFN�)UHTXHQFLHV��5HTXLUHPHQWV��DQG�&KDUDFWHULVWLFV

7KLV�VHFWLRQ�SURYLGHV�WKH�IUHTXHQFLHV�DQG�WLPLQJ�UHTXLUHPHQWV�RI�WKH�LQSXW�FORFNV��3//�ORFN�WLPHV��IUHTXHQFLHV�RI�
WKH�LQWHUQDO�FORFNV��DQG�WKH�IUHTXHQF\�DQG�VZLWFKLQJ�FKDUDFWHULVWLFV�RI�WKH�RXWSXW�FORFN�

�����������,QSXW�&ORFN�)UHTXHQF\�DQG�7LPLQJ�5HTXLUHPHQWV��3//�/RFN�7LPHV

�������������,QSXW�&ORFN�)UHTXHQF\

0,1 0$; 81,7

I�;7$/� )UHTXHQF\��;��;���IURP�H[WHUQDO�FU\VWDO�RU�UHVRQDWRU �� �� 0+]

I�;�� )UHTXHQF\��;���IURP�H[WHUQDO�RVFLOODWRU �� �� 0+]

I�$8;,� )UHTXHQF\��$8;&/.,1��IURP�H[WHUQDO�RVFLOODWRU �� �� 0+]

�������������;7$/�2VFLOODWRU�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 7<3 0$; 81,7

;��9,/
9DOLG�ORZ�OHYHO�LQSXW�YROWDJH�
�&RPSDUDWRU�

±��� ����
�9'',2 9

;��9,+
9DOLG�KLJK�OHYHO�LQSXW�YROWDJH�
�&RPSDUDWRU�

����
�9'',2 9'',2������ 9

�������������;��,QSXW�/HYHO�&KDUDFWHULVWLFV�:KHQ�8VLQJ�DQ�([WHUQDO�&ORFN�6RXUFH��1RW�D�&U\VWDO�

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

;��9,/ 9DOLG�ORZ�OHYHO�LQSXW�YROWDJH��%XIIHU� ±��� ����
�9'',2 9

;��9,+ 9DOLG�KLJK�OHYHO�LQSXW�YROWDJH��%XIIHU� ����
�9'',2 9'',2������ 9

�������������;��7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WI�;�� )DOO�WLPH��;� � QV

WU�;�� 5LVH�WLPH��;� � QV

WZ�;�/� 3XOVH�GXUDWLRQ��;��ORZ�DV�D�SHUFHQWDJH�RI�WF�;�� ��� ���

WZ�;�+� 3XOVH�GXUDWLRQ��;��KLJK�DV�D�SHUFHQWDJH�RI�WF�;�� ��� ���

�������������$8;&/.,1�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WI�$8;,� )DOO�WLPH��$8;&/.,1 � QV

WU�$8;,� 5LVH�WLPH��$8;&/.,1 � QV

WZ�$8;/� 3XOVH�GXUDWLRQ��$8;&/.,1�ORZ�DV�D�SHUFHQWDJH�RI�WF�;&,� ��� ���

WZ�$8;+� 3XOVH�GXUDWLRQ��$8;&/.,1�KLJK�DV�D�SHUFHQWDJH�RI�WF�;&,� ��� ���

�������������$3//�&KDUDFWHULVWLFV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 7<3 0$; 81,7

3//�/RFN�WLPH

6<6�3//�/RFN�7LPH��� ��V���������
��5()',9������
�WF�26&&/.�� XV

��� 7KH�3//�ORFN�WLPH�KHUH�GHILQHV�WKH�W\SLFDO�WLPH�WKDW�WDNHV�IRU�WKH�3//�WR�ORFN�RQFH�3//�LV�HQDEOHG��6<63//&7/�>3//(1$@ ����
$GGLWLRQDO�WLPH�WR�YHULI\�WKH�3//�FORFN�XVLQJ�'XDO�&ORFN�&RPSDUDWRU��'&&��LV�QRW�DFFRXQWHG�KHUH��7,�UHFRPPHQGV�XVLQJ�WKH�ODWHVW�
H[DPSOH�VRIWZDUH�IURP�&����:DUH�IRU�LQLWLDOL]LQJ�WKH�3//V��)RU�WKH�V\VWHP�3//��VHH�,QLW6\V3OO���RU�6\V&WOBVHW&ORFN����
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�������������;&/.287�6ZLWFKLQJ�&KDUDFWHULVWLFV��3//�%\SDVVHG�RU�(QDEOHG�

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5��� 0,1 0$; 81,7

WI�;&2�� )DOO�WLPH��;&/.287 � QV

WU�;&2� 5LVH�WLPH��;&/.287 � QV

WZ�;&2/� 3XOVH�GXUDWLRQ��;&/.287�ORZ +�±����� +������� QV

WZ�;&2+� 3XOVH�GXUDWLRQ��;&/.287�KLJK +�±����� +������� QV

I�;&2� )UHTXHQF\��;&/.287 �� 0+]

��� $�ORDG�RI����S)�LV�DVVXPHG�IRU�WKHVH�SDUDPHWHUV�
��� +� ����WF�;&2�

�������������,QWHUQDO�&ORFN�)UHTXHQFLHV

0,1 120 0$; 81,7

I�6<6&/.� )UHTXHQF\��GHYLFH��V\VWHP��FORFN � ��� 0+]

WF�6<6&/.� 3HULRG��GHYLFH��V\VWHP��FORFN ���� ��� QV

I�,17&/.� )UHTXHQF\��V\VWHP�3//�JRLQJ�LQWR�9&2��DIWHU�5()',9� � �� 0+]

I�9&2&/.� )UHTXHQF\��V\VWHP�3//�9&2��EHIRUH��2',9� ��� ��� 0+]

I�3//5$:&/.� )UHTXHQF\��V\VWHP�3//�RXWSXW��EHIRUH�6<6&/.�GLYLGHU� � ��� 0+]

I�3//� )UHTXHQF\��3//6<6&/. � ��� 0+]

I�3//B/,03� )UHTXHQF\��3//�/LPS�)UHTXHQF\���� ����2',9��� 0+]

I�/63� )UHTXHQF\��/63&/. � ��� 0+]

WF�/63&/.� 3HULRG��/63&/. ���� ��� QV

I�26&&/.�
)UHTXHQF\��26&&/.��,1726&��RU�,1726&��RU�;7$/�RU�
;��

6HH�UHVSHFWLYH�FORFN 0+]

I�(3:0� )UHTXHQF\��(3:0&/. ��� 0+]

I�+53:0� )UHTXHQF\��+53:0&/. �� ��� 0+]

��� 3//�RXWSXW�IUHTXHQF\�ZKHQ�26&&/.�LV�GHDG���/RVV�RI�26&&/.�FDXVHV�3//�WR�/LPS��
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���������,QSXW�&ORFNV�DQG�3//V

,Q�DGGLWLRQ�WR�WKH�LQWHUQDO���SLQ�RVFLOODWRUV��WKUHH�W\SHV�RI�H[WHUQDO�FORFN�VRXUFHV�DUH�VXSSRUWHG�
� $�VLQJOH�HQGHG�����9�H[WHUQDO�FORFN��7KH�FORFN�VLJQDO�VKRXOG�EH�FRQQHFWHG�WR�;���DV�VKRZQ�LQ�)LJXUH�������

ZLWK�WKH�;7$/&5�6(�ELW�VHW�WR���
� $Q�H[WHUQDO�FU\VWDO��7KH�FU\VWDO�VKRXOG�EH�FRQQHFWHG�DFURVV�;��DQG�;��ZLWK�LWV�ORDG�FDSDFLWRUV�FRQQHFWHG�WR�

966�DV�VKRZQ�LQ�)LJXUH������
� $Q�H[WHUQDO�UHVRQDWRU��7KH�UHVRQDWRU�VKRXOG�EH�FRQQHFWHG�DFURVV�;��DQG�;��ZLWK�LWV�JURXQG�FRQQHFWHG�WR�

966�DV�VKRZQ�LQ�)LJXUH������

X1 X2VSS

Microcontroller

3.3-V Oscillator

VDD Out

Gnd

+3.3 V

GPIO18*

* Available as a 

GPIO when X1 is 

used as a clock

GPIO19

)LJXUH�������6LQJOH�HQGHG�����9�([WHUQDO�&ORFN

X1 X2VSS

Microcontroller

GPIO18GPIO19

)LJXUH�������([WHUQDO�&U\VWDO

X1 X2VSS

Microcontroller

GPIO18GPIO19

)LJXUH�������([WHUQDO�5HVRQDWRU

���������;7$/�2VFLOODWRU

�����������,QWURGXFWLRQ

7KH� ;7$/� RVFLOODWRU� LQ� WKLV� GHYLFH� LV� DQ� HPEHGGHG� HOHFWULFDO� RVFLOODWRU� WKDW�� ZKHQ� SDLUHG� ZLWK� D� FRPSDWLEOH�
FU\VWDO��FDQ�JHQHUDWH�WKH�V\VWHP�FORFN�UHTXLUHG�E\�WKH�GHYLFH�

�����������2YHUYLHZ

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�WKH�FRPSRQHQWV�RI�WKH�HOHFWULFDO�RVFLOODWRU�DQG�FU\VWDO�

�������������(OHFWULFDO�2VFLOODWRU

7KH�HOHFWULFDO�RVFLOODWRU� LQ� WKLV�GHYLFH� LV�D�3LHUFH�RVFLOODWRU�GHVLJQ�� ,W� LV�D�SRVLWLYH� IHHGEDFN� LQYHUWHU�FLUFXLW� WKDW�
UHTXLUHV�D�WXQLQJ�FLUFXLW�LQ�RUGHU�WR�RVFLOODWH��:KHQ�WKLV�RVFLOODWRU�LV�SDLUHG�ZLWK�D�FRPSDWLEOH�FU\VWDO��D�WDQN�FLUFXLW�
LV�IRUPHG��7KLV�WDQN�FLUFXLW�RVFLOODWHV�DW�WKH�IXQGDPHQWDO�IUHTXHQF\�RI�WKH�FU\VWDO�FRPSRQHQW��2Q�WKLV�GHYLFH��WKH�
RVFLOODWRU� LV�GHVLJQHG�WR�RSHUDWH�LQ�SDUDOOHO�UHVRQDQFH�PRGH�GXH�WR�WKH�VKXQW�FDSDFLWRU��&���DQG�UHTXLUHG�ORDG�
FDSDFLWRUV��&/���)LJXUH������LOOXVWUDWHV�WKH�FRPSRQHQWV�RI�WKH�HOHFWULFDO�RVFLOODWRU�DQG�WKH�WDQN�FLUFXLW�
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MCU

X
2

G
P
IO

Comp

XCLKOUT

Circuit

X
1

CL1

XTAL Oscillator

Internal

External

Internal

External

CL2

Rd

GND GND

Buffer

0

1

X
C

LK
O

U
T

To Rest of Chip

[XTAL On]

Crystal

Rbias

Pierce Inverter

)LJXUH�������(OHFWULFDO�2VFLOODWRU�%ORFN�'LDJUDP

���������������0RGHV�RI�2SHUDWLRQ

7KH�HOHFWULFDO�RVFLOODWRU�LQ�WKLV�GHYLFH�KDV�WZR�PRGHV�RI�RSHUDWLRQ��FU\VWDO�PRGH�DQG�VLQJOH�HQGHG�PRGH�

�����������������&U\VWDO�0RGH�RI�2SHUDWLRQ

,Q�WKH�FU\VWDO�PRGH�RI�RSHUDWLRQ��D�TXDUW]�FU\VWDO�ZLWK�ORDG�FDSDFLWRUV�KDV�WR�EH�FRQQHFWHG�WR�;��DQG�;��

7KLV�PRGH�RI�RSHUDWLRQ� LV�HQJDJHG�ZKHQ� >;7$/�2Q@� ����ZKLFK� LV�DFKLHYHG�E\�VHWWLQJ�;7$/&5�26&2))� ���
DQG�;7$/&5�6(� ����7KHUH�LV�DQ�LQWHUQDO�ELDV�UHVLVWRU�IRU�WKH�IHHGEDFN�ORRS�VR�DQ�H[WHUQDO�RQH�VKRXOG�QRW�EH�
XVHG��$GGLQJ�DQ�H[WHUQDO�ELDV�UHVLVWRU�ZLOO�FUHDWH�D�SDUDOOHO�UHVLVWDQFH�ZLWK�WKH� LQWHUQDO�5ELDV��PRYLQJ�WKH�ELDV�
SRLQW�RI�RSHUDWLRQ�DQG�SRVVLEO\�OHDGLQJ�WR�FOLSSHG�ZDYHIRUPV��RXW�RI�VSHFLILFDWLRQ�GXW\�F\FOH��DQG�UHGXFWLRQ�LQ�WKH�
HIIHFWLYH�QHJDWLYH�UHVLVWDQFH�

,Q�WKLV�PRGH�RI�RSHUDWLRQ�� WKH�UHVXOWDQW�FORFN�RQ�;�� LV�SDVVHG�WKURXJK�D�FRPSDUDWRU��&RPS��WR�WKH�UHVW�RI� WKH�
FKLS��7KH�FORFN�RQ�;��QHHGV�WR�PHHW�WKH�9,+�DQG�9,/�RI�WKH�FRPSDUDWRU��6HH�WKH�;7$/�2VFLOODWRU�&KDUDFWHULVWLFV�
WDEOH�IRU�WKH�9,+�DQG�9,/�UHTXLUHPHQWV�RI�WKH�FRPSDUDWRU�

�����������������6LQJOH�(QGHG�0RGH�RI�2SHUDWLRQ

,Q� WKH� VLQJOH�HQGHG�PRGH�RI� RSHUDWLRQ�� D� FORFN� VLJQDO� LV� FRQQHFWHG� WR�;��ZLWK�;�� OHIW� XQFRQQHFWHG��$�TXDUW]�
FU\VWDO�VKRXOG�QRW�EH�XVHG�LQ�WKLV�PRGH�

7KLV� PRGH� LV� HQDEOHG� ZKHQ� >;7$/� 2Q@�  � ��� ZKLFK� FDQ� EH� DFKLHYHG� E\� VHWWLQJ� ;7$/&5�26&2))�  � �� DQG�
;7$/&5�6(� ���
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,Q� WKLV� PRGH� RI� RSHUDWLRQ�� WKH� FORFN� RQ� ;�� LV� SDVVHG� WKURXJK� D� EXIIHU� �%XIIHU�� WR� WKH� UHVW� RI� WKH� FKLS�� 6HH�
WKH�;�� ,QSXW� /HYHO� &KDUDFWHULVWLFV�:KHQ�8VLQJ� DQ� ([WHUQDO� &ORFN� 6RXUFH� �1RW� D� &U\VWDO�� WDEOH� IRU� WKH� LQSXW�
UHTXLUHPHQWV�RI�WKH�EXIIHU�

���������������;7$/�2XWSXW�RQ�;&/.287

7KH� RXWSXW� RI� WKH� HOHFWULFDO� RVFLOODWRU� WKDW� LV� IHG� WR� WKH� UHVW� RI� WKH� FKLS� FDQ� EH� EURXJKW� RXW� RQ�;&/.287� IRU�
REVHUYDWLRQ� E\� FRQILJXULQJ� WKH� &/.65&&7/��;&/.2876(/� DQG� ;&/.287',96(/�;&/.287',9� UHJLVWHUV��
6HH�WKH�*3,2�0X[HG�3LQV�WDEOH�IRU�D�OLVW�RI�*3,2V�WKDW�;&/.287�FRPHV�RXW�RQ�

�������������4XDUW]�&U\VWDO

(OHFWULFDOO\��D�TXDUW]�FU\VWDO�FDQ�EH�UHSUHVHQWHG�E\�DQ�/&5��,QGXFWRU�&DSDFLWRU�5HVLVWRU��FLUFXLW��+RZHYHU��XQOLNH�
DQ�/&5�FLUFXLW��FU\VWDOV�KDYH�YHU\�KLJK�4�GXH�WR�WKH� ORZ�PRWLRQDO�UHVLVWDQFH�DQG�DUH�DOVR�YHU\�XQGHUGDPSHG��
&RPSRQHQWV�RI�WKH�FU\VWDO�DUH�VKRZQ�LQ�)LJXUH������DQG�H[SODLQHG�EHORZ�

Cm

Rm

Lm

C0 CL

Quartz Crystal

ExternalInternal

)LJXUH�������&U\VWDO�(OHFWULFDO�5HSUHVHQWDWLRQ

&P��0RWLRQDO�FDSDFLWDQFH���'HQRWHV�WKH�HODVWLFLW\�RI�WKH�FU\VWDO�

5P��0RWLRQDO�UHVLVWDQFH���'HQRWHV�WKH�UHVLVWLYH�ORVVHV�ZLWKLQ�WKH�FU\VWDO��7KLV�LV�QRW�WKH�(65�RI�WKH�FU\VWDO�EXW�
FDQ�EH�DSSUR[LPDWHG�DV�VXFK�GHSHQGLQJ�RQ�WKH�YDOXHV�RI�WKH�RWKHU�FU\VWDO�FRPSRQHQWV�

/P��0RWLRQDO�LQGXFWDQFH���'HQRWHV�WKH�YLEUDWLQJ�PDVV�RI�WKH�FU\VWDO�

&�� �6KXQW� FDSDFLWDQFH��� 7KH� FDSDFLWDQFH� IRUPHG� IURP� WKH� WZR� FU\VWDO� HOHFWURGHV� DQG� VWUD\� SDFNDJH�
FDSDFLWDQFH�

&/��/RDG�FDSDFLWDQFH���7KLV�LV�WKH�HIIHFWLYH�FDSDFLWDQFH�VHHQ�E\�WKH�FU\VWDO�DW� LWV�HOHFWURGHV��,W� LV�H[WHUQDO�WR�
WKH�FU\VWDO��7KH�IUHTXHQF\�SSP�VSHFLILHG�LQ�WKH�FU\VWDO�GDWD�VKHHW�LV�XVXDOO\�WLHG�WR�WKH�&/�SDUDPHWHU�

1RWH� WKDW�PRVW� FU\VWDO�PDQXIDFWXUHUV� VSHFLI\� &/� DV� WKH� HIIHFWLYH� FDSDFLWDQFH� VHHQ� DW� WKH� FU\VWDO� SLQV�� ZKLOH�
VRPH�FU\VWDO�PDQXIDFWXUHUV�VSHFLI\�&/�DV�WKH�FDSDFLWDQFH�RQ�MXVW�RQH�RI�WKH�FU\VWDO�SLQV��&KHFN�ZLWK�WKH�FU\VWDO�
PDQXIDFWXUHU�IRU�KRZ�WKH�&/�LV�VSHFLILHG�LQ�RUGHU�WR�XVH�WKH�FRUUHFW�YDOXHV�LQ�FDOFXODWLRQV�

)URP�)LJXUH�������&/��DQG�&/��DUH�LQ�VHULHV��VR��WR�ILQG�WKH�HTXLYDOHQW�WRWDO�FDSDFLWDQFH�VHHQ�E\�WKH�FU\VWDO��WKH�
FDSDFLWDQFH�VHULHV�IRUPXOD�KDV�WR�EH�DSSOLHG�ZKLFK�VLPSO\�HYDOXDWHV�WR�>&/�@���LI�&/�� �&/��

,W�LV�UHFRPPHQGHG�WKDW�D�VWUD\�3&%�FDSDFLWDQFH�EH�DGGHG�WR�WKLV�YDOXH����S)�WR���S)�DUH�UHDVRQDEOH�HVWLPDWHV��
EXW�WKH�DFWXDO�YDOXH�ZLOO�GHSHQG�RQ�WKH�3&%�LQ�TXHVWLRQ�

1RWH�WKDW�WKH�ORDG�FDSDFLWDQFH�LV�D�UHTXLUHPHQW�RI�ERWK�WKH�HOHFWULFDO�RVFLOODWRU�DQG�FU\VWDO��7KH�YDOXH�FKRVHQ�KDV�
WR�VDWLVI\�ERWK�WKH�HOHFWULFDO�RVFLOODWRU�DQG�WKH�FU\VWDO�
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7KH�HIIHFW�RI�&/�RQ�WKH�FU\VWDO�LV�IUHTXHQF\�SXOOLQJ��,I�WKH�HIIHFWLYH�ORDG�FDSDFLWDQFH�LV�ORZHU�WKDQ�WKH�WDUJHW��WKH�
FU\VWDO� IUHTXHQF\�ZLOO� LQFUHDVH�DQG�YLFH�YHUVD��+RZHYHU�� WKH�HIIHFW�RI� IUHTXHQF\�SXOOLQJ� LV�XVXDOO\�YHU\�PLQLPDO�
DQG�W\SLFDOO\�UHVXOWV�LQ�OHVV�WKDQ����SSP�YDULDWLRQ�IURP�WKH�QRPLQDO�IUHTXHQF\�

�������������*3,2�0RGHV�RI�2SHUDWLRQ

2Q�WKLV�GHYLFH��;��DQG�;��FDQ�EH�XVHG�DV�*3,2���DQG�*3,2����UHVSHFWLYHO\��GHSHQGLQJ�RQ�WKH�RSHUDWLQJ�PRGH�
RI�WKH�;7$/��5HIHU�WR�WKH�([WHUQDO�2VFLOODWRU��;7$/��VHFWLRQ�RI�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�

�����������)XQFWLRQDO�2SHUDWLRQ

�������������(65�±�(IIHFWLYH�6HULHV�5HVLVWDQFH

(IIHFWLYH�6HULHV�5HVLVWDQFH�LV�WKH�UHVLVWLYH�ORDG�WKH�FU\VWDO�SUHVHQWV�WR�WKH�HOHFWULFDO�RVFLOODWRU�DW�UHVRQDQFH��7KH�
KLJKHU�WKH�(65��WKH�ORZHU�WKH�4��DQG�OHVV�OLNHO\�WKH�FU\VWDO�ZLOO�VWDUW�XS�RU�PDLQWDLQ�RVFLOODWLRQ��7KH�UHODWLRQVKLS�
EHWZHHQ�(65�DQG�WKH�FU\VWDO�FRPSRQHQWV�LV�LQGLFDWHG�EHORZ�

'54 L 4I��� sE �
%r

%.

t
���

1RWH� WKDW�(65� LV�QRW� WKH�VDPH�DV�PRWLRQDO� UHVLVWDQFH�RI� WKH�FU\VWDO��EXW� FDQ�EH�DSSUR[LPDWHG�DV�VXFK� LI� WKH�
HIIHFWLYH�ORDG�FDSDFLWDQFH�LV�PXFK�JUHDWHU�WKDQ�WKH�VKXQW�FDSDFLWDQFH�

�������������5QHJ�±�1HJDWLYH�5HVLVWDQFH

1HJDWLYH� UHVLVWDQFH� LV� WKH� LPSHGDQFH� SUHVHQWHG� E\� WKH� HOHFWULFDO� RVFLOODWRU� WR� WKH� FU\VWDO�� ,W� LV� WKH� DPRXQW� RI�
HQHUJ\�WKH�HOHFWULFDO�RVFLOODWRU�PXVW�VXSSO\�WR�WKH�FU\VWDO�WR�RYHUFRPH�WKH�ORVVHV�LQFXUUHG�GXULQJ�RVFLOODWLRQ��5QHJ�
GHSLFWV�D�FLUFXLW� WKDW�SURYLGHV� UDWKHU� WKDQ�FRQVXPH�HQHUJ\�DQG�FDQ�DOVR�EH�YLHZHG�DV� WKH�RYHUDOO�JDLQ�RI� WKH�
FLUFXLW�

7KH� JHQHUDOO\� DFFHSWHG� SUDFWLFH� LV� WR� KDYH�5QHJ�!� �[�(65� WR� �[�(65� WR� HQVXUH� WKH� FU\VWDO� VWDUWV� XS� XQGHU�
DOO� FRQGLWLRQV��1RWH� WKDW� LW� WDNHV�VOLJKWO\�PRUH�HQHUJ\� WR�VWDUW�XS� WKH�FU\VWDO� WKDQ� LW�GRHV� WR�VXVWDLQ�RVFLOODWLRQ��
WKHUHIRUH�� LI� LW� FDQ� EH� HQVXUHG� WKDW� WKH� QHJDWLYH� UHVLVWDQFH� UHTXLUHPHQW� LV� PHW� DW� VWDUW�XS�� WKHQ� RVFLOODWLRQ�
VXVWHQDQFH�ZLOO�QRW�EH�DQ�LVVXH�

)LJXUH������DQG�)LJXUH������VKRZ�WKH�YDULDWLRQ�EHWZHHQ�QHJDWLYH�UHVLVWDQFH�DQG�WKH�FU\VWDO�FRPSRQHQWV�IRU�WKLV�
GHYLFH��$V�FDQ�EH�VHHQ�IURP�WKH�JUDSKV��WKH�FU\VWDO�VKXQW�FDSDFLWDQFH��&���DQG�HIIHFWLYH�ORDG�FDSDFLWDQFH��&/��
JUHDWO\�LQIOXHQFH�WKH�QHJDWLYH�UHVLVWDQFH�RI�WKH�HOHFWULFDO�RVFLOODWRU��1RWH�WKDW�WKHVH�DUH�W\SLFDO�JUDSKV��VR��UHIHU�WR�
7DEOH�����IRU�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�GHVLJQ�FRQVLGHUDWLRQV�

�������������6WDUW�XS�7LPH

6WDUW�XS�WLPH�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�VHOHFWLQJ�WKH�FRPSRQHQWV�RI�WKH�FU\VWDO�FLUFXLW��$V�PHQWLRQHG�
LQ�WKH�5QHJ�±�1HJDWLYH�5HVLVWDQFH�VHFWLRQ��IRU�UHOLDEOH�VWDUW�XS�DFURVV�DOO�FRQGLWLRQV��LW�LV�UHFRPPHQGHG�WKDW�WKH�
5QHJ�!��[�(65�WR��[�(65�RI�WKH�FU\VWDO�

&U\VWDO�(65�DQG� WKH�GDPSHQLQJ� UHVLVWRU� �5G�� JUHDWO\� DIIHFW� WKH� VWDUW�XS� WLPH��7KH�KLJKHU� WKH� WZR� YDOXHV�� WKH�
ORQJHU�WKH�FU\VWDO�WDNHV�WR�VWDUW�XS��/RQJHU�VWDUW�XS�WLPHV�DUH�XVXDOO\�D�VLJQ�WKDW�WKH�FU\VWDO�DQG�FRPSRQHQWV�DUH�
QRW�D�FRUUHFW�PDWFK�

5HIHU�WR�&U\VWDO�2VFLOODWRU�6SHFLILFDWLRQV�IRU�WKH�W\SLFDO�VWDUW�XS�WLPHV��1RWH�WKDW�WKH�QXPEHUV�VSHFLILHG�KHUH�DUH�
W\SLFDO�QXPEHUV�SURYLGHG�IRU�JXLGDQFH�RQO\��$FWXDO�VWDUW�XS�WLPH�GHSHQGV�KHDYLO\�RQ�WKH�FU\VWDO�LQ�TXHVWLRQ�DQG�
WKH�H[WHUQDO�FRPSRQHQWV�

���������������;��;��3UHFRQGLWLRQ

2Q�WKLV�GHYLFH��WKH�*3,2������DOWHUQDWH�IXQFWLRQDOLW\�RQ�;��;��FDQ�EH�XVHG�WR�VSHHG�XS�WKH�VWDUW�XS�WLPH�RI�WKH�
FU\VWDO�LI�QHHGHG��7KLV�IXQFWLRQDOLW\�LV�DFKLHYHG�E\�SUHFRQGLWLRQLQJ�WKH�ORDG�FDSDFLWRUV�&/��DQG�&/��WR�D�NQRZQ�
VWDWH�EHIRUH�WKH�;7$/�LV�WXUQHG�RQ��6HH�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�
0DQXDO�IRU�GHWDLOV�
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�������������'/�±�'ULYH�/HYHO

'ULYH� OHYHO�UHIHUV�WR�KRZ�PXFK�SRZHU� LV�SURYLGHG�E\�WKH�HOHFWULFDO�RVFLOODWRU�DQG�GLVVLSDWHG�E\�WKH�FU\VWDO��7KH�
PD[LPXP�GULYH�OHYHO�VSHFLILHG�LQ�WKH�FU\VWDO�PDQXIDFWXUHU¶V�GDWD�VKHHW� LV�XVXDOO\�WKH�PD[LPXP�WKH�FU\VWDO�FDQ�
GLVVLSDWH�ZLWKRXW�GDPDJH�RU�VLJQLILFDQW� UHGXFWLRQ� LQ�RSHUDWLQJ� OLIH��2Q� WKH�RWKHU�KDQG�� WKH�GULYH� OHYHO�VSHFLILHG�
E\� WKH� HOHFWULFDO� RVFLOODWRU� LV� WKH�PD[LPXP�SRZHU� LW� FDQ� SURYLGH�� 7KH� DFWXDO� SRZHU� SURYLGHG� E\� WKH� HOHFWULFDO�
RVFLOODWRU�LV�QRW�QHFHVVDULO\�WKH�PD[LPXP�SRZHU�DQG�GHSHQGV�RQ�WKH�FU\VWDO�DQG�ERDUG�FRPSRQHQWV�

)RU� FDVHV� ZKHUH� WKH� DFWXDO� GULYH� OHYHO� IURP� WKH� HOHFWULFDO� RVFLOODWRU� H[FHHGV� WKH� PD[LPXP� GULYH� OHYHO�
VSHFLILFDWLRQ� RI� WKH� FU\VWDO�� D� GDPSHQLQJ� UHVLVWRU� �5G�� VKRXOG� EH� LQVWDOOHG� WR� OLPLW� WKH� FXUUHQW� DQG� UHGXFH� WKH�
SRZHU�GLVVLSDWHG�E\� WKH�FU\VWDO��1RWH� WKDW�5G� UHGXFHV� WKH�FLUFXLW� JDLQ�� DQG� WKHUHIRUH�� WKH�DFWXDO� YDOXH� WR�XVH�
VKRXOG�EH�HYDOXDWHG�WR�PDNH�VXUH�DOO�RWKHU�FRQGLWLRQV�IRU�VWDUW�XS�DQG�VXVWDLQHG�RVFLOODWLRQ�DUH�PHW�

�����������+RZ�WR�&KRRVH�D�&U\VWDO

8VLQJ�&U\VWDO�2VFLOODWRU�6SHFLILFDWLRQV�DV�D�UHIHUHQFH�

�� 3LFN�D�FU\VWDO�IUHTXHQF\��IRU�H[DPSOH�����0+]��
�� &KHFN�WKDW�WKH�(65�RI�WKH�FU\VWDO�� �����SHU�VSHFLILFDWLRQV�IRU����0+]�
�� &KHFN�WKDW�WKH�ORDG�FDSDFLWDQFH�UHTXLUHPHQW�RI�WKH�FU\VWDO�PDQXIDFWXUHU�LV�ZLWKLQ���S)�DQG����S)�SHU�

VSHFLILFDWLRQV�IRU����0+]�
� $V�PHQWLRQHG��&/��DQG�&/��DUH�LQ�VHULHV��VR��SURYLGHG�&/�� �&/���HIIHFWLYH�ORDG�FDSDFLWDQFH�&/� �

>&/�@���
� $GGLQJ�ERDUG�SDUDVLWLFV�WR�WKLV�UHVXOWV�LQ�&/� �>&/�@�����&VWUD\

�� &KHFN�WKDW�WKH�PD[LPXP�GULYH�OHYHO�RI�WKH�FU\VWDO�! ���P:��,I�WKLV�UHTXLUHPHQW�LV�QRW�PHW��D�GDPSHQLQJ�
UHVLVWRU�5G�FDQ�EH�XVHG��5HIHU�WR�'/�±�'ULYH�/HYHO�RQ�RWKHU�SRLQWV�WR�FRQVLGHU�ZKHQ�XVLQJ�5G�

�����������7HVWLQJ

,W� LV� UHFRPPHQGHG� WKDW� WKH� XVHU� KDYH� WKH� FU\VWDO�PDQXIDFWXUHU� FRPSOHWHO\� FKDUDFWHUL]H� WKH� FU\VWDO� ZLWK� WKHLU�
ERDUG�WR�HQVXUH�WKH�FU\VWDO�DOZD\V�VWDUWV�XS�DQG�PDLQWDLQV�RVFLOODWLRQ�

%HORZ�LV�D�EULHI�RYHUYLHZ�RI�VRPH�PHDVXUHPHQWV�WKDW�FDQ�EH�SHUIRUPHG�

'XH�WR�KRZ�VHQVLWLYH�WKH�FU\VWDO�FLUFXLW�LV�WR�FDSDFLWDQFH��LW�LV�UHFRPPHQGHG�WKDW�VFRSH�SUREHV�QRW�EH�FRQQHFWHG�
WR�;��DQG�;���,I�VFRSH�SUREHV�PXVW�EH�XVHG�WR�PRQLWRU�;��;���DQ�DFWLYH�SUREH�ZLWK����S)�FDSDFLWDQFH�VKRXOG�EH�
XVHG�

)UHTXHQF\

�� %ULQJ�RXW�WKH�;7$/�RQ�;&/.287�
�� 0HDVXUH�WKLV�IUHTXHQF\�DV�WKH�FU\VWDO�IUHTXHQF\�

1HJDWLYH�5HVLVWDQFH

�� %ULQJ�RXW�WKH�;7$/�RQ�;&/.287�
�� 3ODFH�D�SRWHQWLRPHWHU�LQ�VHULHV�ZLWK�WKH�FU\VWDO�EHWZHHQ�WKH�ORDG�FDSDFLWRUV�
�� ,QFUHDVH�WKH�UHVLVWDQFH�RI�WKH�SRWHQWLRPHWHU�XQWLO�WKH�FORFN�RQ�;&/.287�VWRSV�
�� 7KLV�UHVLVWDQFH�SOXV�WKH�FU\VWDO¶V�DFWXDO�(65�LV�WKH�QHJDWLYH�UHVLVWDQFH�RI�WKH�HOHFWULFDO�RVFLOODWRU�

6WDUW�8S�7LPH

�� 7XUQ�RII�WKH�;7$/�
�� %ULQJ�RXW�WKH�;7$/�RQ�;&/.287�
�� 7XUQ�RQ�WKH�;7$/�DQG�PHDVXUH�KRZ�ORQJ�LW�WDNHV�WKH�FORFN�RQ�;&/.287�WR�VWD\�ZLWKLQ�����DQG�����GXW\�

F\FOH�

�����������&RPPRQ�3UREOHPV�DQG�'HEXJ�7LSV

&U\VWDO�)DLOV�WR�6WDUW�8S

� *R�WKURXJK�WKH�+RZ�WR�&KRRVH�D�&U\VWDO�VHFWLRQ�DQG�PDNH�VXUH�WKHUH�DUH�QR�YLRODWLRQV�

&U\VWDO�7DNHV�D�/RQJ�7LPH�WR�6WDUW�8S

� ,I�D�GDPSHQLQJ�UHVLVWRU�5G�LV�LQVWDOOHG��LW�LV�WRR�KLJK�
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� ,I�QR�GDPSHQLQJ�UHVLVWRU�LV�LQVWDOOHG��HLWKHU�WKH�FU\VWDO�(65�LV�WRR�KLJK�RU�WKH�RYHUDOO�FLUFXLW�JDLQ�LV�WRR�ORZ�GXH�
WR�KLJK�ORDG�FDSDFLWDQFH�

�����������&U\VWDO�2VFLOODWRU�6SHFLILFDWLRQV

�������������&U\VWDO�2VFLOODWRU�3DUDPHWHUV

0,1 0$; 81,7

&/���&/� /RDG�FDSDFLWDQFH �� �� S)

&� &U\VWDO�VKXQW�FDSDFLWDQFH � S)

�������������&U\VWDO�(TXLYDOHQW�6HULHV�5HVLVWDQFH��(65��5HTXLUHPHQWV

)RU�WKH�&U\VWDO�(TXLYDOHQW�6HULHV�5HVLVWDQFH��(65��5HTXLUHPHQWV�WDEOH�
�� &U\VWDO�VKXQW�FDSDFLWDQFH��&���VKRXOG�EH�OHVV�WKDQ�RU�HTXDO�WR���S)�
�� (65� �1HJDWLYH�5HVLVWDQFH��
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�������������&U\VWDO�2VFLOODWRU�(OHFWULFDO�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7
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DSSOLFDWLRQ�ZLWK�WKH�FKRVHQ�FU\VWDO�
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���������,QWHUQDO�2VFLOODWRUV

7R� UHGXFH� SURGXFWLRQ� ERDUG� FRVWV� DQG� DSSOLFDWLRQ� GHYHORSPHQW� WLPH�� DOO� )�����[� GHYLFHV� FRQWDLQ� WZR�
LQGHSHQGHQW� LQWHUQDO� RVFLOODWRUV�� UHIHUUHG� WR� DV� ,1726&�� DQG� ,1726&��� %\� GHIDXOW�� ,1726&�� LV� VHW� DV� WKH�
VRXUFH�IRU�WKH�V\VWHP�UHIHUHQFH�FORFN��26&&/.��DQG�,1726&��LV�VHW�DV�WKH�EDFNXS�FORFN�VRXUFH�

$SSOLFDWLRQV� UHTXLULQJ� WLJKWHU� 6&,� EDXG� UDWH� PDWFKLQJ� FDQ� XVH� WKH� 6&,� EDXG� WXQLQJ� H[DPSOH�
�EDXGBWXQHBYLDBXDUW��DYDLODEOH�LQ�&����:DUH�

�����������,1726&�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�

3$5$0(7(5
7(67�

&21',7,216
0,1 7<3 0$; 81,7
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)UHTXHQF\��,1726&��DQG�
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I,1726&�67$%,/,7<
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���&��1RPLQDO�
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W,17�6&�67 6WDUW�XS�DQG�VHWWOLQJ�WLPH �� �V

��� ,1726&�IUHTXHQF\�PD\�VKLIW�GXH�WR�WKH�WKHUPDO�DQG�PHFKDQLFDO�VWUHVV�RI�VROGHU�UHIORZ��$�SRVW�UHIORZ�EDNH�FDQ�UHVWRUH�WKH�XQLW�WR�LWV�
RULJLQDO�GDWDVKHHW�SHUIRUPDQFH�
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�������)ODVK�3DUDPHWHUV

7DEOH�����OLVWV�WKH�PLQLPXP�UHTXLUHG�)ODVK�ZDLW�VWDWHV�ZLWK�GLIIHUHQW�FORFN�VRXUFHV�DQG�IUHTXHQFLHV��:DLW�VWDWH�LV�
WKH�YDOXH�VHW�LQ�UHJLVWHU�)5'&17/>5:$,7@�

7DEOH������0LQLPXP�5HTXLUHG�)ODVK�:DLW�6WDWHV�ZLWK�'LIIHUHQW�&ORFN�6RXUFHV�DQG�)UHTXHQFLHV
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DFURVV�ZDLW�VWDWHV��)LJXUH������DQG�)LJXUH������LOOXVWUDWH�W\SLFDO�HIILFLHQF\�DFURVV�ZDLW�VWDWH�VHWWLQJV�FRPSDUHG�
WR�SUHYLRXV�JHQHUDWLRQ�GHYLFHV�ZLWK�D����ELW�SUHIHWFK�EXIIHU��:DLW�VWDWH�H[HFXWLRQ�HIILFLHQF\�ZLWK�D�SUHIHWFK�EXIIHU�
ZLOO� GHSHQG� RQ� KRZ� PDQ\� EUDQFKHV� DUH� SUHVHQW� LQ� DSSOLFDWLRQ� VRIWZDUH�� 7ZR� H[DPSOHV� RI� OLQHDU� FRGH� DQG�
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6HFWLRQ����������OLVWV�WKH�)ODVK�SDUDPHWHUV�

1RWH

7KH�0DLQ� $UUD\� IODVK� SURJUDPPLQJ�PXVW� EH� DOLJQHG� WR� ���ELW� DGGUHVV� ERXQGDULHV� DQG� HDFK� ���ELW�
ZRUG�PD\�RQO\�EH�SURJUDPPHG�RQFH�SHU�ZULWH�HUDVH�F\FOH�

1RWH

,W� LV� LPSRUWDQW� WR� SURYLGH� WKH� FRUUHFW� VHFWRU� PDVN� IRU� WKH� EDQN� HUDVH� FRPPDQG�� ,I� WKH� PDVN� LV�
PLVWDNHQO\�FKRVHQ�WR�HUDVH�DQ�LQDFFHVVLEOH�VHFWRU��EHORQJV�WR�DQRWKHU�VHFXULW\�]RQH���WKH�EDQN�HUDVH�
FRPPDQG�ZLOO� FRQWLQXH�DWWHPSWLQJ� WR�HUDVH� WKH�VHFWRU�HQGOHVVO\�DQG� WKH�)60�ZLOO� QHYHU�H[LW� �VLQFH�
HUDVH�ZLOO�QRW�VXFFHHG���7R�DYRLG�VXFK�D�VLWXDWLRQ��XVHU�PXVW� WDNH�FDUH�WR�SURYLGH�WKH�FRUUHFW�PDVN��
+RZHYHU��JLYHQ�WKDW�WKHUH�LV�D�FKDQFH�RI�FKRRVLQJ�DQ�LQFRUUHFW�PDVN��7,�VXJJHVWV�WR�LQLWLDOL]H�WKH�PD[�
DOORZHG� HUDVH� SXOVHV� WR� ]HUR� DIWHU� WKH�PD[� QXPEHU� RI� SXOVHV� DUH� LVVXHG� E\� WKH�)60� IRU� WKH� EDQN�
HUDVH�RSHUDWLRQ��7KLV�ZLOO�HQVXUH�WKDW�WKH�)60�ZLOO�HQG�WKH�EDQN�HUDVH�FRPPDQG�DIWHU�WU\LQJ�WR�HUDVH�
WKH�LQDFFHVVLEOH�VHFWRU�XS�WR�WKH�PD[�DOORZHG�HUDVH�SXOVHV�

7KH� ([DPSOHB(UDVH%DQNV��� IXQFWLRQ� LQ� WKH� &����:DUH¶V� IODVK� $3,� XVDJH� H[DPSOH� GHSLFWV� WKH�
LPSOHPHQWDWLRQ�RI�WKLV�VHTXHQFH��FRQWHQW�RI�WKH�ZKLOH�ORRS�ZDLWLQJ�IRU�WKH�)60�WR�FRPSOHWH�WKH�EDQN�
HUDVH�FRPPDQG���8VHUV�PXVW�XVH�WKLV�FRGH�DV�LV�LUUHVSHFWLYH�RI�ZKHWKHU�RU�QRW�VHFXULW\�LV�XVHG�E\�WKH�
DSSOLFDWLRQ�WR�DOVR�HQVXUH�WKDW�WKH�)60�H[LWV�IURP�EDQN�HUDVH�RSHUDWLRQV�LQ�FDVH�RI�DQ�HUDVH�IDLOXUH�

���������)ODVK�3DUDPHWHUV�

3$5$0(7(5 0,1 7<3 0$; 81,7
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������ F\FOHV

WUHWHQWLRQ��'DWD�UHWHQWLRQ�GXUDWLRQ�DW�7-� �
��R&

�� \HDUV

��� 3URJUDP�WLPH�LV�DW�WKH�PD[LPXP�GHYLFH�IUHTXHQF\���3URJUDP�WLPH�LQFOXGHV�RYHUKHDG�RI�WKH�IODVK�VWDWH�PDFKLQH�EXW�GRHV�QRW�LQFOXGH�
WKH�WLPH�WR�WUDQVIHU�WKH�IROORZLQJ�LQWR�5$0�
��&RGH�WKDW�XVHV�IODVK�$3,�WR�SURJUDP�WKH�IODVK��������
��)ODVK�$3,�LWVHOI������������
��)ODVK�GDWD�WR�EH�SURJUDPPHG������������
,Q�RWKHU�ZRUGV��WKH�WLPH�LQGLFDWHG�LQ�WKLV�WDEOH�LV�DSSOLFDEOH�DIWHU�DOO�WKH�UHTXLUHG�FRGH�GDWD�LV�DYDLODEOH�LQ�WKH�GHYLFH�5$0��UHDG\�IRU
SURJUDPPLQJ��7KH�WUDQVIHU�WLPH�ZLOO�VLJQLILFDQWO\�YDU\�GHSHQGLQJ�RQ�WKH�VSHHG�RI�WKH�-7$*�GHEXJ�SUREH�XVHG�
3URJUDP�WLPH�FDOFXODWLRQ�LV�EDVHG�RQ�SURJUDPPLQJ�����ELWV�DW�D�WLPH�DW�WKH�VSHFLILHG�RSHUDWLQJ�IUHTXHQF\��3URJUDP�WLPH�LQFOXGHV
3URJUDP�YHULI\�E\�WKH�&38��7KH�SURJUDP�WLPH�GRHV�QRW�GHJUDGH�ZLWK�ZULWH�HUDVH��:�(��F\FOLQJ��EXW�WKH�HUDVH�WLPH�GRHV�
(UDVH�WLPH�LQFOXGHV�(UDVH�YHULI\�E\�WKH�&38�DQG�GRHV�QRW�LQYROYH�DQ\�GDWD�WUDQVIHU�

��� (UDVH�WLPH�LQFOXGHV�(UDVH�YHULI\�E\�WKH�&38�
��� 7KH�RQ�FKLS�IODVK�PHPRU\�LV�LQ�DQ�HUDVHG�VWDWH�ZKHQ�WKH�GHYLFH�LV�VKLSSHG�IURP�7,��$V�VXFK��HUDVLQJ�WKH�IODVK�PHPRU\�LV�QRW�UHTXLUHG

SULRU�WR�SURJUDPPLQJ��ZKHQ�SURJUDPPLQJ�WKH�GHYLFH�IRU�WKH�ILUVW�WLPH��+RZHYHU��WKH�HUDVH�RSHUDWLRQ�LV�QHHGHG�RQ�DOO�VXEVHTXHQW
SURJUDPPLQJ�RSHUDWLRQV�

ZZZ�WL�FRP
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�������(PXODWLRQ�-7$*

7KH�-7$*��,(((�6WDQGDUG�������������6WDQGDUG�7HVW�$FFHVV�3RUW�DQG�%RXQGDU\�6FDQ�$UFKLWHFWXUH��SRUW�KDV�
IRXU�GHGLFDWHG�SLQV��706��7',��7'2��DQG�7&.��7KH�F-7$*��,(((�6WDQGDUG�������������IRU�5HGXFHG�3LQ�DQG�
(QKDQFHG�)XQFWLRQDOLW\� 7HVW� $FFHVV�3RUW� DQG�%RXQGDU\�6FDQ�$UFKLWHFWXUH�� SRUW� LV� D� FRPSDFW� -7$*� LQWHUIDFH�
UHTXLULQJ�RQO\� WZR�SLQV� �706�DQG�7&.���ZKLFK�DOORZV�RWKHU�GHYLFH� IXQFWLRQDOLW\� WR�EH�PX[HG� WR� WKH� WUDGLWLRQDO�
*3,2����7',��DQG�*3,2����7'2��SLQV�

7\SLFDOO\��QR�EXIIHUV�DUH�QHHGHG�RQ�WKH�-7$*�VLJQDOV�ZKHQ�WKH�GLVWDQFH�EHWZHHQ�WKH�0&8�WDUJHW�DQG�WKH�-7$*�
KHDGHU� LV�VPDOOHU� WKDQ��� LQFKHV��������FP���DQG�QR�RWKHU�GHYLFHV�DUH�SUHVHQW�RQ� WKH�-7$*�FKDLQ��2WKHUZLVH��
HDFK� VLJQDO� VKRXOG� EH� EXIIHUHG�� $GGLWLRQDOO\�� IRU� PRVW� -7$*� GHEXJ� SUREH� RSHUDWLRQV� DW� ��� 0+]�� QR� VHULHV�
UHVLVWRUV�DUH�QHHGHG�RQ�WKH�-7$*�VLJQDOV��+RZHYHU��LI�KLJK�HPXODWLRQ�VSHHGV�DUH�H[SHFWHG�����0+]�RU�VR��������
UHVLVWRUV�VKRXOG�EH�SODFHG�LQ�VHULHV�RQ�HDFK�-7$*�VLJQDO�

7KH�3'��3RZHU�'HWHFW��SLQ�RI�WKH�-7$*�GHEXJ�SUREH�KHDGHU�VKRXOG�EH�FRQQHFWHG�WR�WKH�ERDUG
V�����9�VXSSO\��
+HDGHU� *1'� SLQV� VKRXOG� EH� FRQQHFWHG� WR� ERDUG� JURXQG�� 7',6� �&DEOH� 'LVFRQQHFW� 6HQVH�� VKRXOG� DOVR� EH�
FRQQHFWHG� WR� ERDUG� JURXQG�� 7KH� -7$*� FORFN� VKRXOG� EH� ORRSHG� IURP� WKH� KHDGHU� 7&.� RXWSXW� SLQ� EDFN� WR� WKH�
57&.�LQSXW�SLQ�RI�WKH�KHDGHU��WR�VHQVH�FORFN�FRQWLQXLW\�E\�WKH�-7$*�GHEXJ�SUREH���7KLV�0&8�GRHV�QRW�VXSSRUW�
WKH�(08��DQG�(08��VLJQDOV� WKDW�DUH�SUHVHQW�RQ����SLQ�DQG����SLQ�HPXODWLRQ�KHDGHUV��7KHVH�VLJQDOV�VKRXOG�
DOZD\V�EH�SXOOHG�XS�DW� WKH�HPXODWLRQ�KHDGHU� WKURXJK�D� SDLU� RI� ERDUG�SXOOXS� UHVLVWRUV� UDQJLQJ� IURP����� N�� WR�
����N���GHSHQGLQJ�RQ�WKH�GULYH�VWUHQJWK�RI�WKH�GHEXJJHU�SRUWV���7\SLFDOO\��D�����N��YDOXH�LV�XVHG�

+HDGHU�SLQ�5(6(7�LV�DQ�RSHQ�GUDLQ�RXWSXW�IURP�WKH�-7$*�GHEXJ�SUREH�KHDGHU�WKDW�HQDEOHV�ERDUG�FRPSRQHQWV�
WR�EH�UHVHW�WKURXJK�-7$*�GHEXJ�SUREH�FRPPDQGV��DYDLODEOH�RQO\�WKURXJK�WKH����SLQ�KHDGHU���)LJXUH������VKRZV�
KRZ�WKH����SLQ�-7$*�KHDGHU�FRQQHFWV� WR� WKH�0&8¶V�-7$*�SRUW�VLJQDOV��)LJXUH������VKRZV�KRZ�WR�FRQQHFW� WR�
WKH����SLQ�-7$*�KHDGHU��7KH����SLQ�-7$*�KHDGHU�SLQV�(08���(08���DQG�(08��DUH�QRW�XVHG�DQG�VKRXOG�EH�
JURXQGHG�

)RU�PRUH�LQIRUPDWLRQ�DERXW�KDUGZDUH�EUHDNSRLQWV�DQG�ZDWFKSRLQWV��VHH�+DUGZDUH�%UHDNSRLQWV�DQG�:DWFKSRLQWV�
LQ�&&6�IRU�&�����GHYLFHV�

)RU�PRUH�LQIRUPDWLRQ�DERXW�-7$*�HPXODWLRQ��VHH�WKH�;'6�7DUJHW�&RQQHFWLRQ�*XLGH�

1RWH

-7$*�7HVW�'DWD�,QSXW��7',��LV�WKH�GHIDXOW�PX[�VHOHFWLRQ�IRU�WKH�SLQ��7KH�LQWHUQDO�SXOOXS�LV�GLVDEOHG�E\�
GHIDXOW�� ,I� WKLV�SLQ� LV�XVHG�DV�-7$*�7',�� WKH� LQWHUQDO�SXOOXS�VKRXOG�EH�HQDEOHG�RU�DQ�H[WHUQDO�SXOOXS�
DGGHG�RQ�WKH�ERDUG�WR�DYRLG�D�IORDWLQJ�LQSXW��,Q�WKH�F-7$*�RSWLRQ��WKLV�SLQ�FDQ�EH�XVHG�DV�*3,2�

-7$*�7HVW�'DWD�2XWSXW��7'2��LV�WKH�GHIDXOW�PX[�VHOHFWLRQ�IRU�WKH�SLQ��7KH�LQWHUQDO�SXOOXS�LV�GLVDEOHG�
E\�GHIDXOW��7KH�7'2�IXQFWLRQ�ZLOO�EH�LQ�D�WUL�VWDWH�FRQGLWLRQ�ZKHQ�WKHUH�LV�QR�-7$*�DFWLYLW\��OHDYLQJ�WKLV�
SLQ�IORDWLQJ��7KH�LQWHUQDO�SXOOXS�VKRXOG�EH�HQDEOHG�RU�DQ�H[WHUQDO�SXOOXS�DGGHG�RQ�WKH�ERDUG�WR�DYRLG�D�
IORDWLQJ�*3,2�LQSXW��,Q�WKH�F-7$*�RSWLRQ��WKLV�SLQ�FDQ�EH�XVHG�DV�*3,2�
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TDI

TDO

PD

RTCK

TCK

EMU0

TDIS

GND

KEY

GND

GND

EMU1

GND

TCK

TDO
(A)

TDI
(A) 3 4

5 6

7 8

9 10

11 12

1413
3.3 V3.3 V

100 Ω

4.7 kΩ4.7 kΩ

3.3 V

10 kΩ

3.3 V

4.7 kΩ

3.3 V

10 kΩ

3.3 V

Distance between the header and the target

should be less than 6 inches (15.24 cm).

MCU

TMS TRSTTMS
1 2

$� 7',�DQG�7'2�FRQQHFWLRQV�DUH�QRW�UHTXLUHG�IRU�F-7$*�RSWLRQ�DQG�WKHVH�SLQV�FDQ�EH�XVHG�DV�*3,2V�LQVWHDG�

)LJXUH�������&RQQHFWLQJ�WR�WKH����3LQ�-7$*�+HDGHU

TDI

TDO

PD

RTCK

TCK

EMU0

TDIS

GND

KEY

GND

GND

EMU1

GND

TCK

RESET

EMU2

EMU4

EMU3

GND

GND

Open

Drain

A low pulse from the JTAG debug probe
can be tied with other reset sources
to reset the board.

3 4

5 6

7 8

9 10

11 12

1413

1615

1817

2019

3.3 V3.3 V

3.3V

100 Ω

4.7 kΩ4.7 kΩ

GND

GND

MCU

Distance between the header and the target

should be less than 6 inches (15.24 cm).

TMS TRSTTMS
1 2

TDO
(A)

TDI
(A)

10 kΩ

3.3 V

10 kΩ

3.3 V

4.7 kΩ

3.3 V

$� 7',�DQG�7'2�FRQQHFWLRQV�DUH�QRW�UHTXLUHG�IRU�F-7$*�RSWLRQ�DQG�WKHVH�SLQV�FDQ�EH�XVHG�DV�*3,2V�LQVWHDG�

)LJXUH�������&RQQHFWLQJ�WR�WKH����3LQ�-7$*�+HDGHU

ZZZ�WL�FRP
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���������-7$*�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������-7$*�7LPLQJ�5HTXLUHPHQWV

12� 0,1 0$; 81,7

� WF�7&.� &\FOH�WLPH��7&. ����� QV

�D WZ�7&.+� 3XOVH�GXUDWLRQ��7&.�KLJK������RI�WF� ����� QV

�E WZ�7&./� 3XOVH�GXUDWLRQ��7&.�ORZ������RI�WF� ����� QV

�
WVX�7',�7&.+� ,QSXW�VHWXS�WLPH��7',�YDOLG�WR�7&.�KLJK �

QV
WVX�706�7&.+� ,QSXW�VHWXS�WLPH��706�YDOLG�WR�7&.�KLJK �

�
WK�7&.+�7',� ,QSXW�KROG�WLPH��7',�YDOLG�IURP�7&.�KLJK �

QV
WK�7&.+�706� ,QSXW�KROG�WLPH��706�YDOLG�IURP�7&.�KLJK �

�����������-7$*�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5 0,1 0$; 81,7

� WG�7&./�7'2� 'HOD\�WLPH��7&.�ORZ�WR�7'2�YDOLG � �� QV

�����������-7$*�7LPLQJ�'LDJUDP

3

TCK

TDO

TDI/TMS

2

4

1

1a 1b

)LJXUH�������-7$*�7LPLQJ
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���������F-7$*�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������F-7$*�7LPLQJ�5HTXLUHPHQWV

12� 0,1 0$; 81,7

� WF�7&.� &\FOH�WLPH��7&. ��� QV

�D WZ�7&.+� 3XOVH�GXUDWLRQ��7&.�KLJK������RI�WF� �� QV

�E WZ�7&./� 3XOVH�GXUDWLRQ��7&.�ORZ������RI�WF� �� QV

�
WVX�706�7&.+� ,QSXW�VHWXS�WLPH��706�YDOLG�WR�7&.�KLJK � QV

WVX�706�7&./� ,QSXW�VHWXS�WLPH��706�YDOLG�WR�7&.�ORZ � QV

�
WK�7&.+�706� ,QSXW�KROG�WLPH��706�YDOLG�IURP�7&.�KLJK � QV

WK�7&./�706� ,QSXW�KROG�WLPH��706�YDOLG�IURP�7&.�ORZ � QV

�����������F-7$*�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5 0,1 0$; 81,7

� WG�7&./�706� 'HOD\�WLPH��7&.�ORZ�WR�706�YDOLG � �� QV

� WGLV�7&.+�706� 'HOD\�WLPH��7&.�KLJK�WR�706�GLVDEOH �� QV

�����������F-7$*�7LPLQJ�'LDJUDP

1a
1

1b

3 43 5
2

TMS Input

TCK

TMS

4

TMS Input TMS Output

)LJXUH�������F-7$*�7LPLQJ

ZZZ�WL�FRP
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�������*3,2�(OHFWULFDO�'DWD�DQG�7LPLQJ

7KH�SHULSKHUDO�VLJQDOV�DUH�PXOWLSOH[HG�ZLWK�JHQHUDO�SXUSRVH� LQSXW�RXWSXW� �*3,2��VLJQDOV��2Q�UHVHW��*3,2�SLQV�
DUH�FRQILJXUHG�DV�LQSXWV��)RU�VSHFLILF�LQSXWV��WKH�XVHU�FDQ�DOVR�VHOHFW�WKH�QXPEHU�RI�LQSXW�TXDOLILFDWLRQ�F\FOHV�WR�
ILOWHU�XQZDQWHG�QRLVH�JOLWFKHV�

7KH�*3,2�PRGXOH� FRQWDLQV� DQ�2XWSXW�;�%$5�ZKLFK� DOORZV� DQ� DVVRUWPHQW� RI� LQWHUQDO� VLJQDOV� WR� EH� URXWHG� WR�
D� *3,2� LQ� WKH� *3,2� PX[� SRVLWLRQV� GHQRWHG� DV� 287387;%$5[�� 7KH� *3,2� PRGXOH� DOVR� FRQWDLQV� DQ� ,QSXW�
;�%$5�ZKLFK� LV�XVHG� WR� URXWH� VLJQDOV� IURP�DQ\�*3,2� LQSXW� WR�GLIIHUHQW� ,3�EORFNV� VXFK�DV� WKH�$'&V��H&$3V��
H3:0V��DQG�H[WHUQDO� LQWHUUXSWV��)RU�PRUH�GHWDLOV�� VHH� WKH�;�%$5�FKDSWHU� LQ� WKH�706���)�����[�5HDO�7LPH�
0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO�

���������*3,2�±�2XWSXW�7LPLQJ

�����������*HQHUDO�3XUSRVH�2XWSXW�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

WU�*32� 5LVH�WLPH��*3,2�VZLWFKLQJ�ORZ�WR�KLJK $OO�*3,2V ���� QV

WI�*32� )DOO�WLPH��*3,2�VZLWFKLQJ�KLJK�WR�ORZ $OO�*3,2V ���� QV

WI*32 7RJJOLQJ�IUHTXHQF\��*3,2�SLQV �� 0+]

��� 5LVH�WLPH�DQG�IDOO�WLPH�YDU\�ZLWK�ORDG��7KHVH�YDOXHV�DVVXPH�D����S)�ORDG�

�����������*HQHUDO�3XUSRVH�2XWSXW�7LPLQJ�'LDJUDP

GPIO

tf(GPO)

tr(GPO)

)LJXUH�������*HQHUDO�3XUSRVH�2XWSXW�7LPLQJ
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���������*3,2�±�,QSXW�7LPLQJ

�����������*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�63� 6DPSOLQJ�SHULRG
48$/35'� �� �WF�6<6&/.� F\FOHV

48$/35'���� �WF�6<6&/.��
�48$/35' F\FOHV

WZ�,46:� ,QSXW�TXDOLILHU�VDPSOLQJ�ZLQGRZ WZ�63��
��Q����±��� F\FOHV

WZ�*3,����� 3XOVH�GXUDWLRQ��*3,2�ORZ�KLJK
6\QFKURQRXV�PRGH �WF�6<6&/.� F\FOHV

:LWK�LQSXW�TXDOLILHU WZ�,46:����WZ�63�����WF�6<6&/.� F\FOHV

��� �Q��UHSUHVHQWV�WKH�QXPEHU�RI�TXDOLILFDWLRQ�VDPSOHV�DV�GHILQHG�E\�*3[46(/Q�UHJLVWHU�
��� )RU�WZ�*3,���SXOVH�ZLGWK�LV�PHDVXUHG�IURP�9,/�WR�9,/�IRU�DQ�DFWLYH�ORZ�VLJQDO�DQG�9,+�WR�9,+�IRU�DQ�DFWLYH�KLJK�VLJQDO�

�����������6DPSOLQJ�0RGH

�

GPIO Signal

1

Sampling Window

1 1 1 1 1 1 1 1 1 1 10 0 0 0 0 0 0 0 0 0

SYSCLK

(A)

GPxQSELn = 1,0 (6 samples)

(D)

Output From
Qualifier

QUALPRD = 1
(SYSCLK/2)

tw(IQSW)

tw(SP)

(SYSCLK cycle * 2 * QUALPRD) * 5
(C)

Sampling Period determined

by GPxCTRL[QUALPRD]
(B)

$� 7KLV�JOLWFK�ZLOO�EH�LJQRUHG�E\�WKH�LQSXW�TXDOLILHU��7KH�48$/35'�ELW�ILHOG�VSHFLILHV�WKH�TXDOLILFDWLRQ�VDPSOLQJ�SHULRG��,W�FDQ�YDU\�IURP����WR�

�[))��,I�48$/35'� �����WKHQ�WKH�VDPSOLQJ�SHULRG�LV���6<6&/.�F\FOH��)RU�DQ\�RWKHU�YDOXH��Q���WKH�TXDOLILFDWLRQ�VDPSOLQJ�SHULRG�LQ��Q�

6<6&/.�F\FOHV��WKDW�LV��DW�HYHU\��Q�6<6&/.�F\FOHV��WKH�*3,2�SLQ�ZLOO�EH�VDPSOHG��

%� 7KH�TXDOLILFDWLRQ�SHULRG�VHOHFWHG�WKURXJK�WKH�*3[&75/�UHJLVWHU�DSSOLHV�WR�JURXSV�RI�HLJKW�*3,2�SLQV�

&� 7KH�TXDOLILFDWLRQ�EORFN�FDQ�WDNH�HLWKHU�WKUHH�RU�VL[�VDPSOHV��7KH�*3[46(/Q�5HJLVWHU�VHOHFWV�ZKLFK�VDPSOH�PRGH�LV�XVHG�

'� ,Q�WKH�H[DPSOH�VKRZQ��IRU�WKH�TXDOLILHU�WR�GHWHFW�WKH�FKDQJH��WKH�LQSXW�VKRXOG�EH�VWDEOH�IRU����6<6&/.�F\FOHV�RU�JUHDWHU��,Q�RWKHU�ZRUGV��

WKH�LQSXWV�VKRXOG�EH�VWDEOH�IRU����î�48$/35'�î����6<6&/.�F\FOHV��7KLV�ZRXOG�HQVXUH���VDPSOLQJ�SHULRGV�IRU�GHWHFWLRQ�WR�RFFXU��

%HFDXVH�H[WHUQDO�VLJQDOV�DUH�GULYHQ�DV\QFKURQRXVO\��DQ����6<6&/.�ZLGH�SXOVH�HQVXUHV�UHOLDEOH�UHFRJQLWLRQ�

)LJXUH�������6DPSOLQJ�0RGH

ZZZ�WL�FRP
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���������6DPSOLQJ�:LQGRZ�:LGWK�IRU�,QSXW�6LJQDOV

7KH� IROORZLQJ� VHFWLRQ� VXPPDUL]HV� WKH� VDPSOLQJ� ZLQGRZ� ZLGWK� IRU� LQSXW� VLJQDOV� IRU� YDULRXV� LQSXW� TXDOLILHU�
FRQILJXUDWLRQV�

6DPSOLQJ�IUHTXHQF\�GHQRWHV�KRZ�RIWHQ�D�VLJQDO�LV�VDPSOHG�ZLWK�UHVSHFW�WR�6<6&/.�

6DPSOLQJ�IUHTXHQF\� �6<6&/.����î�48$/35'���LI�48$/35'����

6DPSOLQJ�IUHTXHQF\� �6<6&/.��LI�48$/35'� ��

6DPSOLQJ�SHULRG� �6<6&/.�F\FOH�î���î�48$/35'��LI�48$/35'����

,Q�WKH�SUHYLRXV�HTXDWLRQV��6<6&/.�F\FOH�LQGLFDWHV�WKH�WLPH�SHULRG�RI�6<6&/.�

6DPSOLQJ�SHULRG� �6<6&/.�F\FOH��LI�48$/35'� ��

,Q�D�JLYHQ�VDPSOLQJ�ZLQGRZ��HLWKHU���RU���VDPSOHV�RI�WKH�LQSXW�VLJQDO�DUH�WDNHQ�WR�GHWHUPLQH�WKH�YDOLGLW\�RI�WKH�
VLJQDO��7KLV�LV�GHWHUPLQHG�E\�WKH�YDOXH�ZULWWHQ�WR�*3[46(/Q�UHJLVWHU�

&DVH���

4XDOLILFDWLRQ�XVLQJ���VDPSOHV

6DPSOLQJ�ZLQGRZ�ZLGWK� ��6<6&/.�F\FOH�î���î�48$/35'��î����LI�48$/35'����

6DPSOLQJ�ZLQGRZ�ZLGWK� ��6<6&/.�F\FOH��î����LI�48$/35'� ��

&DVH���

4XDOLILFDWLRQ�XVLQJ���VDPSOHV

6DPSOLQJ�ZLQGRZ�ZLGWK� ��6<6&/.�F\FOH�î���î�48$/35'��î����LI�48$/35'����

6DPSOLQJ�ZLQGRZ�ZLGWK� ��6<6&/.�F\FOH��î����LI�48$/35'� ��

GPIOxn

SYSCLK

tw(GPI)

)LJXUH�������*HQHUDO�3XUSRVH�,QSXW�7LPLQJ
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3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
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�������,QWHUUXSWV

7KH�&��[�&38�KDV�IRXUWHHQ�SHULSKHUDO� LQWHUUXSW� OLQHV��7ZR�RI� WKHP��,17���DQG�,17����DUH�FRQQHFWHG�GLUHFWO\�
WR�&38�WLPHUV���DQG����UHVSHFWLYHO\��7KH�UHPDLQLQJ�WZHOYH�DUH�FRQQHFWHG�WR�SHULSKHUDO�LQWHUUXSW�VLJQDOV�WKURXJK�
WKH� HQKDQFHG� 3HULSKHUDO� ,QWHUUXSW� ([SDQVLRQ� �H3,(�� PRGXOH�� 7KH� H3,(� PXOWLSOH[HV� XS� WR� VL[WHHQ� SHULSKHUDO�
LQWHUUXSWV� LQWR�HDFK�&38�LQWHUUXSW� OLQH�� ,W�DOVR�H[SDQGV�WKH�YHFWRU� WDEOH�WR�DOORZ�HDFK�LQWHUUXSW� WR�KDYH� LWV�RZQ�
,65��7KLV�DOORZV�WKH�&38�WR�VXSSRUW�D�ODUJH�QXPEHU�RI�SHULSKHUDOV�

$Q� LQWHUUXSW� SDWK� LV� GLYLGHG� LQWR� WKUHH� VWDJHV²WKH� SHULSKHUDO�� WKH� H3,(�� DQG� WKH� &38�� (DFK� VWDJH� KDV� LWV�
RZQ�HQDEOH�DQG� IODJ� UHJLVWHUV��7KLV�V\VWHP�DOORZV� WKH�&38� WR�KDQGOH�RQH� LQWHUUXSW�ZKLOH�RWKHUV�DUH�SHQGLQJ��
LPSOHPHQW�DQG�SULRULWL]H�QHVWHG�LQWHUUXSWV�LQ�VRIWZDUH��DQG�GLVDEOH�LQWHUUXSWV�GXULQJ�FHUWDLQ�FULWLFDO�WDVNV�

)LJXUH������VKRZV�WKH�LQWHUUXSW�DUFKLWHFWXUH�IRU�WKLV�GHYLFH�

INPUTXBAR4

INPUTXBAR5

INPUTXBAR6

INPUTXBAR13

INPUTXBAR14

Input 

X-BAR

GPIO0 

to 

GPIOx

XINT2 Control

XINT3 Control

XINT4 Control

XINT5 Control

XINT1 Control

TIMER0

Peripherals 

See ePIE Table

LPM Logic

WD

ePIE

TINT0

LPMINT

WDINT
WAKEINT

TIMER1

NMI module

TIMER2

ERAD

CPU

NMI

RTOSINT

INT1 

to 

INT12

INT13

INT14

)LJXUH�������'HYLFH�,QWHUUXSW�$UFKLWHFWXUH

ZZZ�WL�FRP
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&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���
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���������([WHUQDO�,QWHUUXSW��;,17��(OHFWULFDO�'DWD�DQG�7LPLQJ

)RU�DQ�H[SODQDWLRQ�RI�WKH�LQSXW�TXDOLILHU�SDUDPHWHUV��VHH�WKH�*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV�WDEOH�

�����������([WHUQDO�,QWHUUXSW�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�,17� 3XOVH�GXUDWLRQ��,17�LQSXW�ORZ�KLJK
6\QFKURQRXV �WF�6<6&/.� F\FOHV

:LWK�TXDOLILHU WZ�,46:����WZ�63�����WF�6<6&/.� F\FOHV

�����������([WHUQDO�,QWHUUXSW�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

WG�,17� 'HOD\�WLPH��,17�ORZ�KLJK�WR�LQWHUUXSW�YHFWRU�IHWFK��� WZ�,46:������WF�6<6&/.� WZ�,46:����WZ�63������WF�6<6&/.� F\FOHV

��� 7KLV�DVVXPHV�WKDW�WKH�,65�LV�LQ�D�VLQJOH�F\FOH�PHPRU\�

�����������([WHUQDO�,QWHUUXSW�7LPLQJ

Interrupt Vector

XINT1, XINT2, XINT3,
XINT4, XINT5

Address bus
(internal)

tw(INT)

td(INT)

)LJXUH�������([WHUQDO�,QWHUUXSW�7LPLQJ
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3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



�������/RZ�3RZHU�0RGHV

7KLV�GHYLFH�KDV�+$/7��,'/(�DQG�67$1'%<�DV�FORFN�JDWLQJ�ORZ�SRZHU�PRGHV�

)XUWKHU�GHWDLOV��DV�ZHOO�DV�WKH�HQWU\�DQG�H[LW�SURFHGXUH��IRU�DOO�RI�WKH�ORZ�SRZHU�PRGHV�FDQ�EH�IRXQG�LQ�WKH�/RZ�
3RZHU�0RGHV�VHFWLRQ�RI�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO�

���������&ORFN�*DWLQJ�/RZ�3RZHU�0RGHV

,'/(�DQG�+$/7�PRGHV�RQ�WKLV�GHYLFH�DUH�VLPLODU�WR�WKRVH�RQ�RWKHU�&��[�GHYLFHV��7DEOH�����GHVFULEHV�WKH�HIIHFW�
RQ�WKH�V\VWHP�ZKHQ�DQ\�RI�WKH�FORFN�JDWLQJ�ORZ�SRZHU�PRGHV�DUH�HQWHUHG�

7DEOH������(IIHFW�RI�&ORFN�*DWLQJ�/RZ�3RZHU�0RGHV�RQ�WKH�'HYLFH

02'8/(6�

&/2&.�'20$,1
,'/( 67$1'%< +$/7

6<6&/. $FWLYH *DWHG *DWHG

&38&/. *DWHG *DWHG *DWHG

&ORFN�WR�PRGXOHV�FRQQHFWHG�
WR�3(5[�6<6&/.

$FWLYH *DWHG *DWHG

:'&/. $FWLYH $FWLYH *DWHG�LI�&/.65&&7/��:'+$/7,� ��

3// 3RZHUHG 3RZHUHG 6RIWZDUH�PXVW�SRZHU�GRZQ�3//�EHIRUH�HQWHULQJ�+$/7�

,1726&� 3RZHUHG 3RZHUHG 3RZHUHG�GRZQ�LI�&/.65&&7/��:'+$/7,� ��

,1726&� 3RZHUHG 3RZHUHG 3RZHUHG�GRZQ�LI�&/.65&&7/��:'+$/7,� ��

)ODVK��� 3RZHUHG 3RZHUHG 3RZHUHG

;7$/��� 3RZHUHG 3RZHUHG 3RZHUHG

��� 7KH�)ODVK�PRGXOH�LV�QRW�SRZHUHG�GRZQ�E\�KDUGZDUH�LQ�DQ\�/30��,W�PD\�EH�SRZHUHG�GRZQ�XVLQJ�VRIWZDUH�LI�UHTXLUHG�E\�WKH�
DSSOLFDWLRQ��)RU�PRUH�LQIRUPDWLRQ��VHH�WKH�)ODVK�DQG�273�0HPRU\�VHFWLRQ�RI�WKH�6\VWHP�&RQWURO�FKDSWHU�LQ�WKH�706���)�����[�
5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO��

��� 7KH�;7$/�LV�QRW�SRZHUHG�GRZQ�E\�KDUGZDUH�LQ�DQ\�/30��,W�PD\�EH�SRZHUHG�GRZQ�E\�VRIWZDUH�VHWWLQJ�WKH�;7$/&5�26&2))�ELW�WR����
7KLV�FDQ�EH�GRQH�DW�DQ\�WLPH�GXULQJ�WKH�DSSOLFDWLRQ�LI�WKH�;7$/�LV�QRW�UHTXLUHG�

ZZZ�WL�FRP
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706���)������&��706���)������&�4�
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���������/RZ�3RZHU�0RGH�:DNH�XS�7LPLQJ

)RU�DQ�H[SODQDWLRQ�RI�WKH�LQSXW�TXDOLILHU�SDUDPHWHUV��VHH�WKH�*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV�WDEOH�

�����������,'/(�0RGH�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�:$.(�� 3XOVH�GXUDWLRQ��H[WHUQDO�ZDNH�XS�VLJQDO
:LWKRXW�LQSXW�TXDOLILHU �WF�6<6&/.�

F\FOHV
:LWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZ�,46:�

�����������,'/(�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 0$; 81,7

WG�:$.(�,'/(��

'HOD\�WLPH��H[WHUQDO�
ZDNH�VLJQDO�WR�SURJUDP�
H[HFXWLRQ�UHVXPH���

)URP�)ODVK��DFWLYH�VWDWH�
:LWKRXW�LQSXW�TXDOLILHU ��WF�6<6&/.� F\FOHV

:LWK�LQSXW�TXDOLILHU ��WF�6<6&/.����WZ�:$.(� F\FOHV

)URP�)ODVK��VOHHS�VWDWH�
:LWKRXW�LQSXW�TXDOLILHU ����WF�6<6&/.����� F\FOHV

:LWK�LQSXW�TXDOLILHU ����WF�6<6&/.��������WZ�:$.(� F\FOHV

)URP�5$0
:LWKRXW�LQSXW�TXDOLILHU ��WF�6<6&/.� F\FOHV

:LWK�LQSXW�TXDOLILHU ��WF�6<6&/.����WZ�:$.(� F\FOHV

��� 7KLV�LV�WKH�WLPH�WDNHQ�WR�EHJLQ�H[HFXWLRQ�RI�WKH�LQVWUXFWLRQ�WKDW�LPPHGLDWHO\�IROORZV�WKH�,'/(�LQVWUXFWLRQ��([HFXWLRQ�RI�DQ�,65��WULJJHUHG�
E\�WKH�ZDNH�XS�VLJQDO��LQYROYHV�DGGLWLRQDO�ODWHQF\�

��� 7KLV�YDOXH�LV�EDVHG�RQ�WKH�IODVK�SRZHU�XS�WLPH��ZKLFK�LV�D�IXQFWLRQ�RI�WKH�6<6&/.�IUHTXHQF\��IODVK�ZDLW�VWDWHV��5:$,7���DQG�
)3$&�>36/((3@�

�����������,'/(�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP

WAKE
(A)

XCLKOUT

Address/Data
(internal)

tw(WAKE)

td(WAKE-IDLE)

$� :$.(�FDQ�EH�DQ\�HQDEOHG�LQWHUUXSW��:',17�RU�;56Q��$IWHU�WKH�,'/(�LQVWUXFWLRQ�LV�H[HFXWHG��D�GHOD\�RI�ILYH�26&&/.�F\FOHV��PLQLPXP��

LV�QHHGHG�EHIRUH�WKH�ZDNH�XS�VLJQDO�FRXOG�EH�DVVHUWHG�

)LJXUH�������,'/(�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP
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��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG
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×

�����������67$1'%<�0RGH�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�:$.(�,17��
3XOVH�GXUDWLRQ��H[WHUQDO�
ZDNH�XS�VLJQDO

48$/67'%<� ���_��WF�26&&/.� �WF�26&&/.�
F\FOHV48$/67'%<�!���_

�����48$/67'%<�WF�26&&/.�����
�����48$/67'%<��
�WF�26&&/.�

��� 48$/67'%<�LV�D���ELW�ILHOG�LQ�WKH�/30&5�UHJLVWHU�

�����������67$1'%<�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 0$; 81,7

WG�,'/(�;&26�
'HOD\�WLPH��,'/(�LQVWUXFWLRQ�H[HFXWHG�WR�
;&/.287�VWRS

��WF�,1726&�� F\FOHV

WG�:$.(�67%<�

'HOD\�WLPH��H[WHUQDO�ZDNH�VLJQDO�WR�SURJUDP�
H[HFXWLRQ�UHVXPH���

:DNHXS�IURP�IODVK
�)ODVK�PRGXOH�LQ�
DFWLYH�VWDWH�

���WF�6<6&/.����WZ�:$.(�,17� F\FOHV

WG�:$.(�67%<�

:DNHXS�IURP�IODVK
�)ODVK�PRGXOH�LQ�
VOHHS�VWDWH�

����WF�6<6&/.��������WZ�:$.(�,17� F\FOHV

WG�:$.(�67%<� :DNHXS�IURP�5$0 �WF�26&������WF�6<6&/.����WZ�:$.(�,17� F\FOHV

��� 7KLV�LV�WKH�WLPH�WDNHQ�WR�EHJLQ�H[HFXWLRQ�RI�WKH�LQVWUXFWLRQ�WKDW�LPPHGLDWHO\�IROORZV�WKH�,'/(�LQVWUXFWLRQ��([HFXWLRQ�RI�DQ�,65��WULJJHUHG�
E\�WKH�ZDNH�XS�VLJQDO��LQYROYHV�DGGLWLRQDO�ODWHQF\�

��� 7KLV�YDOXH�LV�EDVHG�RQ�WKH�IODVK�SRZHU�XS�WLPH��ZKLFK�LV�D�IXQFWLRQ�RI�WKH�6<6&/.�IUHTXHQF\��IODVK�ZDLW�VWDWHV��5:$,7���DQG�
)3$&�>36/((3@�

�����������67$1'%<�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP

Wake-up
Signal

OSCCLK

XCLKOUT

Flushing Pipeline

(A)

Device
Status

STANDBY Normal ExecutionSTANDBY

(G)(B)

(C)

(D)(E)

(F)

td(IDLE-XCOS)

tw(WAKE-INT)

td(WAKE-STBY)

$� ,'/(�LQVWUXFWLRQ�LV�H[HFXWHG�WR�SXW�WKH�GHYLFH�LQWR�67$1'%<�PRGH�

%� 7KH�/30�EORFN�UHVSRQGV�WR�WKH�67$1'%<�VLJQDO��6<6&/.�LV�KHOG�IRU�D�PD[LPXP����,1726&��FORFN�F\FOHV�EHIRUH�EHLQJ�WXUQHG�RII��

7KLV�GHOD\�HQDEOHV�WKH�&38�SLSHOLQH�DQG�DQ\�RWKHU�SHQGLQJ�RSHUDWLRQV�WR�IOXVK�SURSHUO\�

&� &ORFN�WR�WKH�SHULSKHUDOV�DUH�WXUQHG�RII��+RZHYHU��WKH�3//�DQG�ZDWFKGRJ�DUH�QRW�VKXW�GRZQ��7KH�GHYLFH�LV�QRZ�LQ�67$1'%<�PRGH��$IWHU�

WKH�,'/(�LQVWUXFWLRQ�LV�H[HFXWHG��D�GHOD\�RI�ILYH�26&&/.�F\FOHV��PLQLPXP��LV�QHHGHG�EHIRUH�WKH�ZDNH�XS�VLJQDO�FRXOG�EH�DVVHUWHG�

'� 7KH�H[WHUQDO�ZDNH�XS�VLJQDO�LV�GULYHQ�DFWLYH�

(� 7KH�ZDNH�XS�VLJQDO�IHG�WR�D�*3,2�SLQ�WR�ZDNH�XS�WKH�GHYLFH�PXVW�PHHW�WKH�PLQLPXP�SXOVH�ZLGWK�UHTXLUHPHQW��)XUWKHUPRUH��WKLV�VLJQDO�

PXVW�EH�IUHH�RI�JOLWFKHV��,I�D�QRLV\�VLJQDO�LV�IHG�WR�D�*3,2�SLQ��WKH�ZDNHXS�EHKDYLRU�RI�WKH�GHYLFH�ZLOO�QRW�EH�GHWHUPLQLVWLF�DQG�WKH�GHYLFH�

PD\�QRW�H[LW�ORZ�SRZHU�PRGH�IRU�VXEVHTXHQW�ZDNHXS�SXOVHV�

)� $IWHU�D�ODWHQF\�SHULRG��WKH�67$1'%<�PRGH�LV�H[LWHG�

*� 1RUPDO�H[HFXWLRQ�UHVXPHV��7KH�GHYLFH�ZLOO�UHVSRQG�WR�WKH�LQWHUUXSW��LI�HQDEOHG��

)LJXUH�������67$1'%<�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP

ZZZ�WL�FRP
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×

�����������+$/7�0RGH�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�:$.(�*3,2�� 3XOVH�GXUDWLRQ��*3,2�ZDNH�XS�VLJQDO��� WRVFVW����WF�26&&/.� F\FOHV

WZ�:$.(�;56� 3XOVH�GXUDWLRQ��;56�ZDNH�XS�VLJQDO��� WRVFVW����WF�26&&/.� F\FOHV

��� )RU�DSSOLFDWLRQV�XVLQJ�;��;��IRU�26&&/.��WKH�XVHU�PXVW�FKDUDFWHUL]H�WKHLU�VSHFLILF�RVFLOODWRU�VWDUW�XS�WLPH�DV�LW�LV�GHSHQGHQW�RQ�
FLUFXLW�OD\RXW�H[WHUQDO�WR�WKH�GHYLFH��6HH�&U\VWDO�2VFLOODWRU��;7$/��VHFWLRQ�IRU�PRUH�LQIRUPDWLRQ��)RU�DSSOLFDWLRQV�XVLQJ�,1726&��RU�
,1726&��IRU�26&&/.��VHH�WKH�,QWHUQDO�2VFLOODWRUV�VHFWLRQ�IRU�WRVFVW��2VFLOODWRU�VWDUW�XS�WLPH�GRHV�QRW�DSSO\�WR�DSSOLFDWLRQV�XVLQJ�D�
VLQJOH�HQGHG�FU\VWDO�RQ�WKH�;��SLQ��DV�LW�LV�SRZHUHG�H[WHUQDOO\�WR�WKH�GHYLFH�

�����������+$/7�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

WG�,'/(�;&26�
'HOD\�WLPH��,'/(�LQVWUXFWLRQ�H[HFXWHG�WR�;&/.287�
VWRS

��WF�,1726&�� F\FOHV

WG�:$.(�+$/7�

'HOD\�WLPH��H[WHUQDO�ZDNH�VLJQDO�HQG�WR�&38��SURJUDP�
H[HFXWLRQ�UHVXPH

F\FOHV:DNHXS�IURP�)ODVK���)ODVK�PRGXOH�LQ�DFWLYH�VWDWH ��WF�26&&/.�

:DNHXS�IURP�)ODVK���)ODVK�PRGXOH�LQ�VOHHS�VWDWH ����WF�6<6&/.����WF�26&&/.�����

:DNHXS�IURP�5$0 ��WF�26&&/.�

��� 7KLV�YDOXH�LV�EDVHG�RQ�WKH�IODVK�SRZHU�XS�WLPH��ZKLFK�LV�D�IXQFWLRQ�RI�WKH�6<6&/.�IUHTXHQF\��IODVK�ZDLW�VWDWHV��5:$,7���DQG�
)3$&�>36/((3@�
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�����������+$/7�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP

OSCCLK

XCLKOUT

HALT HALT

Flushing Pipeline

Device
Status

Normal
Execution

GPIOn

(A) (C)

(D)(E)

(F)

(B) (G)

td(IDLE-XCOS)

tw(WAKE-GPIO)

td(WAKE-HALT)

Oscillator Start-up Time

$� ,'/(�LQVWUXFWLRQ�LV�H[HFXWHG�WR�SXW�WKH�GHYLFH�LQWR�+$/7�PRGH�

%� 7KH�/30�EORFN�UHVSRQGV�WR�WKH�+$/7�VLJQDO��6<6&/.�LV�KHOG�IRU�D�PD[LPXP����,1726&��FORFN�F\FOHV�EHIRUH�EHLQJ�WXUQHG�RII��7KLV�

GHOD\�HQDEOHV�WKH�&38�SLSHOLQH�DQG�DQ\�RWKHU�SHQGLQJ�RSHUDWLRQV�WR�IOXVK�SURSHUO\�

&� &ORFNV�WR�WKH�SHULSKHUDOV�DUH�WXUQHG�RII�DQG�WKH�3//�LV�VKXW�GRZQ��,I�D�TXDUW]�FU\VWDO�RU�FHUDPLF�UHVRQDWRU�LV�XVHG�DV�WKH�FORFN�

VRXUFH��WKH�LQWHUQDO�RVFLOODWRU�LV�VKXW�GRZQ�DV�ZHOO��7KH�GHYLFH�LV�QRZ�LQ�+$/7�PRGH�DQG�FRQVXPHV�YHU\�OLWWOH�SRZHU��,W�LV�SRVVLEOH�

WR�NHHS�WKH�]HUR�SLQ�LQWHUQDO�RVFLOODWRUV��,1726&��DQG�,1726&���DQG�WKH�ZDWFKGRJ�DOLYH�LQ�+$/7�02'(��7KLV�LV�GRQH�E\�ZULWLQJ���

WR�&/.65&&7/��:'+$/7,��$IWHU�WKH�,'/(�LQVWUXFWLRQ�LV�H[HFXWHG��D�GHOD\�RI�ILYH�26&&/.�F\FOHV��PLQLPXP��LV�QHHGHG�EHIRUH�WKH�

ZDNH�XS�VLJQDO�FRXOG�EH�DVVHUWHG�

'� :KHQ�WKH�*3,2Q�SLQ��XVHG�WR�EULQJ�WKH�GHYLFH�RXW�RI�+$/7��LV�GULYHQ�ORZ��WKH�RVFLOODWRU�LV�WXUQHG�RQ�DQG�WKH�RVFLOODWRU�ZDNH�XS�

VHTXHQFH�LV�LQLWLDWHG��7KH�*3,2�SLQ�VKRXOG�EH�GULYHQ�KLJK�RQO\�DIWHU�WKH�RVFLOODWRU�KDV�VWDELOL]HG��7KLV�HQDEOHV�WKH�SURYLVLRQ�RI�D�FOHDQ�

FORFN�VLJQDO�GXULQJ�WKH�3//�ORFN�VHTXHQFH��%HFDXVH�WKH�IDOOLQJ�HGJH�RI�WKH�*3,2�SLQ�DV\QFKURQRXVO\�EHJLQV�WKH�ZDNH�XS�SURFHGXUH��

FDUH�VKRXOG�EH�WDNHQ�WR�PDLQWDLQ�D�ORZ�QRLVH�HQYLURQPHQW�EHIRUH�HQWHULQJ�DQG�GXULQJ�+$/7�PRGH�

(� 7KH�ZDNH�XS�VLJQDO�IHG�WR�D�*3,2�SLQ�WR�ZDNH�XS�WKH�GHYLFH�PXVW�PHHW�WKH�PLQLPXP�SXOVH�ZLGWK�UHTXLUHPHQW��)XUWKHUPRUH��WKLV�VLJQDO�

PXVW�EH�IUHH�RI�JOLWFKHV��,I�D�QRLV\�VLJQDO�LV�IHG�WR�D�*3,2�SLQ��WKH�ZDNH�XS�EHKDYLRU�RI�WKH�GHYLFH�ZLOO�QRW�EH�GHWHUPLQLVWLF�DQG�WKH�

GHYLFH�PD\�QRW�H[LW�ORZ�SRZHU�PRGH�IRU�VXEVHTXHQW�ZDNH�XS�SXOVHV�

)� :KHQ�&/.,1�WR�WKH�FRUH�LV�HQDEOHG��WKH�GHYLFH�ZLOO�UHVSRQG�WR�WKH�LQWHUUXSW��LI�HQDEOHG���DIWHU�VRPH�ODWHQF\��7KH�+$/7�PRGH�LV�QRZ�

H[LWHG�

*� 1RUPDO�RSHUDWLRQ�UHVXPHV�

+� 7KH�XVHU�PXVW�UHORFN�WKH�3//�XSRQ�+$/7�ZDNHXS�WR�HQVXUH�D�VWDEOH�3//�ORFN�

)LJXUH�������+$/7�(QWU\�DQG�([LW�7LPLQJ�'LDJUDP

ZZZ�WL�FRP
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�����$QDORJ�3HULSKHUDOV

7KH�DQDORJ�VXEV\VWHP�PRGXOH�LV�GHVFULEHG�LQ�WKLV�VHFWLRQ�

7KH�DQDORJ�PRGXOHV�RQ�WKLV�GHYLFH�LQFOXGH�WKH�$'&��WHPSHUDWXUH�VHQVRU��&0366��DQG�EXIIHUHG�'$&�

7KH�DQDORJ�VXEV\VWHP�KDV�WKH�IROORZLQJ�IHDWXUHV�

� )OH[LEOH�YROWDJH�UHIHUHQFHV
± 7KH�$'&V�DUH�UHIHUHQFHG�WR�95()+,[�DQG�966$�SLQV

� 95()+,[�SLQ�YROWDJH�FDQ�EH�GULYHQ�LQ�H[WHUQDOO\�RU�FDQ�EH�JHQHUDWHG�E\�DQ�LQWHUQDO�EDQGJDS�YROWDJH�
UHIHUHQFH

� 7KH�LQWHUQDO�YROWDJH�UHIHUHQFH�UDQJH�FDQ�EH�VHOHFWHG�WR�EH��9�WR����9�RU��9�WR����9
± 7KH�EXIIHUHG�'$&V�DUH�UHIHUHQFHG�WR�95()+,[�DQG�966$

� $OWHUQDWHO\��WKHVH�'$&V�FDQ�EH�UHIHUHQFHG�WR�WKH�9'$&�SLQ�DQG�966$
± 7KH�FRPSDUDWRU�'$&V�DUH�UHIHUHQFHG�WR�9''$�DQG�966$

� $OWHUQDWHO\��WKHVH�'$&V�FDQ�EH�UHIHUHQFHG�WR�WKH�9'$&�SLQ�DQG�966$
� )OH[LEOH�SLQ�XVDJH

± %XIIHUHG�'$&�RXWSXWV��FRPSDUDWRU�VXEV\VWHP�LQSXWV��DQG�GLJLWDO�LQSXWV��$,2V��RXWSXWV��$*3,2V��DUH�
PXOWLSOH[HG�ZLWK�$'&�LQSXWV

± ,QWHUQDO�FRQQHFWLRQ�WR�95()/2�RQ�DOO�$'&V�IRU�RIIVHW�VHOI�FDOLEUDWLRQ

)LJXUH������VKRZV�WKH�$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�IRU�WKH�����SLQ�3=�/4)3�

)LJXUH������VKRZV�WKH�$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�IRU�WKH����SLQ�31�/4)3�

)LJXUH������VKRZV�WKH�$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�IRU�WKH����SLQ�30�/4)3�

)LJXUH������VKRZV�WKH�$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�IRU�WKH����SLQ�37�/4)3�

)LJXUH������VKRZV�WKH�DQDORJ�JURXS�FRQQHFWLRQV��6HFWLRQ��������OLVWV�WKH�DQDORJ�SLQV�DQG�LQWHUQDO�FRQQHFWLRQV��
6HFWLRQ��������OLVWV�GHVFULSWLRQV�RI�DQDORJ�VLJQDOV�
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ADC-A

12-bits

A2/B6/C9

A11/B10/C0

B9/C7

VREFHI

REFHI

CMP2_HP

CTRIP2L

CTRIPOUT2L

Comparator Subsystem 2

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

REFLO

CMP2_HN

CMP2_LN

CMP2_LP

CTRIP2H

CTRIPOUT2H

CMP1_HP

CTRIP1L

CTRIPOUT1L

Comparator Subsystem 1

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP1_HN

CMP1_LN

CMP1_LP

CTRIP1H

CTRIPOUT1H

CMP4_HP

CTRIP4L

CTRIPOUT4L

Comparator Subsystem 4

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP4_HN

CMP4_LN

CMP4_LP

CTRIP4H

CTRIPOUT4H

CMP3_HP

CTRIP3L

CTRIPOUT3L

Comparator Subsystem 3

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP3_HN

CMP3_LN

CMP3_LP

CTRIP3H

CTRIPOUT3H

Reference Circuit

ANAREFSEL

REFLO

Vref

ADC Inputs

C0 to C15

In
p

u
t M

U
X

VREFLO

ADC-C

12-bits

REFHI

REFLO

In
p

u
t M

U
X

Misc. Analog

ADC Inputs

A0 to A15

CMPSS Inputs

A4/B8

A12

A8

B3/VDAC

A14/B14/C4

Temp Sensor 

(C12)

A
n

a
lo

g
 I

n
te

rc
o

n
n

e
ct

A7/C3

A6

A9

B2/C6

A1/B7/DACB_OUT

A10/B1/C10

B12/C2

A0/B15/C15/DACA_OUT

HPMXSEL4/                /LPMXSEL4/ 

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

CMPSS2 Input MUX

CMPSS3 Input MUX

CMPSS4 Input MUX

CMPSS1 Input MUX

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL4/                    /LPMXSEL4/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL4/                /LPMXSEL4/

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL2/                /LPMXSEL2/

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL0/                /LPMXSEL0/

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                /LPMXSEL2/

HPMXSEL4/                /LPMXSEL4/

ADC-B

12-bits

REFHI

REFLO

In
p

u
t M

U
X

ADC Inputs

B0 to B15

12-bit 

Buffered 

DAC-A

VREFHI VDAC

12-bit 

Buffered 

DAC-B

VREFHI VDAC

DACA_OUT

DACB_OUT

HPMXSEL5/                    /LPMXSEL5/

HPMXSEL5/                    /LPMXSEL5/

B5, B5/GPIO20 HPMXSEL5/                /LPMXSEL5/ 

HPMXSEL5/                /LPMXSEL5/B11, B11/GPIO21

B4/C8

C14

C1

B0/C11
A5

A3

C5

AIOAIOAIO

AGPIOAGPIOAGPIO

AIOAIOAIO

AIOAIOAIO

AIOAIOAIO

AGPIOAGPIOAGPIO
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ADC-A

12-bits

A2/B6/C9

A11/B10/C0

A15/B9/C7

VREFHI

REFHI

CMP2_HP

CTRIP2L

CTRIPOUT2L

Comparator Subsystem 2

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

REFLO

CMP2_HN

CMP2_LN

CMP2_LP

CTRIP2H

CTRIPOUT2H

CMP1_HP

CTRIP1L

CTRIPOUT1L

Comparator Subsystem 1

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP1_HN

CMP1_LN

CMP1_LP

CTRIP1H

CTRIPOUT1H

CMP4_HP

CTRIP4L

CTRIPOUT4L

Comparator Subsystem 4

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP4_HN

CMP4_LN

CMP4_LP

CTRIP4H

CTRIPOUT4H

CMP3_HP

CTRIP3L

CTRIPOUT3L

Comparator Subsystem 3

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP3_HN

CMP3_LN

CMP3_LP

CTRIP3H

CTRIPOUT3H

Reference Circuit

ANAREFSEL

REFLO

Vref

ADC Inputs

C0 to C15

In
p

u
t M

U
X

VREFLO

ADC-C

12-bits

REFHI

REFLO

In
p

u
t M

U
X

Misc. Analog

ADC Inputs

A0 to A15

CMPSS Inputs

A4/B8/C14

A12/C1

A8/B0/C11

A3/B3/C5/VDAC

A14/B14/C4

Temp Sensor 

(C12)

A
n

a
lo

g
 I

n
te

rc
o

n
n

e
ct

A7/C3

A6

A9/B4/C8

B2/C6

A1/B7/DACB_OUT

A10/B1/C10

A5/B12/C2

A0/B15/C15/DACA_OUT

HPMXSEL4/                /LPMXSEL4/ 

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

CMPSS2 Input MUX

CMPSS3 Input MUX

CMPSS4 Input MUX

CMPSS1 Input MUX

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL4/                    /LPMXSEL4/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL4/                /LPMXSEL4/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL2/                /LPMXSEL2/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL0/                /LPMXSEL0/ 

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                /LPMXSEL2/ 

HPMXSEL4/                /LPMXSEL4/ 

ADC-B

12-bits

REFHI

REFLO

In
p

u
t M

U
X

ADC Inputs

B0 to B15

12-bit 

Buffered 

DAC-A

VREFHI VDAC

12-bit 

Buffered 

DAC-B

VREFHI VDAC

DACA_OUT

DACB_OUT

HPMXSEL5/                    /LPMXSEL5/

HPMXSEL5/                    /LPMXSEL5/

B5/GPIO20 HPMXSEL5/                /LPMXSEL5/ 

HPMXSEL5/                /LPMXSEL5/ B11/GPIO21

AIOAIOAIO

AGPIOAGPIOAGPIO

AIOAIOAIO

AGPIOAGPIOAGPIO

AIOAIOAIO

AIOAIOAIO
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ADC-A

12-bits

A2/B6/C9

A11/B10/C0

A15/B9/C7

VREFHI

REFHI

CMP2_HP

CTRIP2L

CTRIPOUT2L

Comparator Subsystem 2

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

REFLO

CMP2_HN

CMP2_LN

CMP2_LP

CTRIP2H

CTRIPOUT2H

CMP1_HP

CTRIP1L

CTRIPOUT1L

Comparator Subsystem 1

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP1_HN

CMP1_LN

CMP1_LP

CTRIP1H

CTRIPOUT1H

CMP4_HP

CTRIP4L

CTRIPOUT4L

Comparator Subsystem 4

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP4_HN

CMP4_LN

CMP4_LP

CTRIP4H

CTRIPOUT4H

CMP3_HP

CTRIP3L

CTRIPOUT3L

Comparator Subsystem 3

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP3_HN

CMP3_LN

CMP3_LP

CTRIP3H

CTRIPOUT3H

Reference Circuit

ANAREFSEL

REFLO

Vref

ADC Inputs

C0 to C15

In
p

u
t M

U
X

VREFLO

ADC-C

12-bits

REFHI

REFLO

In
p

u
t M

U
X

Misc. Analog

ADC Inputs

A0 to A15

CMPSS Inputs

A4/B8/C14

A12/C1

A8/B0/C11

A3/B3/C5/VDAC

A14/B14/C4

Temp Sensor 

(C12)

A
n

a
lo

g
 I

n
te

rc
o

n
n

e
ct

A7/C3

A6

A9/B4/C8

B2/C6

A1/B7/DACB_OUT

A10/B1/C10

A5/B12/C2

A0/B15/C15/DACA_OUT

HPMXSEL4/                /LPMXSEL4/ 

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

CMPSS2 Input MUX

CMPSS3 Input MUX

CMPSS4 Input MUX

CMPSS1 Input MUX

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                    /LPMXSEL2/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL4/                    /LPMXSEL4/ 

HPMXSEL0/                    /LPMXSEL0/ 

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL4/                /LPMXSEL4/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL2/                /LPMXSEL2/ 

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL0/                /LPMXSEL0/ 

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                /LPMXSEL2/ 

HPMXSEL4/                /LPMXSEL4/ 

ADC-B

12-bits

REFHI

REFLO

In
p

u
t M

U
X

ADC Inputs

B0 to B15

12-bit 

Buffered 

DAC-A

VREFHI VDAC

12-bit 

Buffered 

DAC-B

VREFHI VDAC

DACA_OUT

DACB_OUT

HPMXSEL5/                    /LPMXSEL5/

HPMXSEL5/                    /LPMXSEL5/

AIOAIOAIO

AIOAIOAIO

AIOAIOAIO

AIOAIOAIO

)LJXUH�������$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�����3LQ�30�/4)3�

ZZZ�WL�FRP
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ADC-A

12-bits

A2/B6/C9

A11/B10/C0

A15/B9/C7

VREFHI

REFHI

CMP2_HP

CTRIP2L

CTRIPOUT2L

Comparator Subsystem 2

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

REFLO

CMP2_HN

CMP2_LN

CMP2_LP

CTRIP2H

CTRIPOUT2H

CMP1_HP

CTRIP1L

CTRIPOUT1L

Comparator Subsystem 1

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP1_HN

CMP1_LN

CMP1_LP

CTRIP1H

CTRIPOUT1H

CMP4_HP

CTRIP4L

CTRIPOUT4L

Comparator Subsystem 4

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP4_HN

CMP4_LN

CMP4_LP

CTRIP4H

CTRIPOUT4H

CMP3_HP

CTRIP3L

CTRIPOUT3L

Comparator Subsystem 3

VDDA or VDAC

Digital 

Filter

Digital 

Filter

DAC12

DAC12

CMP3_HN

CMP3_LN

CMP3_LP

CTRIP3H

CTRIPOUT3H

Reference Circuit

ANAREFSEL

REFLO

Vref

ADC Inputs

C0 to C15

In
p

u
t M

U
X

VREFLO

ADC-C

12-bits

REFHI

REFLO

In
p

u
t M

U
X

Misc. Analog

ADC Inputs

A0 to A15

CMPSS Inputs

A4/B8/C14

A12/C1

A8/B0/C11

A3/B3/C5/VDAC

Temp Sensor 

(C12)

A
n

a
lo

g
 I

n
te

rc
o

n
n

e
ct

A7/C3

A6/B2/C6

A9/B4/C8

A1/B7/DACB_OUT

A10/B1/C10

A5/B12/C2

A0/B15/C15/DACA_OUT

HPMXSEL4/                /LPMXSEL4/

HPMXSEL2/                /LPMXSEL2/

HPMXSEL0/                /LPMXSEL0/

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

CMPSS2 Input MUX

CMPSS3 Input MUX

CMPSS4 Input MUX

CMPSS1 Input MUX

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                /LPMXSEL2/

HPMXSEL0/                /LPMXSEL0/

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL4/                /LPMXSEL4/

HPMXSEL0/                /LPMXSEL0/

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL2/                /LPMXSEL2/

HPMXSEL1/HNMXSEL1/LPMXSEL1/LNMXSEL1

HPMXSEL0/                /LPMXSEL0/

HPMXSEL3/HNMXSEL0/LPMXSEL3/LNMXSEL0

HPMXSEL2/                /LPMXSEL2/

HPMXSEL4/                /LPMXSEL4/

ADC-B

12-bits

REFHI

REFLO

In
p

u
t M

U
X

ADC Inputs

B0 to B15

12-bit 

Buffered 

DAC-A

VREFHI VDAC

12-bit 

Buffered 

DAC-B

VREFHI VDAC

DACA_OUT

DACB_OUT

HPMXSEL5/                    /LPMXSEL5/

HPMXSEL5/                    /LPMXSEL5/

AIOAIOAIO

AIOAIOAIO

AIOAIOAIO

AIOAIOAIO

)LJXUH�������$QDORJ�6XEV\VWHP�%ORFN�'LDJUDP�����3LQ�37�/4)3�

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



CMPSSx Input MUX

CMPx_HP0

CMPx_HP1

CMPx_HP2

CMPx_HP3

CMPx_HP4

CMPx_HN0

CMPx_HN1

CMPx_LN0

CMPx_LN1

CMPx_LP0

CMPx_LP1

CMPx_LP2

CMPx_LP3

CMPx_LP4

CMPxHPMX

0

1

2

3

4

0

1

0

1

0

1

2

3

4

CMPxHNMX

CMPxLNMX

CMPxLPMX

CMPx_HP

CMPx_HN

CMPx_LN

CMPx_LP

T
o
 C

M
P

S
S

x

Gx_ADCA

Gx_ADCC

Gx_ADCA

Gx_ADCC

T
o
 A

D
C

s

AIO

AIO

Gx_ADCB Gx_ADCB

AIO

CMPx_HP5 5

CMPx_LP5 5

AGPIO

$� $,2V�VXSSRUW�GLJLWDO�LQSXW�PRGH�RQO\�

)LJXUH�������$QDORJ�*URXS�&RQQHFWLRQV

ZZZ�WL�FRP
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�������$QDORJ�3LQV�DQG�,QWHUQDO�&RQQHFWLRQV

7DEOH������$QDORJ�3LQV�DQG�,QWHUQDO�&RQQHFWLRQV

3LQ�1DPH

3DFNDJH�3LQ $'& &RPSDUDWRU�6XEV\VWHP��08;�

$,2�,QSXW
����3= ���31 ���30 ���37 $ % &

+LJK

3RVLWLYH

+LJK

1HJDWLYH

/RZ

3RVLWLYH

/RZ

1HJDWLYH

95()+, ������ �� �� ��

95()/2 ������ �� �� �� $�� %�� &��

$QDORJ�*URXS�� &03�

$� �� �� � ���� $� � � &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$��%��&� �� �� � � $� %� &� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$�� �
�� �� �

$�� � � &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

%��&� �� � %� &�

$���%���&� �� �� �� � $�� %�� &� &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

$��%��'$&%B287 �� �� �� �� $� %� � &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$QDORJ�*URXS�� &03�

$���%��&�� �� �� �� �� $�� %� &�� &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

$QDORJ�*URXS�� &03�

%��&� �� �� � ���� � %� &� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

%��9'$&��� ��

�� � �

� %� � &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

&� �� � � &�

$�
�

$�
� �

&03���+30;6(/ �� &03���/30;6(/ ��
�� � � � � � $,2���

$���%���&� �� �� �� � $�� %�� &� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$��%���&���
'$&$B287

�� �� �� �� $� %�� &�� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$QDORJ�*URXS�� &03�

$��&� �� �� �� �� $� � &� &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

&RPELQHG�$QDORJ�*URXS���� &03���

$�
�� � � �

$�
� �

&03���+30;6(/ �� &03���/30;6(/ ��
$,2���

�
�� �� �

� �

%���&� �� � %�� &� &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

&RPELQHG�$QDORJ�*URXS���� &03���

$�� ��
�� �� ��

$�� � � &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ �� $,2���

&� �� � � &� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

$�
�� � � �

$�
� �

&03���+30;6(/ �� &03���/30;6(/ ��
$,2���

�
�� �� ��

� � $,2���

%��&��
� �

%� &�� &03���+30;6(/ �� &03���/30;6(/ ��
�� � � � � $,2���

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�706���)������&�4�



7DEOH������$QDORJ�3LQV�DQG�,QWHUQDO�&RQQHFWLRQV��FRQWLQXHG�

3LQ�1DPH

3DFNDJH�3LQ $'& &RPSDUDWRU�6XEV\VWHP��08;�

$,2�,QSXW
����3= ���31 ���30 ���37 $ % &

+LJK

3RVLWLYH

+LJK

1HJDWLYH

/RZ

3RVLWLYH

/RZ

1HJDWLYH

$��%� ��
�� �� ��

$� %� � &03���+30;6(/ �� &03���/30;6(/ �� $,2���

&��
� � �

&�� &03���+30;6(/ �� &03���+10;6(/ �� &03���/30;6(/ �� &03���/10;6(/ ��
�� � � � � � $,2���

$� ��
�� �� ��

$� � � &03���+30;6(/ �� &03���/30;6(/ �� $,2���

%��&� �� � %� &� &03���+30;6(/ �� &03���/30;6(/ �� $,2���

2WKHU�$QDORJ

%� �� � � � �
%�

�
&03���+30;6(/ �� &03���/30;6(/ ��

$,2���

%��*3,2����� �� �� � � � � *3,2��

%�� �� � � � �
%��

�
&03���+30;6(/ �� &03���/30;6(/ ��

$,2���

%���*3,2����� �� �� � � � � *3,2��

7HPS6HQVRU��� � � � � � � &��

��� $��DQG�&��LV�GRXEOH�ERQGHG�DV�SLQ�����
��� 2SWLRQDO�H[WHUQDO�UHIHUHQFH�YROWDJH�IRU�RQ�FKLS�&203'$&V�*3'$&V��7KHUH�LV�DQ�LQWHUQDO�FDSDFLWDQFH�WR�966$�RQ�WKLV�SLQ�ZKHWKHU�XVHG�IRU�$'&�LQSXW�RU�&203'$&�*3'$&�UHIHUHQFH��

,I�XVHG�DV�D�9'$&�UHIHUHQFH��SODFH�DW�OHDVW�D����)�FDSDFLWRU�RQ�WKLV�SLQ�
��� 7KH�*3,2V�RQ�WKHVH�DQDORJ�SLQV�VXSSRUW�IXOO�GLJLWDO�LQSXW�DQG�RXWSXW�IXQFWLRQDOLW\�DQG�DUH�UHIHUUHG�WR�DV�$*3,2V��%\�GHIDXOW��WKH�$*3,2V�DUH�XQFRQQHFWHG��WKDW�LV��WKH�DQDORJ�DQG�GLJLWDO�

IXQFWLRQV�DUH�ERWK�GLVDEOHG��)RU�FRQILJXUDWLRQ�GHWDLOV��VHH�WKH�'LJLWDO�,QSXWV�DQG�2XWSXWV�RQ�$'&�3LQV��$*3,2V��VHFWLRQ�
��� ,QWHUQDO�FRQQHFWLRQ�RQO\��GRHV�QRW�FRPH�WR�D�GHYLFH�SLQ�

ZZZ�WL�FRP
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�������$QDORJ�6LJQDO�'HVFULSWLRQV

7DEOH������$QDORJ�6LJQDO�'HVFULSWLRQV

6LJQDO�1DPH 'HVFULSWLRQ

$,2[ 'LJLWDO�LQSXW�RQ�$'&�SLQ

*3,2[ 'LJLWDO�LQSXW�RXWSXW�SLQ�ZLWK�$'&�IXQFWLRQDOLW\

$[ $'&�$�,QSXW

%[ $'&�%�,QSXW

&[ $'&�&�,QSXW

&03[B'$&+ &RPSDUDWRU�VXEV\VWHP�KLJK�'$&�RXWSXW

&03[B'$&/ &RPSDUDWRU�VXEV\VWHP�ORZ�'$&�RXWSXW

&03[B+1\ &RPSDUDWRU�VXEV\VWHP�KLJK�FRPSDUDWRU�QHJDWLYH�LQSXW

&03[B+3\ &RPSDUDWRU�VXEV\VWHP�KLJK�FRPSDUDWRU�SRVLWLYH�LQSXW

&03[B/1\ &RPSDUDWRU�VXEV\VWHP�ORZ�FRPSDUDWRU�QHJDWLYH�LQSXW

&03[B/3\ &RPSDUDWRU�VXEV\VWHP�ORZ�FRPSDUDWRU�SRVLWLYH�LQSXW

'$&[B287 %XIIHUHG�'$&�2XWSXW

7HPS6HQVRU ,QWHUQDO�WHPSHUDWXUH�VHQVRU

9'$&

2SWLRQDO�H[WHUQDO�UHIHUHQFH�YROWDJH�IRU�RQ�FKLS�&203'$&V��7KLV�SLQ�KDV�D�KLJKHU�FDSDFLWDQFH�FRPSDUHG�WR�WKH�
RWKHU�DQDORJ�SLQV��6HH�WKH�3HU�&KDQQHO�3DUDVLWLF�&DSDFLWDQFH�WDEOH�IRU�GHWDLOV��7KLV�FDSDFLWDQFH�LV�SUHVHQW�ZKHWKHU�
WKH�SLQ�LV�EHLQJ�XVHG�IRU�$'&�LQSXW�RU�&203'$&�*3'$&�UHIHUHQFH�DQG�FDQQRW�EH�GLVDEOHG��,I�WKLV�SLQ�LV�EHLQJ�
XVHG�DV�D�UHIHUHQFH�IRU�WKH�RQ�FKLS�&203'$&�*3'$&V��SODFH�DW�OHDVW�D����)�FDSDFLWRU�RQ�WKLV�SLQ�
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�������$QDORJ�WR�'LJLWDO�&RQYHUWHU��$'&�

7KH� $'&�PRGXOH� GHVFULEHG� KHUH� LV� D� VXFFHVVLYH� DSSUR[LPDWLRQ� �6$5�� VW\OH� $'&�ZLWK� UHVROXWLRQ� RI� ��� ELWV��
7KLV�VHFWLRQ�UHIHUV� WR� WKH�DQDORJ�FLUFXLWV�RI� WKH�FRQYHUWHU�DV� WKH�³FRUH�´�DQG� LQFOXGHV� WKH�FKDQQHO�VHOHFW�08;��
WKH� VDPSOH�DQG�KROG� �6�+�� FLUFXLW�� WKH� VXFFHVVLYH� DSSUR[LPDWLRQ� FLUFXLWV�� YROWDJH� UHIHUHQFH� FLUFXLWV�� DQG� RWKHU�
DQDORJ�VXSSRUW� FLUFXLWV��7KH�GLJLWDO� FLUFXLWV�RI� WKH�FRQYHUWHU�DUH� UHIHUUHG� WR�DV� WKH� ³ZUDSSHU´�DQG� LQFOXGH� ORJLF�
IRU�SURJUDPPDEOH�FRQYHUVLRQV��UHVXOW�UHJLVWHUV��LQWHUIDFHV�WR�DQDORJ�FLUFXLWV��LQWHUIDFHV�WR�WKH�SHULSKHUDO�EXVHV��
SRVW�SURFHVVLQJ�FLUFXLWV��DQG�LQWHUIDFHV�WR�RWKHU�RQ�FKLS�PRGXOHV�

(DFK� $'&� PRGXOH� FRQVLVWV� RI� D� VLQJOH� VDPSOH�DQG�KROG� �6�+�� FLUFXLW�� 7KH� $'&� PRGXOH� LV� GHVLJQHG� WR� EH�
GXSOLFDWHG�PXOWLSOH�WLPHV�RQ�WKH�VDPH�FKLS��DOORZLQJ�VLPXOWDQHRXV�VDPSOLQJ�RU�LQGHSHQGHQW�RSHUDWLRQ�RI�PXOWLSOH�
$'&V�� 7KH�$'&�ZUDSSHU� LV� VWDUW�RI�FRQYHUVLRQ� �62&��EDVHG� �VHH� WKH�62&�3ULQFLSOH� RI�2SHUDWLRQ� VHFWLRQ� RI�
WKH� $QDORJ�WR�'LJLWDO� &RQYHUWHU� �$'&�� FKDSWHU� LQ� WKH� 706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV� 7HFKQLFDO�
5HIHUHQFH�0DQXDO��

(DFK�$'&�KDV�WKH�IROORZLQJ�IHDWXUHV�
� 5HVROXWLRQ�RI����ELWV
� 5DWLRPHWULF�H[WHUQDO�UHIHUHQFH�VHW�E\�95()+,�95()/2
� 6HOHFWDEOH�LQWHUQDO�UHIHUHQFH�RI�����9�RU�����9
� 6LQJOH�HQGHG�VLJQDOLQJ
� ,QSXW�PXOWLSOH[HU�ZLWK�XS�WR����FKDQQHOV
� ���FRQILJXUDEOH�62&V
� ���LQGLYLGXDOO\�DGGUHVVDEOH�UHVXOW�UHJLVWHUV
� 0XOWLSOH�WULJJHU�VRXUFHV

± 6�:��VRIWZDUH�LPPHGLDWH�VWDUW
± $OO�H3:0V��$'&62&�$�RU�%
± *3,2�;,17�
± &38�7LPHUV������
± $'&,17���

� )RXU�IOH[LEOH�3,(�LQWHUUXSWV
� %XUVW�PRGH�WULJJHULQJ�RSWLRQ
� )RXU�SRVW�SURFHVVLQJ�EORFNV��HDFK�ZLWK�

± 6DWXUDWLQJ�RIIVHW�FDOLEUDWLRQ
± (UURU�IURP�VHWSRLQW�FDOFXODWLRQ
± +LJK��ORZ��DQG�]HUR�FURVVLQJ�FRPSDUH��ZLWK�LQWHUUXSW�DQG�H3:0�WULS�FDSDELOLW\
± 7ULJJHU�WR�VDPSOH�GHOD\�FDSWXUH

1RWH

1RW�HYHU\�FKDQQHO�PD\�EH�SLQQHG�RXW�IURP�DOO�$'&V��6HH�WKH�3LQ�&RQILJXUDWLRQ�DQG�)XQFWLRQV�VHFWLRQ�
WR�GHWHUPLQH�ZKLFK�FKDQQHOV�DUH�DYDLODEOH�
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7KH�EORFN�GLDJUDP�IRU�WKH�$'&�FRUH�DQG�$'&�ZUDSSHU�DUH�VKRZQ�LQ�)LJXUH������

Analog System Control

Analog-to-Digital Wrapper LogicAnalog-to-Digital Core

Input Circuit

Reference Voltage Levels

SOC Arbitration 

& Control

SOCx (0-15)
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Converter
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ADCIN2

ADCIN3

ADCIN4
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Bandgap 

Reference Circuit

1.65-V Output 

(3.3-V Range)
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2.5-V Output 

(2.5-V Range)

1

0

ANAREFSEL

S/H Circuit
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���������$'&�&RQILJXUDELOLW\

6RPH�$'&�FRQILJXUDWLRQV�DUH�LQGLYLGXDOO\�FRQWUROOHG�E\�WKH�62&V��ZKLOH�RWKHUV�DUH�JOREDOO\�FRQWUROOHG�SHU�$'&�
PRGXOH��7DEOH������VXPPDUL]HV�WKH�EDVLF�$'&�RSWLRQV�DQG�WKHLU�OHYHO�RI�FRQILJXUDELOLW\�

7DEOH�������$'&�2SWLRQV�DQG�&RQILJXUDWLRQ�/HYHOV

237,216 &21),*85$%,/,7<

&ORFN 3HU�PRGXOH���

5HVROXWLRQ 1RW�FRQILJXUDEOH�����ELW�UHVROXWLRQ�RQO\�

6LJQDO�PRGH 1RW�FRQILJXUDEOH��VLQJOH�HQGHG�VLJQDO�PRGH�RQO\�

5HIHUHQFH�YROWDJH�VRXUFH (LWKHU�H[WHUQDO�RU�LQWHUQDO�IRU�DOO�PRGXOHV

7ULJJHU�VRXUFH 3HU�62&���

&RQYHUWHG�FKDQQHO 3HU�62&

$FTXLVLWLRQ�ZLQGRZ�GXUDWLRQ 3HU�62&���

(2&�ORFDWLRQ 3HU�PRGXOH

%XUVW�PRGH 3HU�PRGXOH���

��� :ULWLQJ�WKHVH�YDOXHV�GLIIHUHQWO\�WR�GLIIHUHQW�$'&�PRGXOHV�FRXOG�FDXVH�WKH�$'&V�WR�RSHUDWH�
DV\QFKURQRXVO\��)RU�JXLGDQFH�RQ�ZKHQ�WKH�$'&V�DUH�RSHUDWLQJ�V\QFKURQRXVO\�RU�DV\QFKURQRXVO\��
VHH�WKH�(QVXULQJ�6\QFKURQRXV�2SHUDWLRQ�VHFWLRQ�RI�WKH�$QDORJ�WR�'LJLWDO�&RQYHUWHU��$'&��FKDSWHU�
LQ�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO�

�����������6LJQDO�0RGH

7KH�$'&�VXSSRUWV�VLQJOH�HQGHG�VLJQDOLQJ��7KH� LQSXW�YROWDJH� WR� WKH�FRQYHUWHU� LV�VDPSOHG� WKURXJK�D�VLQJOH�SLQ�
�$'&,1[���UHIHUHQFHG�WR�95()/2�

VREFHI

VREFLO

(VSSA)

VREFHI/2

Pin Voltage

ADCINx

ADC

ADCINx

VREFLO

VREFHI

2
n
 - 1

0

Digital Output

ADC Vin

)LJXUH�������6LQJOH�HQGHG�6LJQDOLQJ�0RGH
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���������$'&�(OHFWULFDO�'DWD�DQG�7LPLQJ

1RWH

7KH�$'&�LQSXWV�VKRXOG�EH�NHSW�EHORZ�9''$�������9�GXULQJ�RSHUDWLRQ��,I�DQ�$'&�LQSXW�H[FHHGV�WKLV�
OHYHO��WKH�95()�LQWHUQDO�WR�WKH�GHYLFH�PD\�EH�GLVWXUEHG��ZKLFK�FDQ�LPSDFW�UHVXOWV�IRU�RWKHU�$'&�LQSXWV�
XVLQJ�WKH�VDPH�95()�

1RWH

7KH� 95()+,� SLQ� PXVW� EH� NHSW� EHORZ� 9''$� �� ���� 9� WR� HQVXUH� SURSHU� IXQFWLRQDO� RSHUDWLRQ�� ,I� WKH�
95()+,�SLQ�H[FHHGV�WKLV�OHYHO��D�EORFNLQJ�FLUFXLW�PD\�DFWLYDWH��DQG�WKH�LQWHUQDO�YDOXH�RI�95()+,�PD\�
IORDW�WR���9�LQWHUQDOO\��JLYLQJ�LPSURSHU�$'&�FRQYHUVLRQ�

�����������$'&�2SHUDWLQJ�&RQGLWLRQV�

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

$'&&/.��GHULYHG�IURP�3(5[�6<6&/.� � �� 0+]

6DPSOH�UDWH
����0+]�6<6&/. � 0636

����0+]�6<6&/.��$*3,2�3LQ� ���� 0636

6DPSOH�ZLQGRZ�GXUDWLRQ��VHW�E\�$&436�DQG�
3(5[�6<6&/.����

:LWK����
�RU�OHVV�5V �� QV

:LWK����
�RU�OHVV�5V��$*3,2�3LQ� �� QV

95()+, ([WHUQDO�5HIHUHQFH ��� ����RU���� 9''$ 9

95()+,���
,QWHUQDO�5HIHUHQFH� ����9�5DQJH ���� 9

,QWHUQDO�5HIHUHQFH� ����9�5DQJH ��� 9

95()/2 966$ 966$ 9

95()+,���95()/2 ��� 9''$ 9

&RQYHUVLRQ�UDQJH

,QWHUQDO�5HIHUHQFH� �����9�5DQJH � ��� 9

,QWHUQDO�5HIHUHQFH� �����9�5DQJH � ��� 9

([WHUQDO�5HIHUHQFH 95()/2 95()+, 9

��� 7KH�VDPSOH�ZLQGRZ�PXVW�DOVR�EH�DW�OHDVW�DV�ORQJ�DV���$'&&/.�F\FOH�IRU�FRUUHFW�$'&�RSHUDWLRQ�
��� ,Q�LQWHUQDO�UHIHUHQFH�PRGH��WKH�UHIHUHQFH�YROWDJH�LV�GULYHQ�RXW�RI�WKH�95()+,�SLQ�E\�WKH�GHYLFH���7KH�XVHU�VKRXOG�QRW�GULYH�D�YROWDJH�

LQWR�WKH�SLQ�LQ�WKLV�PRGH���
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�����������$'&�&KDUDFWHULVWLFV�

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

*HQHUDO

$'&&/.�&RQYHUVLRQ�&\FOHV ����0+]�6<6&/. ���� �� $'&&/.V

3RZHU�8S�7LPH

([WHUQDO�5HIHUHQFH�PRGH ��� �V

,QWHUQDO�5HIHUHQFH�PRGH ���� �V

,QWHUQDO�5HIHUHQFH�PRGH��ZKHQ�VZLWFKLQJ�EHWZHHQ�
����9�UDQJH�DQG�����9�UDQJH�

���� �V

95()+,�LQSXW�FXUUHQW��� ��� �$

,QWHUQDO�5HIHUHQFH�&DSDFLWRU�
9DOXH���

��� �)

([WHUQDO�5HIHUHQFH�&DSDFLWRU�
9DOXH���

��� �)

'&�&KDUDFWHULVWLFV

*DLQ�(UURU
,QWHUQDO�UHIHUHQFH ±�� ��

/6%
([WHUQDO�UHIHUHQFH ±� �� �

2IIVHW�(UURU ±� �� � /6%

&KDQQHO�WR�&KDQQHO�*DLQ�(UURU��� � /6%

&KDQQHO�WR�&KDQQHO�2IIVHW�
(UURU���

� /6%

$'&�WR�$'&�*DLQ�(UURU��� ,GHQWLFDO�95()+,�DQG�95()/2�IRU�DOO�$'&V � /6%

$'&�WR�$'&�2IIVHW�(UURU��� ,GHQWLFDO�95()+,�DQG�95()/2�IRU�DOO�$'&V � /6%

'1/�(UURU !±� ���� � /6%

,1/�(UURU ±� ���� � /6%

$'&�WR�$'&�,VRODWLRQ 95()+,� �����9��V\QFKURQRXV�$'&V ±� � /6%V

$&�&KDUDFWHULVWLFV

615���

([WHUQDO�95()+,�,QWHUQDO�95()+,� �����9��ILQ� �
����N+]��6<6&/.�IURP�;�

���� G%

,QWHUQDO�95()+,� ������9����WR�����9�UDQJH���ILQ� �
����N+]��6<6&/.�IURP�;�

����

G%
([WHUQDO�,QWHUQDO�95()+,��ILQ� �����N+]��6<6&/.�
IURP�,1726&

����

7+'���

([WHUQDO�95()+,�,QWHUQDO�95()+,� �����9��ILQ� �
����N+]��6<6&/.�IURP�;�

±���� G%

,QWHUQDO�95()+,� ������9����WR�����9�UDQJH���ILQ� �
����N+]��6<6&/.�IURP�;�

±���� G%

6)'5��� ([WHUQDO�,QWHUQDO�95()+,���ILQ� �����N+] ���� G%

6,1$'���

([WHUQDO�95()+,�,QWHUQDO�95()+,� ����9��ILQ� �����
N+]��6<6&/.�IURP�;�

���� G%

,QWHUQDO�95()+,� ������9����WR�����9�UDQJH���ILQ� �
����N+]��6<6&/.�IURP�;�

����

G%
([WHUQDO�,QWHUQDO�95()+,��ILQ� �����N+]��6<6&/.�
IURP�,1726&

����

(12%���

([WHUQDO�95()+,�,QWHUQDO�95()+,� �����9��ILQ�
 �����N+]��6<6&/.�IURP�;���VLQJOH�DQG�
V\QFKURQRXV�$'&V

����

ELWV
,QWHUQDO�95()+,� ������9����WR�����9�UDQJH���
ILQ� �����N+]��6<6&/.�IURP�;���VLQJOH�DQG�
V\QFKURQRXV�$'&V

����

$Q\�95()�PRGH��ILQ� �����N+]��6<6&/.�IURP�;���
DV\QFKURQRXV�$'&V

1RW�
6XSSRUWHG
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�����������$'&�&KDUDFWHULVWLFV��FRQWLQXHG�

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

3655

9''� �����9�'&������P9
'&�XS�WR�6LQH�DW���N+]

��

G%

9''� �����9�'&�������P9
'&�XS�WR�6LQH�DW�����N+]

��

9''$� �����9�'&�������P9
'&�XS�WR�6LQH�DW���N+]

��

9''$� �����9�'&�������P9
6LQH�DW�����N+]

��

��� /RDG�FXUUHQW�RQ�95()+,�LQFUHDVHV�ZKHQ�$'&�LQSXW�LV�JUHDWHU�WKDQ�9''$���7KLV�FDXVHV�LQDFFXUDWH�FRQYHUVLRQV�
��� $�FHUDPLF�FDSDFLWRU�ZLWK�SDFNDJH�VL]H�RI������RU�VPDOOHU�LV�SUHIHUUHG��8S�WR������WROHUDQFH�LV�DFFHSWDEOH�����
��� ,2�DFWLYLW\�LV�PLQLPL]HG�RQ�SLQV�DGMDFHQW�WR�$'&�LQSXW�DQG�95()+,�SLQV�DV�SDUW�RI�EHVW�SUDFWLFHV�WR�UHGXFH�FDSDFLWLYH�FRXSOLQJ�DQG�

FURVVWDON�
��� 9DULDWLRQ�DFURVV�DOO�FKDQQHOV�EHORQJLQJ�WR�WKH�VDPH�$'&�PRGXOH�
��� :RUVW�FDVH�YDULDWLRQ�FRPSDUHG�WR�RWKHU�$'&�PRGXOHV�

�����������$'&�,QSXW�0RGHO

7KH�$'&�LQSXW�FKDUDFWHULVWLFV�DUH�JLYHQ�E\�7DEOH������DQG�)LJXUH������

7DEOH�������,QSXW�0RGHO�3DUDPHWHUV

'(6&5,37,21 5()(5(1&(�02'( 9$/8(

&S 3DUDVLWLF�LQSXW�FDSDFLWDQFH $OO 6HH�7DEOH������WR�7DEOH�����

5RQ 6DPSOLQJ�VZLWFK�UHVLVWDQFH

([WHUQDO�5HIHUHQFH������9�,QWHUQDO�
5HIHUHQFH

�����

����9�,QWHUQDO�5HIHUHQFH �����

&K 6DPSOLQJ�FDSDFLWRU

([WHUQDO�5HIHUHQFH������9�,QWHUQDO�
5HIHUHQFH

�����S)

����9�,QWHUQDO�5HIHUHQFH ����S)

5V 1RPLQDO�VRXUFH�LPSHGDQFH $OO ����

ADC

RonSwitch

VREFLO

ChCp

ADCINx

AC

Rs

)LJXUH�������,QSXW�0RGHO

7KLV� LQSXW� PRGHO� VKRXOG� EH� XVHG� ZLWK� DFWXDO� VLJQDO� VRXUFH� LPSHGDQFH� WR� GHWHUPLQH� WKH� DFTXLVLWLRQ� ZLQGRZ�
GXUDWLRQ�� )RU� PRUH� LQIRUPDWLRQ�� VHH� WKH� &KRRVLQJ� DQ� $FTXLVLWLRQ� :LQGRZ� 'XUDWLRQ� VHFWLRQ� RI� WKH� $QDORJ�
WR�'LJLWDO� &RQYHUWHU� �$'&�� FKDSWHU� LQ� WKH� 706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV� 7HFKQLFDO� 5HIHUHQFH�
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$���&� ��� ����

$���%���&� ��� ���

$���%��&� ��� ����

%��&� ��� ���

$*3,2B%� ��� ���

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



7DEOH�������3HU�&KDQQHO�3DUDVLWLF�&DSDFLWDQFH�IRU����3LQ�31�/4)3��FRQWLQXHG�

$'&�&+$11(/
&S��S)�

&203$5$725�',6$%/(' &203$5$725�(1$%/('

$*3,2B%�� ��� ���

7DEOH�������3HU�&KDQQHO�3DUDVLWLF�&DSDFLWDQFH�IRU����3LQ�30�/4)3

$'&�&+$11(/
&S��S)�

&203$5$725�',6$%/(' &203$5$725�(1$%/('

$��%���&���'$&$B287 ��� ����

$��%��'$&%B287 ��� ���

$��%��&� ��� ���

$��%��&��9'$& ���� ����

$��%��&�� � ��

$��%���&� ��� ����

$� ��� ���

$��&� ��� ���

$��%��&�� ��� ����

$��%��&� ��� ����

$���%��&�� ��� ���

$���%���&� � ���

$���&� ��� ����

$���%���&� ��� ���

$���%��&� ��� ����

%��&� ��� ���
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$'&�&+$11(/
&S��S)�

&203$5$725�',6$%/(' &203$5$725�(1$%/('

$��%���&���'$&$B287 ��� ����

$��%��'$&%B287 ��� ���

$��%��&� ��� ���

$��%��&��9'$& ���� ����

$��%��&�� � ��

$��%���&� ��� ����

$��%��&� ��� ����

$��&� ��� ���

$��%��&�� ��� ����

$��%��&� ��� ����

$���%��&�� ��� ���

$���%���&� � ���

$���&� ��� ����

$���%��&� ��� ����
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�����������$'&�7LPLQJ�'LDJUDPV

)LJXUH������VKRZV�WKH�$'&�FRQYHUVLRQ�WLPLQJV�IRU�WZR�62&V�JLYHQ�WKH�IROORZLQJ�DVVXPSWLRQV�
� 62&��DQG�62&��DUH�FRQILJXUHG�WR�XVH�WKH�VDPH�WULJJHU�
� 1R�RWKHU�62&V�DUH�FRQYHUWLQJ�RU�SHQGLQJ�ZKHQ�WKH�WULJJHU�RFFXUV�
� 7KH�URXQG�URELQ�SRLQWHU�LV�LQ�D�VWDWH�WKDW�FDXVHV�62&��WR�FRQYHUW�ILUVW�
� $'&,176(/�LV�FRQILJXUHG�WR�VHW�DQ�$'&,17�IODJ�XSRQ�HQG�RI�FRQYHUVLRQ�IRU�62&���ZKHWKHU�WKLV�IODJ�

SURSDJDWHV�WKURXJK�WR�WKH�&38�WR�FDXVH�DQ�LQWHUUXSW�LV�GHWHUPLQHG�E\�WKH�FRQILJXUDWLRQV�LQ�WKH�3,(�PRGXOH��

7DEOH������OLVWV�WKH�GHVFULSWLRQV�RI�WKH�$'&�WLPLQJ�SDUDPHWHUV��7DEOH������OLVWV�WKH�$'&�WLPLQJV�

SYSCLK

ADCTRIG

ADCSOCFLG.SOC0

ADCSOCFLG.SOC1

ADC S+H

ADCCLK

SOC0

Input on SOC0.CHSEL

Input on SOC1.CHSEL

ADCRESULT0

ADCRESULT1

ADCINTFLG.ADCINTx

SOC1

(old data)

(old data)

Sample n

Sample n+1

Sample n

Sample n+1

tSH tLAT

tEOC

tINT

)LJXUH�������$'&�7LPLQJV

ZZZ�WL�FRP
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7DEOH�������$'&�7LPLQJ�3DUDPHWHUV

3$5$0(7(5 '(6&5,37,21

W6+

7KH�GXUDWLRQ�RI�WKH�6�+�ZLQGRZ�
�
$W�WKH�HQG�RI�WKLV�ZLQGRZ��WKH�YDOXH�RQ�WKH�6�+�FDSDFLWRU�EHFRPHV�WKH�YROWDJH�WR�EH�FRQYHUWHG�LQWR�D�GLJLWDO�
YDOXH��7KH�GXUDWLRQ�LV�JLYHQ�E\��$&436������6<6&/.�F\FOHV��$&436�FDQ�EH�FRQILJXUHG�LQGLYLGXDOO\�IRU�HDFK�
62&��VR�W6+�ZLOO�QRW�QHFHVVDULO\�EH�WKH�VDPH�IRU�GLIIHUHQW�62&V�
�
1RWH��7KH�YDOXH�RQ�WKH�6�+�FDSDFLWRU�ZLOO�EH�FDSWXUHG�DSSUR[LPDWHO\���QV�EHIRUH�WKH�HQG�RI�WKH�6�+�ZLQGRZ�
UHJDUGOHVV�RI�GHYLFH�FORFN�VHWWLQJV�

W/$7

7KH�WLPH�IURP�WKH�HQG�RI�WKH�6�+�ZLQGRZ�XQWLO�WKH�$'&�UHVXOWV�ODWFK�LQ�WKH�$'&5(68/7[�UHJLVWHU�
�
,I�WKH�$'&5(68/7[�UHJLVWHU�LV�UHDG�EHIRUH�WKLV�WLPH��WKH�SUHYLRXV�FRQYHUVLRQ�UHVXOWV�ZLOO�EH�UHWXUQHG�

W(2&
7KH�WLPH�IURP�WKH�HQG�RI�WKH�6�+�ZLQGRZ�XQWLO�WKH�6�+�ZLQGRZ�IRU�WKH�QH[W�$'&�FRQYHUVLRQ�FDQ�EHJLQ��7KH�
VXEVHTXHQW�VDPSOH�FDQ�VWDUW�EHIRUH�WKH�FRQYHUVLRQ�UHVXOWV�DUH�ODWFKHG�

W,17

7KH�WLPH�IURP�WKH�HQG�RI�WKH�6�+�ZLQGRZ�XQWLO�DQ�$'&,17�IODJ�LV�VHW��LI�FRQILJXUHG��
�
,I�WKH�,1738/6(326�ELW�LQ�WKH�$'&&7/��UHJLVWHU�LV�VHW��W,17�ZLOO�FRLQFLGH�ZLWK�WKH�FRQYHUVLRQ�UHVXOWV�EHLQJ�
ODWFKHG�LQWR�WKH�UHVXOW�UHJLVWHU�
�
,I�WKH�,1738/6(326�ELW�LV����W,17�ZLOO�FRLQFLGH�ZLWK�WKH�HQG�RI�WKH�6�+�ZLQGRZ��,I�W,17�WULJJHUV�D�UHDG�RI�WKH�
$'&�UHVXOW�UHJLVWHU��GLUHFWO\�WKURXJK�'0$�RU�LQGLUHFWO\�E\�WULJJHULQJ�DQ�,65�WKDW�UHDGV�WKH�UHVXOW���FDUH�PXVW�EH�
WDNHQ�WR�HQVXUH�WKH�UHDG�RFFXUV�DIWHU�WKH�UHVXOWV�ODWFK��RWKHUZLVH��WKH�SUHYLRXV�UHVXOWV�ZLOO�EH�UHDG��
�
,I�WKH�,1738/6(326�ELW�LV����DQG�WKH�2))6(7�ILHOG�LQ�WKH�$'&,17&<&/(�UHJLVWHU�LV�QRW����WKHQ�WKHUH�ZLOO�EH�
D�GHOD\�RI�2))6(7�6<6&/.�F\FOHV�EHIRUH�WKH�$'&,17�IODJ�LV�VHW��7KLV�GHOD\�FDQ�EH�XVHG�WR�HQWHU�WKH�,65�RU�
WULJJHU�WKH�'0$�DW�H[DFWO\�WKH�WLPH�WKH�VDPSOH�LV�UHDG\�

7DEOH�������$'&�7LPLQJV

$'&&/.�35(6&$/( 6<6&/.�&<&/(6
$'&&/.�

&<&/(6

$'&&7/��
>35(6&$/(@

5$7,2�
$'&&/.�6<6&/.

W(2& W/$7���� W,17�($5/<����� W,17�/$7(� W(2&

� � �� �� � �� ��

� � �� �� � �� ����

� � �� �� � �� ����

� � �� �� � �� ����

� � �� �� � �� ����

�� � �� �� � �� ����

�� � �� �� � �� ����

�� � �� �� � �� ����

��� 5HIHU�WR�WKH��$'&��'0$�5HDG�RI�6WDOH�5HVXOW��DGYLVRU\�LQ�WKH�706���)�����[�5HDO�7LPH�0&8V�6LOLFRQ�(UUDWD�
��� %\�GHIDXOW��W,17�RFFXUV�RQH�6<6&/.�F\FOH�DIWHU�WKH�6�+�ZLQGRZ�LI�,1738/6(326�LV����7KLV�FDQ�EH�FKDQJHG�E\�ZULWLQJ�WR�WKH�2))6(7�

ILHOG�LQ�WKH�$'&,17&<&/(�UHJLVWHU�
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�������7HPSHUDWXUH�6HQVRU

���������7HPSHUDWXUH�6HQVRU�(OHFWULFDO�'DWD�DQG�7LPLQJ

7KH� WHPSHUDWXUH� VHQVRU� FDQ� EH� XVHG� WR� PHDVXUH� WKH� GHYLFH� MXQFWLRQ� WHPSHUDWXUH�� 7KH� WHPSHUDWXUH� VHQVRU�
LV� VDPSOHG� WKURXJK�DQ� LQWHUQDO� FRQQHFWLRQ� WR� WKH�$'&�DQG� WUDQVODWHG� LQWR� D� WHPSHUDWXUH� WKURXJK�7,�SURYLGHG�
VRIWZDUH��:KHQ�VDPSOLQJ�WKH�WHPSHUDWXUH�VHQVRU��WKH�$'&�PXVW�PHHW�WKH�DFTXLVLWLRQ�WLPH�LQ�WKH�7HPSHUDWXUH�
6HQVRU�&KDUDFWHULVWLFV�WDEOH�

�����������7HPSHUDWXUH�6HQVRU�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

7DFF 7HPSHUDWXUH�$FFXUDF\ ([WHUQDO�UHIHUHQFH ��� �&

WVWDUWXS
6WDUW�XS�WLPH�
�7616&7/>(1$%/(@�WR�
VDPSOLQJ�WHPSHUDWXUH�VHQVRU�

��� �V

WDFT $'&�DFTXLVLWLRQ�WLPH ��� QV

ZZZ�WL�FRP
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�������&RPSDUDWRU�6XEV\VWHP��&0366�

7KH�&RPSDUDWRU�6XEV\VWHP��&0366��FRQVLVWV�RI�DQDORJ�FRPSDUDWRUV�DQG�VXSSRUWLQJ�FLUFXLWV�WKDW�DUH�XVHIXO�IRU�
SRZHU�DSSOLFDWLRQV�VXFK�DV�SHDN�FXUUHQW�PRGH�FRQWURO��VZLWFKHG�PRGH�SRZHU��SRZHU�IDFWRU�FRUUHFWLRQ��YROWDJH�
WULS�PRQLWRULQJ��DQG�VR�IRUWK�

7KH�FRPSDUDWRU�VXEV\VWHP� LV�EXLOW�DURXQG�D�QXPEHU�RI�PRGXOHV��(DFK�VXEV\VWHP�FRQWDLQV� WZR�FRPSDUDWRUV��
WZR� UHIHUHQFH� ���ELW� '$&V�� DQG� WZR� GLJLWDO� ILOWHUV�� 7KH� VXEV\VWHP� DOVR� LQFOXGHV� RQH� UDPS� JHQHUDWRU��
&RPSDUDWRUV�DUH�GHQRWHG��+��RU��/��ZLWKLQ�HDFK�PRGXOH�ZKHUH�³+´�DQG�³/´�UHSUHVHQW�KLJK�DQG�ORZ��UHVSHFWLYHO\��
(DFK�FRPSDUDWRU�JHQHUDWHV�D�GLJLWDO�RXWSXW�ZKLFK�LQGLFDWHV�ZKHWKHU�WKH�YROWDJH�RQ�WKH�SRVLWLYH�LQSXW�LV�JUHDWHU�
WKDQ� WKH� YROWDJH� RQ� WKH� QHJDWLYH� LQSXW�� 7KH� SRVLWLYH� LQSXW� RI� WKH� FRPSDUDWRU� LV� GULYHQ� IURP� DQ� H[WHUQDO� SLQ�
�VHH� WKH�$QDORJ�6XEV\VWHP� FKDSWHU� RI� WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV� 7HFKQLFDO�5HIHUHQFH�
0DQXDO� IRU�PX[� RSWLRQV� DYDLODEOH� WR� WKH�&0366�� 7KH� QHJDWLYH� LQSXW� FDQ� EH� GULYHQ� E\� DQ� H[WHUQDO� SLQ� RU� E\�
WKH�SURJUDPPDEOH�UHIHUHQFH����ELW�'$&��(DFK�FRPSDUDWRU�RXWSXW�SDVVHV�WKURXJK�D�SURJUDPPDEOH�GLJLWDO�ILOWHU�
WKDW� FDQ� UHPRYH�VSXULRXV� WULS� VLJQDOV��$Q�XQILOWHUHG�RXWSXW� LV�DOVR�DYDLODEOH� LI� ILOWHULQJ� LV�QRW� UHTXLUHG��$� UDPS�
JHQHUDWRU�FLUFXLW�LV�RSWLRQDOO\�DYDLODEOH�WR�FRQWURO�WKH�UHIHUHQFH����ELW�'$&�YDOXH�IRU�WKH�KLJK�FRPSDUDWRU�LQ�WKH�
VXEV\VWHP�

(DFK�&0366�LQFOXGHV�

� 7ZR�DQDORJ�FRPSDUDWRUV
� 7ZR�SURJUDPPDEOH�UHIHUHQFH����ELW�'$&V
� 2QH�UDPS�JHQHUDWRU
� $ELOLW\�WR�V\QFKURQL]H�VXEPRGXOHV�ZLWK�(3:06<1&3(5
� $ELOLW\�WR�H[WHQG�FOHDU�VLJQDO�ZLWK�(3:0%/$1.
� $ELOLW\�WR�V\QFKURQL]H�RXWSXW�ZLWK�6<6&/.
� $ELOLW\�WR�ODWFK�RXWSXW
� $ELOLW\�WR�LQYHUW�RXWSXW
� 2SWLRQ�WR�XVH�K\VWHUHVLV�RQ�WKH�LQSXW
� 2SWLRQ�IRU�QHJDWLYH�LQSXW�RI�FRPSDUDWRU�WR�EH�GULYHQ�E\�DQ�H[WHUQDO�VLJQDO�RU�E\�WKH�UHIHUHQFH�'$&
� 2SWLRQ�WR�FKRRVH�EHWZHHQ�9''$�RU�9'$&�WR�EH�WKH�'$&�UHIHUHQFH�YROWDJH
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���������&0366�&RQQHFWLYLW\�'LDJUDP

CMP2_HP

CTRIP2L

CTRIPOUT2L

Comparator Subsystem  2

VDDA or VDAC

Digital  

Filter

Digital  

Filter

DAC12

DAC12

CMP2_HN

CMP2_LN
CMP2_LP

CTRIP2H

CTRIPOUT2H

CMP1_HP

CTRIP1L

CTRIPOUT1L

Comparator Subsystem  1

VDDA or VDAC

Digital  

Filter

Digital  

Filter

DAC12

DAC12

CMP1_HN

CMP1_LN
CMP1_LP

CTRIP1H

CTRIPOUT1H

CMP4_HP

CTRIP4L

CTRIPOUT4L

Comparator Subsystem  4

VDDA or VDAC

Digital  

Filter

Digital  

Filter

DAC12

DAC12

CMP4_HN

CMP4_LN
CMP4_LP

CTRIP4H

CTRIPOUT4H

ePWM X- BAR ePWMs

CTRIP1H

CTRIP1L

CTRIP2H

CTRIP2L

CTRIP4H

CTRIP4L

Output X- BAR GPIO Mux

CTRIPOUT1H

CTRIPOUT1L

CTRIPOUT2H

CTRIPOUT2L

CTRIPOUT4H

CTRIPOUT4L

)LJXUH�������&0366�&RQQHFWLYLW\

���������%ORFN�'LDJUDP

7KH�EORFN�GLDJUDP�IRU�WKH�&0366�LV�VKRZQ�LQ�)LJXUH������

� &75,3[�[ ��+��RU��/���VLJQDOV�DUH�FRQQHFWHG�WR�WKH�H3:0�;�%$5�IRU�H3:0�WULS�UHVSRQVH��6HH�WKH�
(QKDQFHG�3XOVH�:LGWK�0RGXODWRU��H3:0��FKDSWHU�RI�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�IRU�PRUH�GHWDLOV�RQ�WKH�H3:0�;�%$5�PX[�FRQILJXUDWLRQ�

� &75,3[287[�[ ��+��RU��/���VLJQDOV�DUH�FRQQHFWHG�WR�WKH�2XWSXW�;�%$5�IRU�H[WHUQDO�VLJQDOLQJ��6HH�WKH�
*HQHUDO�3XUSRVH�,QSXW�2XWSXW��*3,2��FKDSWHU�RI�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�
5HIHUHQFH�0DQXDO�IRU�PRUH�GHWDLOV�RQ�WKH�2XWSXW�;�%$5�PX[�FRQILJXUDWLRQ�

ZZZ�WL�FRP
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���������&0366�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������&RPSDUDWRU�(OHFWULFDO�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

738 3RZHU�XS�WLPH ��� �V

&RPSDUDWRU�LQSXW��&03,1[[��UDQJH � 9''$ 9

,QSXW�UHIHUUHG�RIIVHW�HUURU
/RZ�FRPPRQ�PRGH��LQYHUWLQJ�
LQSXW�VHW�WR���P9

±�� �� P9

+\VWHUHVLV���

�[ � �� ��

/6%
�[ �� �� ��

�[ �� �� ��

�[ �� �� ��

5HVSRQVH�WLPH��GHOD\�IURP�&03,1[�LQSXW�SLQ�
FKDQJH�WR�*3,2�RXWSXW�SLQ�WKURXJK�HLWKHU�H3:0�
;�%$5�RU�2XWSXW�;�%$5�

6WHS�UHVSRQVH �� ��
QV

5DPS�UHVSRQVH������9��V� ��

5DPS�UHVSRQVH������P9��V� �� QV

3655 3RZHU�6XSSO\�5HMHFWLRQ�5DWLR 8S�WR�����N+] �� G%

&055 &RPPRQ�0RGH�5HMHFWLRQ�5DWLR �� G%

��� 7KH�&0366�'$&�LV�XVHG�DV�WKH�UHIHUHQFH�WR�GHWHUPLQH�KRZ�PXFK�K\VWHUHVLV�WR�DSSO\���7KHUHIRUH��K\VWHUHVLV�ZLOO�VFDOH�ZLWK�WKH�
&0366�'$&�UHIHUHQFH�YROWDJH���+\VWHUHVLV�LV�DYDLODEOH�IRU�DOO�FRPSDUDWRU�LQSXW�VRXUFH�FRQILJXUDWLRQV�

&0366�&RPSDUDWRU�,QSXW�5HIHUUHG�2IIVHW�DQG�+\VWHUHVLV

1RWH

7KH�&0366� LQSXWV�PXVW� EH� NHSW� EHORZ�9''$� �� ���� 9� WR� HQVXUH� SURSHU� IXQFWLRQDO� RSHUDWLRQ�� ,I� D�
&0366� LQSXW� H[FHHGV� WKLV� OHYHO�� DQ� LQWHUQDO� EORFNLQJ� FLUFXLW� LVRODWHV� WKH� LQWHUQDO� FRPSDUDWRU� IURP�
WKH� H[WHUQDO� SLQ� XQWLO� WKH� H[WHUQDO� SLQ� YROWDJH� UHWXUQV� EHORZ� 9''$� �� ���� 9�� 'XULQJ� WKLV� WLPH�� WKH�
LQWHUQDO� FRPSDUDWRU� LQSXW� LV� IORDWLQJ�DQG� FDQ�GHFD\�EHORZ�9''$�ZLWKLQ� DSSUR[LPDWHO\� �����V��$IWHU�
WKLV�WLPH��WKH�FRPSDUDWRU�FRXOG�EHJLQ�WR�RXWSXW�DQ�LQFRUUHFW�UHVXOW�GHSHQGLQJ�RQ�WKH�YDOXH�RI�WKH�RWKHU�
FRPSDUDWRU�LQSXW�

CTRIPx = 0

0 CMPINxN or 

DACxVAL

CTRIPx = 1

Input Referred Offset

COMPINxP

Voltage

CTRIPx

Logic Level

)LJXUH�������&0366�&RPSDUDWRU�,QSXW�5HIHUUHG�2IIVHW

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



CTRIPx = 0

0 CMPINxN or 

DACxVAL

CTRIPx = 1

Hysteresis

COMPINxP

Voltage

CTRIPx

Logic Level

)LJXUH�������&0366�&RPSDUDWRU�+\VWHUHVLV

�����������&0366�'$&�6WDWLF�(OHFWULFDO�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

&0366�'$&�RXWSXW�UDQJH
,QWHUQDO�UHIHUHQFH � 9''$

9
([WHUQDO�UHIHUHQFH � 9'$&���

6WDWLF�RIIVHW�HUURU��� ±�� �� P9

6WDWLF�JDLQ�HUURU��� ±� � ��RI�)65

6WDWLF�'1/ (QGSRLQW�FRUUHFWHG !±� � /6%

6WDWLF�,1/ (QGSRLQW�FRUUHFWHG ±�� �� /6%

6HWWOLQJ�WLPH 6HWWOLQJ�WR��/6%�DIWHU�IXOO�VFDOH�RXWSXW�FKDQJH � �V

5HVROXWLRQ �� ELWV

&0366�'$&�RXWSXW�GLVWXUEDQFH���
(UURU�LQGXFHG�E\�FRPSDUDWRU�WULS�RU�&0366�
'$&�FRGH�FKDQJH�ZLWKLQ�WKH�VDPH�&0366�
PRGXOH

±��� ��� /6%

&0366�'$&�GLVWXUEDQFH�WLPH��� ��� QV

9'$&�UHIHUHQFH�YROWDJH :KHQ�9'$&�LV�UHIHUHQFH ��� ����RU���� 9''$ 9

9'$&�ORDG��� :KHQ�9'$&�LV�UHIHUHQFH � � �� N


��� ,QFOXGHV�FRPSDUDWRU�LQSXW�UHIHUUHG�HUURUV�
��� 'LVWXUEDQFH�HUURU�PD\�EH�SUHVHQW�RQ�WKH�&0366�'$&�RXWSXW�IRU�D�FHUWDLQ�DPRXQW�RI�WLPH�DIWHU�D�FRPSDUDWRU�WULS�
��� 3HU�DFWLYH�&0366�PRGXOH�
��� 7KH�PD[LPXP�RXWSXW�YROWDJH�LV�9''$�ZKHQ�9'$&�!�9''$�

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



�����������&0366�,OOXVWUDWLYH�*UDSKV

Offset Error

)LJXUH�������&0366�'$&�6WDWLF�2IIVHW

Actual Linear Range

Ideal Gain

Actual Gain

)LJXUH�������&0366�'$&�6WDWLF�*DLQ

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



Linearity Error

)LJXUH�������&0366�'$&�6WDWLF�/LQHDULW\

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
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�������%XIIHUHG�'LJLWDO�WR�$QDORJ�&RQYHUWHU��'$&�

7KH� EXIIHUHG�'$&�PRGXOH� FRQVLVWV� RI� DQ� LQWHUQDO� ���ELW� '$&� DQG� DQ� DQDORJ� RXWSXW� EXIIHU� WKDW� FDQ� GULYH� DQ�
H[WHUQDO� ORDG�� )RU� GULYLQJ� HYHQ� KLJKHU� ORDGV� WKDQ� W\SLFDO�� D� WUDGH�RII� FDQ� EH� PDGH� EHWZHHQ� ORDG� VL]H� DQG�
RXWSXW�YROWDJH�VZLQJ��)RU� WKH� ORDG�FRQGLWLRQV�RI� WKH�EXIIHUHG�'$&��VHH� WKH�%XIIHUHG�'$&�(OHFWULFDO�'DWD�DQG�
7LPLQJ�VHFWLRQ��7KH�EXIIHUHG�'$&�LV�D�JHQHUDO�SXUSRVH�'$&�WKDW�FDQ�EH�XVHG�WR�JHQHUDWH�D�'&�YROWDJH�RU�$&�
ZDYHIRUPV�VXFK�DV�VLQH�ZDYHV��VTXDUH�ZDYHV�� WULDQJOH�ZDYHV�DQG�VR�IRUWK��6RIWZDUH�ZULWHV�WR�WKH�'$&�YDOXH�
UHJLVWHU�FDQ�WDNH�HIIHFW�LPPHGLDWHO\�RU�FDQ�EH�V\QFKURQL]HG�ZLWK�(3:06<1&2�HYHQWV�

(DFK�EXIIHUHG�'$&�KDV�WKH�IROORZLQJ�IHDWXUHV�
� ���ELW�UHVROXWLRQ
� 6HOHFWDEOH�UHIHUHQFH�YROWDJH�VRXUFH
� [��DQG�[��JDLQ�PRGHV�ZKHQ�XVLQJ�LQWHUQDO�95()+,
� $ELOLW\�WR�V\QFKURQL]H�ZLWK�(3:06<1&3(5

EPWM1SYNCPER

VREFHI

VDDA

VSSA

DACCTL[MODE]

(Select x1 or x2 gain)

VDAC

DACCTL[DACREFSEL]

DACCTL[LOADMODE]
SYSCLK

DACCTL[SYNCSEL]

EPWM2SYNCPER

EPWM3SYNCPER

EPWMnSYNCPER

...

D Q

>

D Q

>

D QD Q

DACVALS

DACVALA Amp

(x1 or x2)

Amp

(x1 or x2)

12-bit

  DAC

VSSA

DACOUT

DACREF

Internal Reference 

Circuit

ANAREFx2P5

ANAREFxSEL

0

1

EN

1.65 V

2.5 V

0

1

0

1

0

1

0

1

2

n-1

...

)LJXUH�������'$&�0RGXOH�%ORFN�'LDJUDP

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



���������%XIIHUHG�'$&�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������%XIIHUHG�'$&�2SHUDWLQJ�&RQGLWLRQV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG����

3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

5/ 5HVLVWLYH�/RDG��� � N


&/ &DSDFLWLYH�/RDG ��� S)

9287 9DOLG�2XWSXW�9ROWDJH�5DQJH���
5/� ���N
 ��� 9''$�±���� 9

5/� ���N
 ��� 9''$�±���� 9

5HIHUHQFH�9ROWDJH��� 9'$&�RU�95()+, ��� ����RU���� 9''$ 9

��� 7\SLFDO�YDOXHV�DUH�PHDVXUHG�ZLWK�95()+,� �����9�DQG�95()/2� ���9��XQOHVV�RWKHUZLVH�QRWHG��0LQLPXP�DQG�PD[LPXP�YDOXHV�DUH�
WHVWHG�RU�FKDUDFWHUL]HG�ZLWK�95()+,� �����9�DQG�95()/2� ���9�

��� '$&�FDQ�GULYH�D�PLQLPXP�UHVLVWLYH�ORDG�RI���N
��EXW�WKH�RXWSXW�UDQJH�ZLOO�EH�OLPLWHG�
��� 7KLV�LV�WKH�OLQHDU�RXWSXW�UDQJH�RI�WKH�'$&��7KH�'$&�FDQ�JHQHUDWH�YROWDJHV�RXWVLGH�WKLV�UDQJH��EXW�WKH�RXWSXW�YROWDJH�ZLOO�QRW�EH�OLQHDU�

GXH�WR�WKH�EXIIHU�
��� )RU�EHVW�3655�SHUIRUPDQFH��9'$&�RU�95()+,�VKRXOG�EH�OHVV�WKDQ�9''$�

�����������%XIIHUHG�'$&�(OHFWULFDO�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG����

3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

*HQHUDO

5HVROXWLRQ �� ELWV

/RDG�5HJXODWLRQ � ±� � P9�9

*OLWFK�(QHUJ\ ��� 9�QV

9ROWDJH�2XWSXW�6HWWOLQJ�7LPH�)XOO�6FDOH
6HWWOLQJ�WR���/6%V�DIWHU����9�
WR��9�WUDQVLWLRQ

� �V

9ROWDJH�2XWSXW�6HWWOLQJ�7LPH����WK�)XOO�6FDOH
6HWWOLQJ�WR���/6%V�DIWHU����9�
WR�����9�WUDQVLWLRQ

��� �V

9ROWDJH�2XWSXW�6OHZ�5DWH
6OHZ�UDWH�IURP����9�WR��9�
WUDQVLWLRQ

��� ��� 9��V

/RDG�7UDQVLHQW�6HWWOLQJ�7LPH
��N
�/RDG ��� QV

��N
�/RDG ��� QV

5HIHUHQFH�,QSXW�5HVLVWDQFH��� 9'$&�RU�95()+, ��� ��� ��� N


738 3RZHU�8S�7LPH
([WHUQDO�5HIHUHQFH�PRGH ��� �V

,QWHUQDO�5HIHUHQFH�PRGH ���� �V

'&�&KDUDFWHULVWLFV

2IIVHW 2IIVHW�(UURU 0LGSRLQW ±�� �� P9

*DLQ *DLQ�(UURU��� ±��� ��� ��RI�)65

'1/ 'LIIHUHQWLDO�1RQ�/LQHDULW\��� (QGSRLQW�FRUUHFWHG ±� ���� � /6%

,1/ ,QWHJUDO�1RQ�/LQHDULW\ (QGSRLQW�FRUUHFWHG ±� �� � /6%

$&�&KDUDFWHULVWLFV

2XWSXW�1RLVH

,QWHJUDWHG�QRLVH�IURP�����+]�
WR�����N+]

��� �9UPV

1RLVH�GHQVLW\�DW����N+] ��� Q9UPV�¥+]

615 6LJQDO�WR�1RLVH�5DWLR ��N+]������.636 �� G%

7+' 7RWDO�+DUPRQLF�'LVWRUWLRQ ��N+]������.636 ±���� G%

6)'5
6SXULRXV�)UHH�'\QDPLF�
5DQJH

��N+]������.636 �� G%

6,1$'
6LJQDO�WR�1RLVH�DQG�'LVWRUWLRQ�
5DWLR

��N+]������.636 ���� G%

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+����� ZZZ�WL�FRP

��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG
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�����������%XIIHUHG�'$&�(OHFWULFDO�&KDUDFWHULVWLFV��FRQWLQXHG�

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG����

3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

3655
3RZHU�6XSSO\�5HMHFWLRQ�
5DWLR���

'& �� G%

����N+] �� G%

��� 7\SLFDO�YDOXHV�DUH�PHDVXUHG�ZLWK�95()+,� �����9�DQG�95()/2� ���9��XQOHVV�RWKHUZLVH�QRWHG��0LQLPXP�DQG�PD[LPXP�YDOXHV�DUH�
WHVWHG�RU�FKDUDFWHUL]HG�ZLWK�95()+,� �����9�DQG�95()/2� ���9�

��� 3HU�DFWLYH�%XIIHUHG�'$&�PRGXOH�
��� *DLQ�HUURU�LV�FDOFXODWHG�IRU�OLQHDU�RXWSXW�UDQJH�
��� 7KH�'$&�RXWSXW�LV�PRQRWRQLF�
��� 95()+,� �����9��9''$� �����9�'&�������P9�6LQH�

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���
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�����&RQWURO�3HULSKHUDOV

�������(QKDQFHG�3XOVH�:LGWK�0RGXODWRU��H3:0�

7KH� H3:0� SHULSKHUDO� LV� D� NH\� HOHPHQW� LQ� FRQWUROOLQJ� PDQ\� RI� WKH� SRZHU� HOHFWURQLF� V\VWHPV� IRXQG� LQ� ERWK�
FRPPHUFLDO� DQG� LQGXVWULDO� HTXLSPHQW�� 7KH� H3:0� W\SH��� PRGXOH� LV� DEOH� WR� JHQHUDWH� FRPSOH[� SXOVH� ZLGWK�
ZDYHIRUPV� ZLWK� PLQLPDO� &38� RYHUKHDG� E\� EXLOGLQJ� WKH� SHULSKHUDO� XS� IURP� VPDOOHU� PRGXOHV� ZLWK� VHSDUDWH�
UHVRXUFHV� WKDW� FDQ� RSHUDWH� WRJHWKHU� WR� IRUP� D� V\VWHP�� 6RPH� RI� WKH� KLJKOLJKWV� RI� WKH� H3:0� W\SH��� PRGXOH�
LQFOXGH� FRPSOH[� ZDYHIRUP� JHQHUDWLRQ�� GHDG�EDQG� JHQHUDWLRQ�� D� IOH[LEOH� V\QFKURQL]DWLRQ� VFKHPH�� DGYDQFHG�
WULS�]RQH�IXQFWLRQDOLW\��DQG�JOREDO�UHJLVWHU�UHORDG�FDSDELOLWLHV�

7KH�H3:0�DQG�H&$3�V\QFKURQL]DWLRQ�VFKHPH�RQ� WKH�GHYLFH�SURYLGHV� IOH[LELOLW\� LQ�SDUWLWLRQLQJ� WKH�H3:0�DQG�
H&$3�PRGXOHV�DQG�DOORZV�ORFDOL]HG�V\QFKURQL]DWLRQ�ZLWKLQ�WKH�PRGXOHV�

)LJXUH������VKRZV�WKH�H3:0�PRGXOH��)LJXUH������VKRZV�WKH�H3:0�WULS�LQSXW�FRQQHFWLYLW\�
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DCBEVT1/sync
(A)

EPWMxSYNCI

TBCTL[SWFSYNC]

ePWM 

SYNC

Scheme

EXTSYNCIN EXTSYNCOUT

CMPC Active (16)

CMPC Shadow (16)

CMPD Active (16)

CMPD Shadow (16)

CMPB Active (16)

CMPB Shadow (16)

CMPA Active (24)

CMPA Shadow (24)

CTR=CMPA

CMPAHR (8)

CTR=CMPC

CTR=CMPD

Action

Qualifier

(AQ)

Dead

Band

(DB)

EPWMA

EPWMB

PWM

Chopper

(DB)

Trip

Zone

(TZ)

Time-Base (TB)

TBPHS Active (24)

TBCTR

Active (16)

Counter

Up/Down

(16 bit)

TBPRD Active (24)

TBPRD Shadow (24)

CTR=PRD

TBCTL[PHSEN]

CTR=ZERO

CTR_Dir

Phase

Control

TBPHSHR (8)

816
Event

Trigger

And

Interrupt

(ET)

CTR=PRD

CTR=ZERO

CTR=PRD or ZERO

CTR=CMPA

CTR=CMPB

CTR=CMPC

CTR_Dir

CTR=CMPD

DCAEVT1.soc
(A)

DCBEVT1.soc
(A)

EPWMx_INT

On-chip

ADC

EPWMxSOCA

EPWMxSOCB

Select and pulse stretch

for external ADC

ADCSOCOUTSELECT

ADCSOCAO

ADCSOCBO
ePWMxA

ePWMxB

CTR=ZERO

DCAEVT1.inter

DCBEVT1.inter

DCAEVT2.inter

DCBEVT2.inter

EPWMx_TZ_INT

TZ1 to TZ3

EMUSTOP

CLOCKFAIL

EQEPxERR

DCAEVT1.force
(A)

DCBEVT1.force
(A)

DCAEVT2.force
(A)

DCBEVT2.force
(A)

Counter Compare (CC)

HiRes PWM (HRPWM)
CMPAHR (8)

CMPBHR (8)

CTR=CMPB

CMPBHR (8)

16

16

TBCNT (16)

TBCNT (16)

CMPC[15-0] 16

CMPD[15-0] 16

TBPRDHR (8)

DCAEVT1/sync
(A)

$� 7KHVH�HYHQWV�DUH�JHQHUDWHG�E\�WKH�H3:0�GLJLWDO�FRPSDUH��'&��VXEPRGXOH�EDVHG�RQ�WKH�OHYHOV�RI�WKH�75,3,1�LQSXWV�

)LJXUH�������H3:0�6XEPRGXOHV�DQG�&ULWLFDO�,QWHUQDO�6LJQDO�,QWHUFRQQHFWV

ZZZ�WL�FRP
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��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG
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���������H3:0�(OHFWULFDO�'DWD�DQG�7LPLQJ

)RU�DQ�H[SODQDWLRQ�RI�WKH�LQSXW�TXDOLILHU�SDUDPHWHUV��VHH�WKH�*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV�WDEOH�

�����������H3:0�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�6<1&,1� 6\QF�LQSXW�SXOVH�ZLGWK

$V\QFKURQRXV �WF�(3:0&/.�

F\FOHV6\QFKURQRXV �WF�(3:0&/.�

:LWK�LQSXW�TXDOLILHU �WF�(3:0&/.����WZ�,46:�

�����������H3:0�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5��� 0,1 0$; 81,7

WZ�3:0� 3XOVH�GXUDWLRQ��3:0[�RXWSXW�KLJK�ORZ �� QV

WZ�6<1&287� 6\QF�RXWSXW�SXOVH�ZLGWK �WF�6<6&/.� F\FOHV

WG�7=�3:0�

'HOD\�WLPH��WULS�LQSXW�DFWLYH�WR�3:0�IRUFHG�KLJK
'HOD\�WLPH��WULS�LQSXW�DFWLYH�WR�3:0�IRUFHG�ORZ
'HOD\�WLPH��WULS�LQSXW�DFWLYH�WR�3:0�+L�=

�� QV

��� ���S)�ORDG�RQ�SLQ�

�����������7ULS�=RQH�,QSXW�7LPLQJ

)RU�DQ�H[SODQDWLRQ�RI�WKH�LQSXW�TXDOLILHU�SDUDPHWHUV��VHH�WKH�*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV�WDEOH�

�������������7ULS�=RQH�,QSXW�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�7=� 3XOVH�GXUDWLRQ��7=[�LQSXW�ORZ

$V\QFKURQRXV �WF�(3:0&/.� F\FOHV

6\QFKURQRXV �WF�(3:0&/.� F\FOHV

:LWK�LQSXW�TXDOLILHU �WF�(3:0&/.����WZ�,46:� F\FOHV

�������������3:0�+L�=�&KDUDFWHULVWLFV�7LPLQJ�'LDJUDP

PWM
(B)

TZ
(A)

EPWMCLK

tw(TZ)

td(TZ-PWM)

$� 7=��7=���7=���7=���75,3�±75,3��

%� 3:0�UHIHUV�WR�DOO�WKH�3:0�SLQV�LQ�WKH�GHYLFH��7KH�VWDWH�RI�WKH�3:0�SLQV�DIWHU�7=�LV�WDNHQ�KLJK�GHSHQGV�RQ�WKH�3:0�UHFRYHU\�

VRIWZDUH�

)LJXUH�������3:0�+L�=�&KDUDFWHULVWLFV

ZZZ�WL�FRP
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�������+LJK�5HVROXWLRQ�3XOVH�:LGWK�0RGXODWRU��+53:0�

7KH�+53:0�FRPELQHV�PXOWLSOH�GHOD\� OLQHV� LQ�D�VLQJOH�PRGXOH�DQG�D�VLPSOLILHG�FDOLEUDWLRQ�V\VWHP�E\�XVLQJ�D�
GHGLFDWHG�FDOLEUDWLRQ�GHOD\�OLQH��)RU�HDFK�H3:0�PRGXOH��WKHUH�DUH�WZR�+5�RXWSXWV�
� +5�'XW\�DQG�'HDGEDQG�FRQWURO�RQ�&KDQQHO�$
� +5�'XW\�DQG�'HDGEDQG�FRQWURO�RQ�&KDQQHO�%

7KH� +53:0� PRGXOH� RIIHUV� 3:0� UHVROXWLRQ� �WLPH� JUDQXODULW\�� WKDW� LV� VLJQLILFDQWO\� EHWWHU� WKDQ� ZKDW� FDQ� EH�
DFKLHYHG�XVLQJ�FRQYHQWLRQDOO\�GHULYHG�GLJLWDO�3:0�PHWKRGV��7KH�NH\�SRLQWV�IRU�WKH�+53:0�PRGXOH�DUH�
� 6LJQLILFDQWO\�H[WHQGV�WKH�WLPH�UHVROXWLRQ�FDSDELOLWLHV�RI�FRQYHQWLRQDOO\�GHULYHG�GLJLWDO�3:0
� 7KLV�FDSDELOLW\�FDQ�EH�XVHG�LQ�ERWK�VLQJOH�HGJH��GXW\�F\FOH�DQG�SKDVH�VKLIW�FRQWURO��DV�ZHOO�DV�GXDO�HGJH�

FRQWURO�IRU�IUHTXHQF\�SHULRG�PRGXODWLRQ�
� )LQHU�WLPH�JUDQXODULW\�FRQWURO�RU�HGJH�SRVLWLRQLQJ�LV�FRQWUROOHG�WKURXJK�H[WHQVLRQV�WR�WKH�&RPSDUH�$��%��

SKDVH��SHULRG�DQG�GHDGEDQG�UHJLVWHUV�RI�WKH�H3:0�PRGXOH�

���������+53:0�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������+LJK�5HVROXWLRQ�3:0�&KDUDFWHULVWLFV

3$5$0(7(5 0,1 7<3 0$; 81,7

0LFUR�(GJH�3RVLWLRQLQJ��0(3��VWHS�VL]H��� ��� ��� SV

��� 7KH�0(3�VWHS�VL]H�ZLOO�EH�ODUJHVW�DW�KLJK�WHPSHUDWXUH�DQG�PLQLPXP�YROWDJH�RQ�9''��0(3�VWHS�VL]H�ZLOO�LQFUHDVH�ZLWK�KLJKHU�
WHPSHUDWXUH�DQG�ORZHU�YROWDJH�DQG�GHFUHDVH�ZLWK�ORZHU�WHPSHUDWXUH�DQG�KLJKHU�YROWDJH�
$SSOLFDWLRQV�WKDW�XVH�WKH�+53:0�IHDWXUH�VKRXOG�XVH�0(3�6FDOH�)DFWRU�2SWLPL]HU��6)2��HVWLPDWLRQ�VRIWZDUH�IXQFWLRQV��6HH�WKH�7,�
VRIWZDUH�OLEUDULHV�IRU�GHWDLOV�RI�XVLQJ�6)2�IXQFWLRQV�LQ�HQG�DSSOLFDWLRQV��6)2�IXQFWLRQV�KHOS�WR�HVWLPDWH�WKH�QXPEHU�RI�0(3�VWHSV�SHU�
6<6&/.�SHULRG�G\QDPLFDOO\�ZKLOH�WKH�+53:0�LV�LQ�RSHUDWLRQ�

�������([WHUQDO�$'&�6WDUW�RI�&RQYHUVLRQ�(OHFWULFDO�'DWD�DQG�7LPLQJ

���������([WHUQDO�$'&�6WDUW�RI�&RQYHUVLRQ�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

WZ�$'&62&/� 3XOVH�GXUDWLRQ��$'&62&[2�ORZ ��WF�6<6&/.� F\FOHV

���������$'&62&$2�RU�$'&62&%2�7LPLQJ�'LDJUDP

ADCSOCAO
or

ADCSOCBO

tw(ADCSOCL)

)LJXUH�������$'&62&$2�RU�$'&62&%2�7LPLQJ
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�������(QKDQFHG�&DSWXUH��H&$3�

7KH�H&$3�PRGXOH�FDQ�EH�XVHG�LQ�V\VWHPV�ZKHUH�DFFXUDWH�WLPLQJ�RI�H[WHUQDO�HYHQWV�LV�LPSRUWDQW��H&$3�+5&$3�
RQ�WKLV�GHYLFH�LV�7\SH���

$SSOLFDWLRQV�IRU�H&$3�LQFOXGH�
� 6SHHG�PHDVXUHPHQWV�RI�URWDWLQJ�PDFKLQHU\��IRU�H[DPSOH��WRRWKHG�VSURFNHWV�VHQVHG�WKURXJK�+DOO�VHQVRUV�
� (ODSVHG�WLPH�PHDVXUHPHQWV�EHWZHHQ�SRVLWLRQ�VHQVRU�SXOVHV
� 3HULRG�DQG�GXW\�F\FOH�PHDVXUHPHQWV�RI�SXOVH�WUDLQ�VLJQDOV
� 'HFRGLQJ�FXUUHQW�RU�YROWDJH�DPSOLWXGH�GHULYHG�IURP�GXW\�F\FOH�HQFRGHG�FXUUHQW�YROWDJH�VHQVRUV

7KH�H&$3�PRGXOH�LQFOXGHV�WKH�IROORZLQJ�IHDWXUHV�
� ��HYHQW�WLPH�VWDPS�UHJLVWHUV��HDFK����ELWV�
� (GJH�SRODULW\�VHOHFWLRQ�IRU�XS�WR�IRXU�VHTXHQFHG�WLPH�VWDPS�FDSWXUH�HYHQWV
� ,QWHUUXSW�RQ�HLWKHU�RI�WKH�IRXU�HYHQWV
� 6LQJOH�VKRW�FDSWXUH�RI�XS�WR�IRXU�HYHQW�WLPHVWDPSV
� &RQWLQXRXV�PRGH�FDSWXUH�RI�WLPHVWDPSV�LQ�D�IRXU�GHHS�FLUFXODU�EXIIHU
� $EVROXWH�WLPH�VWDPS�FDSWXUH
� 'LIIHUHQFH��'HOWD��PRGH�WLPH�VWDPS�FDSWXUH
� $OO�RI�WKH�DERYH�UHVRXUFHV�GHGLFDWHG�WR�D�VLQJOH�LQSXW�SLQ
� :KHQ�QRW�XVHG�LQ�FDSWXUH�PRGH��WKH�H&$3�PRGXOH�FDQ�EH�FRQILJXUHG�DV�D�VLQJOH�FKDQQHO�3:0�RXWSXW�

�$3:0��

7KH� FDSWXUH� IXQFWLRQDOLW\� RI� WKH� 7\SH��� H&$3� LV� HQKDQFHG� IURP� WKH� 7\SH��� H&$3� ZLWK� WKH� IROORZLQJ� DGGHG�
IHDWXUHV�

� (YHQW�ILOWHU�UHVHW�ELW
± :ULWLQJ�D���WR�(&&7/�>&75),/75(6(7@�ZLOO�FOHDU�WKH�HYHQW�ILOWHU��WKH�PRGXOR�FRXQWHU��DQG�DQ\�SHQGLQJ�

LQWHUUXSWV�IODJV��5HVHWWLQJ�WKH�ELW�LV�XVHIXO�IRU�LQLWLDOL]DWLRQ�DQG�GHEXJ�
� 0RGXOR�FRXQWHU�VWDWXV�ELWV

± 7KH�PRGXOR�FRXQWHU��(&&7/��>02'&75676@��LQGLFDWHV�ZKLFK�FDSWXUH�UHJLVWHU�ZLOO�EH�ORDGHG�QH[W��,Q�WKH�
7\SH���H&$3��LW�ZDV�QRW�SRVVLEOH�WR�NQRZ�FXUUHQW�VWDWH�RI�PRGXOR�FRXQWHU�

� '0$�WULJJHU�VRXUFH
± H&$3['0$�LV�DGGHG�DV�D�'0$�WULJJHU��&(97>�±�@�FDQ�EH�FRQILJXUHG�DV�WKH�VRXUFH�IRU�H&$3['0$�

� ,QSXW�PXOWLSOH[HU
± (&&7/��>,13876(/@�VHOHFWV�RQH�RI�����LQSXW�VLJQDOV�

� ($//2:�SURWHFWLRQ
± ($//2:�SURWHFWLRQ�LV�DGGHG�WR�FULWLFDO�UHJLVWHUV��7R�PDLQWDLQ�VRIWZDUH�FRPSDWLELOLW\�ZLWK�WKH�7\SH���H&$3��

FRQILJXUH�'(9B&)*B5(*6�(&$37<3(�WR�PDNH�WKHVH�UHJLVWHUV�XQSURWHFWHG�

7KH� FDSWXUH� IXQFWLRQDOLW\� RI� WKH� 7\SH��� H&$3� LV� HQKDQFHG� IURP� WKH� 7\SH��� H&$3� ZLWK� WKH� IROORZLQJ� DGGHG�
IHDWXUHV�

� (&$3[6<1&,16(/�UHJLVWHU
± 7KH�(&$36[<1&,16(/�UHJLVWHU�LV�DGGHG�IRU�HDFK�H&$3�WR�VHOHFW�DQ�H[WHUQDO�6<1&,1��(YHU\�H&$3�FDQ�

KDYH�D�VHSDUDWH�6<1&,1�VLJQDO�

7KH�H&$3�LQSXWV�FRQQHFW�WR�DQ\�*3,2�LQSXW�WKURXJK�WKH�,QSXW�;�%$5��7KH�$3:0�RXWSXWV�FRQQHFW�WR�*3,2�SLQV�
WKURXJK�WKH�2XWSXW�;�%$5�WR�287387[�SRVLWLRQV�LQ�WKH�*3,2�PX[��6HH�WKH�*3,2�,QSXW�;�%$5�VHFWLRQ�DQG�WKH�
*3,2�2XWSXW�;�%$5��&/%�;�%$5��&/%�2XWSXW�;�%$5��DQG�H3:0�;�%$5�VHFWLRQ�

7KH�H&$3�PRGXOH�LV�FORFNHG�E\�3(5[�6<6&/.�

7KH� FORFN� HQDEOH� ELWV� �(&$3�±(&$3��� LQ� WKH� 3&/.&5�� UHJLVWHU� WXUQ� RII� WKH� H&$3�PRGXOH� LQGLYLGXDOO\� �IRU�
ORZ�SRZHU�RSHUDWLRQ���8SRQ�UHVHW��(&$3�(1&/.�LV�VHW�WR�ORZ��LQGLFDWLQJ�WKDW�WKH�SHULSKHUDO�FORFN�LV�RII�

ZZZ�WL�FRP
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���������H&$3�DQG�+5&$3�%ORFN�'LDJUDP

TSCTR

(counter−32 bit)

RST

CAP1

(APRD Active) LD

CAP2

(ACMP Active) LD

CAP3

(APRD Shadow) LD

CAP4

ECAPxDMA_INT

ECCTL2[CTRFILTRESET]

ECCTL2[DMAEVTSEL]

(ACMP Shadow) LD

Continuous /

Oneshot

Capture Control

LD1

LD2

LD3

LD4

MODCNTRSTS

32

32

PRD [0−31]

CMP [0−31]

CTR [0−31]

Interrupt

Trigger

and

Flag

Control

CTR=CMP

HR Input

Capture Pulse

32

32

32

32

32

32

ACMP

shadow

Event

Prescale

CTRPHS

(phase register−32 bit)

ECAPxSYNCOUT

ECAPxSYNCIN

Event

qualifier

Polarity

Select

Polarity

Output

Input

Select

X-Bar

X-Bar

Polarity

Select

Polarity

Select

CTR=PRD

CTR_OVF

4

PWM

Compare

Logic

CTR [0−31]

PRD [0−31]

CMP [0−31]

CTR=CMP

CTR=PRD

CTR_OVFOVF

APWM Mode

Delta−Mode
S

Y
N

C

4
Capture Events

CEVT[1:4]

APRD

shadow

32

32

ECCTL2 [ SYNCI_EN, SYNCOSEL, SWSYNC]

ECCTL2[CAP/APWM]

Edge Polarity Select

ECCTL1[CAPxPOL]

ECCTL1 [ CAPLDEN, CTRRSTx]

ECCTL2 [ REARM, CONT_ONESHT, STOP_WRAP]

Registers: ECEINT, ECFLG, ECCLR, ECFRC

16

[127:16]

HR Submodule
(A)

HRCLK

HRCTRL[HRE]

HRCTRL[HRE]

SYSCLK

32

HRCTRL[HRE]

32

HRCTRL[HRE]

32

HRCTRL[HRE]

ECCTL1[PRESCALE]

Other
Sources

[15:0]

ECAPx
(to ePIE)

ECAPx_HRCAL
(to ePIE)

$� 7KH�+5&$3�VXEPRGXOH�LV�QRW�DYDLODEOH�RQ�DOO�H&$3�PRGXOHV��LQ�WKLV�FDVH��WKH�KLJK�UHVROXWLRQ�PX[HV�DQG�KDUGZDUH�DUH�QRW�

LPSOHPHQWHG�

)LJXUH�������H&$3�DQG�+5&$3�%ORFN�'LDJUDP
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���������H&$3�6\QFKURQL]DWLRQ

7KH� H&$3�PRGXOHV� FDQ� EH� V\QFKURQL]HG�ZLWK� HDFK� RWKHU� E\� VHOHFWLQJ� D� FRPPRQ� 6<1&,1� VRXUFH�� 6<1&,1�
VRXUFH�IRU�H&$3�FDQ�EH�HLWKHU�VRIWZDUH�V\QF�LQ�RU�H[WHUQDO�V\QF�LQ��7KH�H[WHUQDO�V\QF�LQ�VLJQDO�FDQ�FRPH�IURP�
(3:0�� H&$3�� RU�;�%DU�� 7KH�6<1&�VLJQDO� LV� GHILQHG� E\� WKH� VHOHFWLRQ� LQ� WKH�(&$3[6<1&,16(/>6(/@� ELW� IRU�
(&$3[�DV�VKRZQ�LQ�)LJXUH������

ECAPx

ECCTL2[SWSYNC]

CTR=PRD

Disable

Disable

ECCTL2[SYNCOSEL]

ECAPSYNCINSEL[SEL]

0x0
0x1

0xn

Disable

ECAPxSYNCOUT

ECAPxSYNCIN

ECAPxSYNCIN 

Signals

(EPWM, ECAP,

INPUTXBAR, «)

EPWMxSYNCOUT

SYNCSELECT[SYNCOUT]

EXTSYNCOUT

)LJXUH�������H&$3�6\QFKURQL]DWLRQ�6FKHPH

���������H&$3�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������H&$3�7LPLQJ�5HTXLUHPHQWV

0,1 120 0$; 81,7

WZ�&$3� &DSWXUH�LQSXW�SXOVH�ZLGWK

$V\QFKURQRXV �WF�6<6&/.�

QV6\QFKURQRXV �WF�6<6&/.�

:LWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZB�,46:�

�����������H&$3�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 7<3 0$; 81,7

WZ�$3:0� 3XOVH�GXUDWLRQ��$3:0[�RXWSXW�KLJK�ORZ �� QV

ZZZ�WL�FRP
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�������+LJK�5HVROXWLRQ�&DSWXUH��+5&$3�

7KH� H&$3�� PRGXOH� FDQ� EH� FRQILJXUHG� DV� KLJK�UHVROXWLRQ� FDSWXUH� �+5&$3�� VXEPRGXOHV�� 7KH� +5&$3�
VXEPRGXOH� PHDVXUHV� WKH� GLIIHUHQFH�� LQ� WLPH�� EHWZHHQ� SXOVHV� DV\QFKURQRXVO\� WR� WKH� V\VWHP� FORFN�� 7KLV�
VXEPRGXOH� LV� QHZ� WR� WKH� H&$3�7\SH� ��PRGXOH�� DQG� IHDWXUHV�PDQ\� HQKDQFHPHQWV� RYHU� WKH� 7\SH� ��+5&$3�
PRGXOH�

$SSOLFDWLRQV�IRU�WKH�+5&$3�LQFOXGH�
� &DSDFLWLYH�WRXFK�DSSOLFDWLRQV
� +LJK�UHVROXWLRQ�SHULRG�DQG�GXW\�F\FOH�PHDVXUHPHQWV�RI�SXOVH�WUDLQ�F\FOHV
� ,QVWDQWDQHRXV�VSHHG�PHDVXUHPHQWV
� ,QVWDQWDQHRXV�IUHTXHQF\�PHDVXUHPHQWV
� 9ROWDJH�PHDVXUHPHQWV�DFURVV�DQ�LVRODWLRQ�ERXQGDU\
� 'LVWDQFH�VRQDU�PHDVXUHPHQW�DQG�VFDQQLQJ
� )ORZ�PHDVXUHPHQWV

7KH�+5&$3�VXEPRGXOH�LQFOXGHV�WKH�IROORZLQJ�IHDWXUHV�
� 3XOVH�ZLGWK�FDSWXUH�LQ�HLWKHU�QRQ�KLJK�UHVROXWLRQ�RU�KLJK�UHVROXWLRQ�PRGHV
� $EVROXWH�PRGH�SXOVH�ZLGWK�FDSWXUH
� &RQWLQXRXV�RU��RQH�VKRW��FDSWXUH
� &DSWXUH�RQ�HLWKHU�IDOOLQJ�RU�ULVLQJ�HGJH
� &RQWLQXRXV�PRGH�FDSWXUH�RI�SXOVH�ZLGWKV�LQ���GHHS�EXIIHU
� +DUGZDUH�FDOLEUDWLRQ�ORJLF�IRU�SUHFLVLRQ�KLJK�UHVROXWLRQ�FDSWXUH
� $OO�RI�WKH�UHVRXUFHV�LQ�WKLV�OLVW�DUH�DYDLODEOH�RQ�DQ\�SLQ�XVLQJ�WKH�,QSXW�;�%$5�

7KH� +5&$3� VXEPRGXOH� LQFOXGHV� RQH� KLJK�UHVROXWLRQ� FDSWXUH� FKDQQHO� LQ� DGGLWLRQ� WR� D� FDOLEUDWLRQ� EORFN�� 7KH�
FDOLEUDWLRQ�EORFN�DOORZV� WKH�+5&$3�VXEPRGXOH� WR�EH�FRQWLQXDOO\� UHFDOLEUDWHG��DW�D�VHW� LQWHUYDO��ZLWK�QR� ³GRZQ�
WLPH´��%HFDXVH�WKH�+5&$3�VXEPRGXOH�QRZ�XVHV�WKH�VDPH�KDUGZDUH�DV�LWV�UHVSHFWLYH�H&$3�� LI� WKH�+5&$3�LV�
XVHG��WKH�FRUUHVSRQGLQJ�H&$3�ZLOO�EH�XQDYDLODEOH�

(DFK�KLJK�UHVROXWLRQ�FDSDEOH�FKDQQHO�KDV�WKH�IROORZLQJ�LQGHSHQGHQW�NH\�UHVRXUFHV�
� $OO�KDUGZDUH�RI�WKH�UHVSHFWLYH�H&$3
� +LJK�UHVROXWLRQ�FDOLEUDWLRQ�ORJLF
� 'HGLFDWHG�FDOLEUDWLRQ�LQWHUUXSW

���������H&$3�DQG�+5&$3�%ORFN�'LDJUDP

)RU� WKH�+5&$3�%ORFN�'LDJUDP��VHH� WKH�H&$3�DQG�+5&$3�%ORFN�'LDJUDP� LQ� WKH�(QKDQFHG�&DSWXUH� �H&$3��
VHFWLRQ�
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���������+5&$3�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������+5&$3�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

,QSXW�SXOVH�ZLGWK ��� QV

$FFXUDF\���������������
0HDVXUHPHQW�OHQJWK������V ���� ��� SV

0HDVXUHPHQW�OHQJWK�!����V ���� ���� SV

6WDQGDUG�GHYLDWLRQ

6HH�+5&$3�
6WDQGDUG�
'HYLDWLRQ�

&KDUDFWHULVWLFV
ILJXUH

5HVROXWLRQ ��� SV

��� 9DOXH�REWDLQHG�XVLQJ�DQ�RVFLOODWRU�RI�����330��RVFLOODWRU�DFFXUDF\�GLUHFWO\�DIIHFWV�WKH�+5&$3�DFFXUDF\�
��� 0HDVXUHPHQW�LV�FRPSOHWHG�XVLQJ�ULVLQJ�ULVLQJ�RU�IDOOLQJ�IDOOLQJ�HGJHV
��� 2SSRVLWH�SRODULW\�HGJHV�ZLOO�KDYH�DQ�DGGLWLRQDO�LQDFFXUDF\�GXH�WR�WKH�GLIIHUHQFH�EHWZHHQ�9,+�DQG�9,/��7KLV�HIIHFW�LV�GHSHQGHQW�RQ�WKH�

VLJQDO¶V�VOHZ�UDWH�
��� $FFXUDF\�RQO\�DSSOLHV�WR�WLPH�FRQYHUWHG�PHDVXUHPHQWV�

�����������+5&$3�)LJXUH�DQG�*UDSK

H
R

C
A

P
R

e
s
u
lt

P
ro

b
a
b

ili
ty

Precision
(Standard Deviation)

Accuracy

Actual
Input Signal

HRCAP’s Mean

Resolution
(Step Size)

$� 7KH�+5&$3�KDV�VRPH�YDULDWLRQ�LQ�SHUIRUPDQFH��WKLV�UHVXOWV�LQ�D�SUREDELOLW\�GLVWULEXWLRQ�ZKLFK�LV�GHVFULEHG�XVLQJ�WKH�IROORZLQJ�WHUPV�

� $FFXUDF\��7KH�WLPH�GLIIHUHQFH�EHWZHHQ�WKH�LQSXW�VLJQDO�DQG�WKH�PHDQ�RI�WKH�+5&$3¶V�GLVWULEXWLRQ�

� 3UHFLVLRQ��7KH�ZLGWK�RI�WKH�+5&$3¶V�GLVWULEXWLRQ��WKLV�LV�JLYHQ�DV�D�VWDQGDUG�GHYLDWLRQ�

� 5HVROXWLRQ��7KH�PLQLPXP�PHDVXUDEOH�LQFUHPHQW�

)LJXUH�������+5&$3�$FFXUDF\�3UHFLVLRQ�DQG�5HVROXWLRQ

ZZZ�WL�FRP
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0.2 0.74

0.4 1.48

0.6 2.22

0.8 2.96

1 3.7

1.2 4.44

1.4 5.18

1.6 5.92

1.8 6.66

2 7.4
Typical Core Conditions
Noisy Core Supply

$� 7\SLFDO�FRUH�FRQGLWLRQV��$OO�SHULSKHUDO�FORFNV�DUH�HQDEOHG�

%� 1RLV\�FRUH�VXSSO\��$OO�FRUH�FORFNV�DUH�HQDEOHG�DQG�GLVDEOHG�ZLWK�D�UHJXODU�SHULRG�GXULQJ�WKH�PHDVXUHPHQW�

&� )OXFWXDWLRQV�LQ�FXUUHQW�DQG�YROWDJH�RQ�WKH�����9�UDLO�FDXVH�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�+5&$3�WR�ULVH��&DUH�VKRXOG�EH�WDNHQ�WR�HQVXUH�

WKDW�WKH�����9�VXSSO\�LV�FOHDQ��DQG�WKDW�QRLV\�LQWHUQDO�HYHQWV��VXFK�DV�HQDEOLQJ�DQG�GLVDEOLQJ�FORFN�WUHHV��KDYH�EHHQ�PLQLPL]HG�ZKLOH�

XVLQJ�WKH�+5&$3�

)LJXUH�������+5&$3�6WDQGDUG�'HYLDWLRQ�&KDUDFWHULVWLFV
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�������(QKDQFHG�4XDGUDWXUH�(QFRGHU�3XOVH��H4(3�

7KH� H4(3� PRGXOH� RQ� WKLV� GHYLFH� LV� 7\SH���� 7KH� H4(3� LQWHUIDFHV� GLUHFWO\� ZLWK� OLQHDU� RU� URWDU\� LQFUHPHQWDO�
HQFRGHUV�WR�REWDLQ�SRVLWLRQ��GLUHFWLRQ��DQG�VSHHG�LQIRUPDWLRQ�IURP�URWDWLQJ�PDFKLQHV�XVHG�LQ�KLJK�SHUIRUPDQFH�
PRWLRQ�DQG�SRVLWLRQ�FRQWURO�V\VWHPV�

7KH�H4(3�SHULSKHUDO�FRQWDLQV�WKH�IROORZLQJ�PDMRU�IXQFWLRQDO�XQLWV��VHH�)LJXUH�������
� 3URJUDPPDEOH�LQSXW�TXDOLILFDWLRQ�IRU�HDFK�SLQ��SDUW�RI�WKH�*3,2�08;�
� 4XDGUDWXUH�GHFRGHU�XQLW��4'8�
� 3RVLWLRQ�FRXQWHU�DQG�FRQWURO�XQLW�IRU�SRVLWLRQ�PHDVXUHPHQW��3&&8�
� 4XDGUDWXUH�HGJH�FDSWXUH�XQLW�IRU�ORZ�VSHHG�PHDVXUHPHQW��4&$3�
� 8QLW�WLPH�EDVH�IRU�VSHHG�IUHTXHQF\�PHDVXUHPHQW��87,0(�
� :DWFKGRJ�WLPHU�IRU�GHWHFWLQJ�VWDOOV��4:'2*�
� 4XDGUDWXUH�0RGH�$GDSWHU��40$�

QWDTMR

QWDPRD

16

QWDOGUTIME

QUPRD

QUTMR

32

UTOUT

WDTOUT

Quadrature
capture unit

(QCAP)
QCPRDLAT

QCTMRLAT

16

QFLG

QEPSTS

QEPCTL

Registers
used by

multiple units

QCLK

QDIR

QI

QS

PHE

PCSOUT

Quadrature
decoder
(QDU)

QDECCTL

16

Position counter/
control unit

(PCCU)QPOSLAT

QPOSSLAT

32

QPOSILAT

EQEPxAIN

EQEPxBIN

EQEPxIIN

EQEPxIOUT

EQEPxIOE

EQEPxSIN

EQEPxSOUT

EQEPxSOE

GPIO
MUX

EQEPx_A

EQEPx_B

EQEPx_STROBE

EQEPx_INDEX

QPOSCMP QEINT

QFRC

32

QCLR

QPOSCTL

1632

QPOSCNT

QPOSMAX

QPOSINIT

PIE
EQEPxINT

Enhanced QEP (eQEP) peripheral

System
control registers

QCTMR

QCPRD

1616

QCAPCTL

EQEPxENCLK

SYSCLK

D
a
ta

b
u
s

To CPU

QMA

)LJXUH�������H4(3�%ORFN�'LDJUDP

ZZZ�WL�FRP
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���������H4(3�(OHFWULFDO�'DWD�DQG�7LPLQJ

)RU�DQ�H[SODQDWLRQ�RI�WKH�LQSXW�TXDOLILHU�SDUDPHWHUV��VHH�WKH�*HQHUDO�3XUSRVH�,QSXW�7LPLQJ�5HTXLUHPHQWV�WDEOH�

�����������H4(3�7LPLQJ�5HTXLUHPHQWV

0,1 0$; 81,7

WZ�4(33� 4(3�LQSXW�SHULRG
6\QFKURQRXV��� �WF�6<6&/.�

F\FOHV
6\QFKURQRXV�ZLWK�LQSXW�TXDOLILHU �>�WF�6<6&/.����WZ�,46:�@

WZ�,1'(;+� 4(3�,QGH[�,QSXW�+LJK�WLPH
6\QFKURQRXV��� �WF�6<6&/.�

F\FOHV
6\QFKURQRXV�ZLWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZ�,46:�

WZ�,1'(;/� 4(3�,QGH[�,QSXW�/RZ�WLPH
6\QFKURQRXV��� �WF�6<6&/.�

F\FOHV
6\QFKURQRXV�ZLWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZ�,46:�

WZ�6752%+� 4(3�6WUREH�+LJK�WLPH
6\QFKURQRXV��� �WF�6<6&/.�

F\FOHV
6\QFKURQRXV�ZLWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZ�,46:�

WZ�6752%/� 4(3�6WUREH�,QSXW�/RZ�WLPH
6\QFKURQRXV��� �WF�6<6&/.�

F\FOHV
6\QFKURQRXV�ZLWK�LQSXW�TXDOLILHU �WF�6<6&/.����WZ�,46:�

��� 7KH�*3,2�*3[46(/Q�$V\QFKURQRXV�PRGH�VKRXOG�QRW�EH�XVHG�IRU�H4(3�PRGXOH�LQSXW�SLQV�

�����������H4(3�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 0,1 0$; 81,7

WG�&175�[LQ 'HOD\�WLPH��H[WHUQDO�FORFN�WR�FRXQWHU�LQFUHPHQW �WF�6<6&/.� F\FOHV

WG�3&6�287�4(3 'HOD\�WLPH��4(3�LQSXW�HGJH�WR�SRVLWLRQ�FRPSDUH�V\QF�RXWSXW �WF�6<6&/.� F\FOHV
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�������6LJPD�'HOWD�)LOWHU�0RGXOH��6')0�

6')0�IHDWXUHV�LQFOXGH�

� (LJKW�H[WHUQDO�SLQV�SHU�6')0�PRGXOH
± )RXU�VLJPD�GHOWD�GDWD�LQSXW�SLQV�SHU�6')0�PRGXOH��6'�'[��ZKHUH�[� ���WR���
± )RXU�VLJPD�GHOWD�FORFN�LQSXW�SLQV�SHU�6')0�PRGXOH��6'�&[��ZKHUH�[� ���WR���

� 'LIIHUHQW�FRQILJXUDEOH�PRGXODWRU�FORFN�PRGHV�VXSSRUWHG�
± 0RGH����0RGXODWRU�FORFN�UDWH�HTXDOV�WKH�PRGXODWRU�GDWD�UDWH�

� )RXU�LQGHSHQGHQW��FRQILJXUDEOH�VHFRQGDU\�ILOWHU��FRPSDUDWRU��XQLWV�SHU�6')0�PRGXOH�
± )RXU�GLIIHUHQW�ILOWHU�W\SH�VHOHFWLRQ��6LQF��6LQF��6LQF)DVW�6LQF���RSWLRQV�DYDLODEOH
± $ELOLW\�WR�GHWHFW�RYHU�YDOXH�FRQGLWLRQ��XQGHU�YDOXH�FRQGLWLRQ��DQG�7KUHVKROG�FURVVLQJ�FRQGLWLRQV

�� 7ZR�LQGHSHQGHQW�+LJKHU�7KUHVKROG�FRPSDUDWRUV��XVHG�WR�GHWHFW�RYHU�YDOXH�FRQGLWLRQ�
�� 7ZR�LQGHSHQGHQW�/RZHU�7KUHVKROG�FRPSDUDWRUV��XVHG�WR�GHWHFW�XQGHU�YDOXH�FRQGLWLRQ�
�� 2QH�LQGHSHQGHQW�7KUHVKROG�&URVVLQJ�FRPSDUDWRU��XVHG�WR�PHDVXUH�GXW\�F\FOH�IUHTXHQF\�ZLWK�H&$3�

± 265�YDOXH�IRU�FRPSDUDWRU�ILOWHU�XQLW��&265��SURJUDPPDEOH�IURP���WR���
� )RXU�LQGHSHQGHQW�FRQILJXUDEOH�SULPDU\�ILOWHU��GDWD�ILOWHU��XQLWV�SHU�6')0�PRGXOH�

± )RXU�GLIIHUHQW�ILOWHU�W\SH�VHOHFWLRQ��6LQF��6LQF��6LQF)DVW�6LQF���RSWLRQV�DYDLODEOH
± 265�YDOXH�IRU�GDWD�ILOWHU�XQLW��'265��SURJUDPPDEOH�IURP���WR����
± $ELOLW\�WR�HQDEOH�RU�GLVDEOH��RU�ERWK��LQGLYLGXDO�ILOWHU�PRGXOH
± $ELOLW\�WR�V\QFKURQL]H�DOO�IRXU�LQGHSHQGHQW�ILOWHUV�RI�DQ�6')0�PRGXOH�E\�XVLQJ�WKH�0DVWHU�)LOWHU�(QDEOH�

�0)(��ELW�RU�E\�XVLQJ�3:0�VLJQDOV
� 'DWD�ILOWHU�RXWSXW�FDQ�EH�UHSUHVHQWHG�LQ�HLWKHU����ELWV�RU����ELWV�
� 'DWD�ILOWHU�XQLW�KDV�D�SURJUDPPDEOH�PRGH�),)2�WR�UHGXFH�LQWHUUXSW�RYHUKHDG��7KH�),)2�KDV�WKH�IROORZLQJ�

IHDWXUHV�
± 7KH�SULPDU\�ILOWHU��GDWD�ILOWHU��KDV�D����GHHS�[����ELW�),)2�
± 7KH�),)2�FDQ�LQWHUUXSW�WKH�&38�DIWHU�SURJUDPPDEOH�QXPEHU�RI�GDWD�UHDG\�HYHQWV�
± ),)2�:DLW�IRU�6\QF�IHDWXUH��$ELOLW\�WR�LJQRUH�GDWD�UHDG\�HYHQWV�XQWLO�WKH�3:0�V\QFKURQL]DWLRQ�VLJQDO�

�6'6<1&��LV�UHFHLYHG��2QFH�WKH�6'6<1&�HYHQW�LV�UHFHLYHG��WKH�),)2�LV�SRSXODWHG�RQ�HYHU\�GDWD�UHDG\�
HYHQW�

± 'DWD�ILOWHU�RXWSXW�FDQ�EH�UHSUHVHQWHG�LQ�HLWKHU����ELWV�RU����ELWV�
� 3:0[�62&$�62&%�FDQ�EH�FRQILJXUHG�WR�VHUYH�DV�6'6<1&�VRXUFH�RQ�D�SHU�GDWD�ILOWHU�FKDQQHO�EDVLV�
� 3:0V�FDQ�EH�XVHG�WR�JHQHUDWH�D�PRGXODWRU�FORFN�IRU�VLJPD�GHOWD�PRGXODWRUV�
� &RQILJXUDEOH�,QSXW�4XDOLILFDWLRQ�DYDLODEOH�IRU�ERWK�6'�&[�DQG�6'�'[
� $ELOLW\�WR�XVH�RQH�ILOWHU�FKDQQHO�FORFN��6'�&���WR�SURYLGH�FORFN�WR�RWKHU�ILOWHU�FORFN�FKDQQHOV�
� &RQILJXUDEOH�GLJLWDO�ILOWHU�DYDLODEOH�RQ�FRPSDUDWRU�ILOWHU�HYHQWV�WR�EODQNRXW�FRPSDUDWRU�HYHQWV�FDXVHG�E\�

VSXULRXV�QRLVH

)LJXUH������VKRZV�WKH�6')0�PRGXOH�EORFN�GLDJUDP�

ZZZ�WL�FRP
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Filter Module 1

SDFM- Sigma Delta Filter Module

Input 

Ctrl

G4

Streams

Register

Map

Interrupt 

Unit

R

R

Secondary

(Comparator) 

Filter

Primary (Data) 

Filter

Filter Module 4

Filter Module 3

Filter Module 2

C28x

FIFO

GPIO

MUX

PWMi.SOCA / SOCB

PWMj.CMPC

PWMi.SOCA / SOCB

PWMj.CMPC

PWMi.SOCA / SOCB

PWMj.CMPD

PWMi.SOCA / SOCB

PWMj.CMPD

SDy_D1

SDy_C1

SDy_D2

SDy_C2

SDy_D3

SDy_C3

SDy_D4

SDy_C4

CLA

DMA

SDyFLTx.DR

P
e

ri
p

h
e

ra
l 

F
ra

m
e

 1

SDyFLTx.DR

SDy_ERR

SDyFLTx.DR

SDy_ERR

Interrupt / trigger sources from SDFM

Internal secondary filter signals

LEGEND Where,

  j               11 for SDFM1 & 12 for SDFM2

  i               1 to Max. no of PWMs

  y              1 for SDFM1 & 2 for SDFM2

  x              1 t 4

= 

=

=

=

ECAP
SDyFLTx_CEVT2

Output XBAR 

PWM XBAR 

SDyFLTx_CEVT1 SDyFLTx_CEVT2

Comparator 

Signals 

SDyFLTx_CEVT1

)LJXUH�������6LJPD�'HOWD�)LOWHU�0RGXOH��6')0��%ORFN�'LDJUDP

���������6')0�(OHFWULFDO�'DWD�DQG�7LPLQJ

:$51,1*

6SHFLDO� SUHFDXWLRQV� VKRXOG� EH� WDNHQ� RQ� ERWK� 6'�&[� DQG� 6'�'[� VLJQDOV� WR� HQVXUH� D� FOHDQ� DQG�
QRLVH�IUHH� VLJQDO� WKDW� PHHWV� 6')0� WLPLQJ� UHTXLUHPHQWV�� 3UHFDXWLRQV� VXFK� DV� VHULHV� WHUPLQDWLRQ�
UHVLVWRUV�IRU�ULQJLQJ�QRLVH�GXH�WR�DQ\�LPSHGDQFH�PLVPDWFK�RI�FORFN�GULYHU�DQG�VSDFLQJ�RI�WUDFHV�IURP�
RWKHU�QRLV\�VLJQDOV�DUH�UHFRPPHQGHG�

1RWH

7KH� 6')0� 6'�&[� DQG� 6'�'[� VLJQDOV�� ZKHQ� V\QFKURQL]HG� WR� 3//5$:&/.�� SURYLGH� SURWHFWLRQ�
DJDLQVW�6')0�PRGXOH�FRUUXSWLRQ�GXH�WR�RFFDVLRQDO�UDQGRP�QRLVH�JOLWFKHV�WKDW�PD\�UHVXOW� LQ�D� IDOVH�
FRPSDUDWRU� WULS� DQG� ILOWHU� RXWSXW�� +RZHYHU�� WKH� VLJQDOV� GR� QRW� SURYLGH� SURWHFWLRQ� DJDLQVW� SHUVLVWHQW�
YLRODWLRQV�RI�WKH�DERYH�WLPLQJ�UHTXLUHPHQWV��7LPLQJ�YLRODWLRQV�ZLOO�UHVXOW�LQ�GDWD�FRUUXSWLRQ�SURSRUWLRQDO�
WR�WKH�QXPEHU�RI�ELWV�ZKLFK�YLRODWH�WKH�UHTXLUHPHQWV�

�����������6')0�7LPLQJ�5HTXLUHPHQWV�:KHQ�8VLQJ�$V\QFKURQRXV�*3,2��$6<1&��2SWLRQ

0,1 0$; 81,7

0RGH��

WF�6'&�0�� &\FOH�WLPH��6'[B&\ ��
�WF�3//5$:&/.� ����
�6<6&/.�SHULRG QV

WZ�6''+/�0� 3XOVH�GXUDWLRQ��6'[B'\��KLJK���/RZ� ��
�WF�3//5$:&/.� QV

WVX�6''9�6'&+�0� 6HWXS�WLPH��6'[B'\�YDOLG�EHIRUH�6'[B&\�JRHV�KLJK ��
�WF�3//5$:&/.����� QV

WK�6'&+�6''�0� +ROG�WLPH��6'[B'\�ZDLW�DIWHU�6'[B&\�JRHV�KLJK ��
�WF�3//5$:&/.����� QV
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�����&RPPXQLFDWLRQV�3HULSKHUDOV

�������&RQWUROOHU�$UHD�1HWZRUN��&$1�

1RWH

7KH� &$1�PRGXOH� XVHV� WKH� ,3� NQRZQ� DV�'&$1�� 7KLV� GRFXPHQW� XVHV� WKH� QDPHV�&$1� DQG�'&$1�
LQWHUFKDQJHDEO\�WR�UHIHUHQFH�WKLV�SHULSKHUDO�

7KH�&$1�PRGXOH�LPSOHPHQWV�WKH�IROORZLQJ�IHDWXUHV�
� &RPSOLHV�ZLWK�,62����������%RVFK��&$1�SURWRFRO�VSHFLILFDWLRQ�����$�DQG�%�
� %LW�UDWHV�XS�WR���0ESV
� 0XOWLSOH�FORFN�VRXUFHV
� ���PHVVDJH�REMHFWV��PDLOER[HV���HDFK�ZLWK�WKH�IROORZLQJ�SURSHUWLHV�

± &RQILJXUDEOH�DV�UHFHLYH�RU�WUDQVPLW
± &RQILJXUDEOH�ZLWK�VWDQGDUG�����ELW��RU�H[WHQGHG�����ELW��LGHQWLILHU
± 6XSSRUWV�SURJUDPPDEOH�LGHQWLILHU�UHFHLYH�PDVN
± 6XSSRUWV�GDWD�DQG�UHPRWH�IUDPHV
± +ROGV���WR���E\WHV�RI�GDWD
± 3DULW\�FKHFNHG�FRQILJXUDWLRQ�DQG�GDWD�5$0

� ,QGLYLGXDO�LGHQWLILHU�PDVN�IRU�HDFK�PHVVDJH�REMHFW
� 3URJUDPPDEOH�),)2�PRGH�IRU�PHVVDJH�REMHFWV
� 3URJUDPPDEOH�ORRSEDFN�PRGHV�IRU�VHOI�WHVW�RSHUDWLRQ
� 6XVSHQG�PRGH�IRU�GHEXJ�VXSSRUW
� 6RIWZDUH�PRGXOH�UHVHW
� $XWRPDWLF�EXV�RQ�DIWHU�EXV�RII�VWDWH�E\�D�SURJUDPPDEOH����ELW�WLPHU
� 7ZR�LQWHUUXSW�OLQHV
� '0$�VXSSRUW

1RWH

)RU�D�&$1�ELW�FORFN�RI�����0+]��WKH�VPDOOHVW�ELW�UDWH�SRVVLEOH�LV���������NESV�

1RWH

7KH� DFFXUDF\� RI� WKH� RQ�FKLS� ]HUR�SLQ� RVFLOODWRU� LV� LQ� WKH� ,1726&�&KDUDFWHULVWLFV� WDEOH�� 'HSHQGLQJ�
RQ�SDUDPHWHUV�VXFK�DV� WKH�&$1�ELW� WLPLQJ�VHWWLQJV��ELW� UDWH��EXV� OHQJWK��DQG�SURSDJDWLRQ�GHOD\�� WKH�
DFFXUDF\�RI� WKLV�RVFLOODWRU�PD\�QRW�PHHW� WKH� UHTXLUHPHQWV�RI� WKH�&$1�SURWRFRO�� ,Q� WKLV� VLWXDWLRQ��DQ�
H[WHUQDO�FORFN�VRXUFH�PXVW�EH�XVHG�

)LJXUH������VKRZV�WKH�&$1�EORFN�GLDJUDP�

ZZZ�WL�FRP
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CAN Core

Message

RAM

Interface

Message Handler

Register and Message

Object Access (IFx)

Module Interface

Message RAM

32

Message

Objects

(Mailboxes)

CAN

Test Modes 

Only

3.3V CAN Transceiver

CANx RX pin CANx TX pin

CAN_H

CAN_L
CAN Bus

CANINT0 CANINT1
CPU Bus

External connections

Device

DMA

)LJXUH�������&$1�%ORFN�'LDJUDP
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�������0RGXODU�&RQWUROOHU�$UHD�1HWZRUN��0&$1�

7KH� &RQWUROOHU� $UHD� 1HWZRUN� �&$1�� LV� D� VHULDO� FRPPXQLFDWLRQV� SURWRFRO� WKDW� HIILFLHQWO\� VXSSRUWV� GLVWULEXWHG�
UHDO�WLPH�FRQWURO�ZLWK�D�KLJK�OHYHO�RI�UHOLDELOLW\��&$1�KDV�KLJK�LPPXQLW\�WR�HOHFWULFDO�LQWHUIHUHQFH�DQG�WKH�DELOLW\�WR�
GHWHFW�YDULRXV�W\SH�RI�HUURUV��,Q�&$1��PDQ\�VKRUW�PHVVDJHV�DUH�EURDGFDVW�WR�WKH�HQWLUH�QHWZRUN��ZKLFK�SURYLGHV�
GDWD�FRQVLVWHQF\�LQ�HYHU\�QRGH�RI�WKH�V\VWHP�

7KH�0&$1�PRGXOH�VXSSRUWV�ERWK�FODVVLF�&$1�DQG�&$1�)'��&$1�ZLWK�IOH[LEOH�GDWD�UDWH��SURWRFROV��7KH�&$1�)'�
IHDWXUH�DOORZV�KLJKHU�WKURXJKSXW�DQG�LQFUHDVHG�SD\ORDG�SHU�GDWD�IUDPH��&ODVVLF�&$1�DQG�&$1�)'�GHYLFHV�PD\�
FRH[LVW�RQ� WKH�VDPH�QHWZRUN�ZLWKRXW�DQ\�FRQIOLFW� SURYLGHG� WKDW�SDUWLDO� QHWZRUN� WUDQVFHLYHUV��ZKLFK�FDQ�GHWHFW�
DQG�LJQRUH�&$1�)'�ZLWKRXW�JHQHUDWLQJ�EXV�HUURUV��DUH�XVHG�E\�WKH�FODVVLF�&$1�GHYLFHV��7KH�0&$1�PRGXOH�LV�
FRPSOLDQW�WR�,62��������������

1RWH

7KH�DYDLODELOW\�RI�WKH�&$1�)'�IHDWXUH�LV�GHSHQGHQW�RQ�WKH�GHYLFH
V�SDUW�QXPEHU��5HIHU�WR�WKH�GHYLFH�
GDWD�VKHHW�IRU�PRUH�LQIRUPDWLRQ�

MCANSS

Uncorrectable ECC

Correctable ECC

Configurable Interrupts (2 lines)

Counter Overflow and Clock Stop/ 

Wakeup 

Peripheral Clock

Bit Timing Clock

Reset

Clock disable/

enable

SYSCLK

MCAN Bit Clock

Clock Stop and Wakeup

 NMI

mcanss_tx

mcanss_rx

Device

CPU BUS

Wakeup

RESET

PIE

)LJXUH�������0&$1�0RGXOH�2YHUYLHZ

7KH�0&$1�PRGXOH�LPSOHPHQWV�WKH�IROORZLQJ�IHDWXUHV�

� &RQIRUPV�ZLWK�&$1�3URWRFRO�����$��%�DQG�,62�������������
� )XOO�&$1�)'�VXSSRUW��XS�WR����GDWD�E\WHV�
� $8726$5�DQG�6$(�-�����VXSSRUW
� 8S�WR����GHGLFDWHG�WUDQVPLW�EXIIHUV
� &RQILJXUDEOH�WUDQVPLW�),)2��XS�WR����HOHPHQWV
� &RQILJXUDEOH�WUDQVPLW�TXHXH��XS�WR����HOHPHQWV
� &RQILJXUDEOH�WUDQVPLW�(YHQW�),)2��XS�WR����HOHPHQWV
� 8S�WR����GHGLFDWHG�UHFHLYH�EXIIHUV
� 7ZR�FRQILJXUDEOH�UHFHLYH�),)2V��XS�WR����HOHPHQWV�HDFK
� 8S�WR�����ILOWHU�HOHPHQWV
� /RRS�EDFN�PRGH�IRU�VHOI�WHVW
� 0DVNDEOH�LQWHUUXSW��WZR�FRQILJXUDEOH�LQWHUUXSW�OLQHV��FRUUHFWDEOH�(&&��FRXQWHU�RYHUIORZ�DQG�FORFN�VWRS�

ZDNHXS�
� 1RQ�PDVNDEOH�LQWHUUXSW��XQFRUUHFWDEOH�(&&�

ZZZ�WL�FRP
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� 7ZR�FORFN�GRPDLQV��&$1�FORFN�KRVW�FORFN�
� (&&�FKHFN�IRU�0HVVDJH�5$0
� &ORFN�VWRS�DQG�ZDNHXS�VXSSRUW
� 7LPHVWDPS�FRXQWHU

1RQ�VXSSRUWHG�IHDWXUHV�

� +RVW�EXV�ILUHZDOO
� &ORFN�FDOLEUDWLRQ
� 'HEXJ�RYHU�&$1

706���)������&��706���)������&�4���706���)������&�4�
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�������,QWHU�,QWHJUDWHG�&LUFXLW��,�&�

7KH�,�&�PRGXOH�KDV�WKH�IROORZLQJ�IHDWXUHV�
� &RPSOLDQFH�ZLWK�WKH�1;3�6HPLFRQGXFWRUV�,�&�EXV�VSHFLILFDWLRQ��YHUVLRQ������

± 6XSSRUW�IRU���ELW�IRUPDW�WUDQVIHUV
± ��ELW�DQG����ELW�DGGUHVVLQJ�PRGHV
± *HQHUDO�FDOO
± 67$57�E\WH�PRGH
± 6XSSRUW�IRU�PXOWLSOH�PDVWHU�WUDQVPLWWHUV�DQG�VODYH�UHFHLYHUV
± 6XSSRUW�IRU�PXOWLSOH�VODYH�WUDQVPLWWHUV�DQG�PDVWHU�UHFHLYHUV
± &RPELQHG�PDVWHU�WUDQVPLW�UHFHLYH�DQG�UHFHLYH�WUDQVPLW�PRGH
± 'DWD�WUDQVIHU�UDWH�IURP����NESV�XS�WR�����NESV��)DVW�PRGH�

� 6XSSRUWV�YROWDJH�WKUHVKROGV�FRPSDWLEOH�WR�
± 60%XV�����DQG�EHORZ
± 30%XV�����DQG�EHORZ

� 2QH����E\WH�UHFHLYH�),)2�DQG�RQH����E\WH�WUDQVPLW�),)2
� 6XSSRUWV�WZR�H3,(�LQWHUUXSWV

± ,�&[�LQWHUUXSW�±�$Q\�RI�WKH�EHORZ�FRQGLWLRQV�FDQ�EH�FRQILJXUHG�WR�JHQHUDWH�DQ�,�&[�LQWHUUXSW�
� 7UDQVPLW�5HDG\
� 5HFHLYH�5HDG\
� 5HJLVWHU�$FFHVV�5HDG\
� 1R�$FNQRZOHGJPHQW
� $UELWUDWLRQ�/RVW
� 6WRS�&RQGLWLRQ�'HWHFWHG
� $GGUHVVHG�DV�6ODYH

± ,�&[B),)2�LQWHUUXSWV�
� 7UDQVPLW�),)2�LQWHUUXSW
� 5HFHLYH�),)2�LQWHUUXSW

� 0RGXOH�HQDEOH�DQG�GLVDEOH�FDSDELOLW\
� )UHH�GDWD�IRUPDW�PRGH

)LJXUH������VKRZV�KRZ�WKH�,�&�SHULSKHUDO�PRGXOH�LQWHUIDFHV�ZLWKLQ�WKH�GHYLFH�

ZZZ�WL�FRP
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I2CXSR I2CDXR

I2CRSR I2CDRR

Clock
synchronizer

Prescaler

Noise filters

Arbitrator

I2C INT

Peripheral bus

Interrupt to

CPU/PIE

SDA

SCL

Control/status
registers CPU

I2C module

TX FIFO

RX FIFO

FIFO Interrupt

to CPU/PIE

)LJXUH�������,�&�3HULSKHUDO�0RGXOH�,QWHUIDFHV
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���������,�&�(OHFWULFDO�'DWD�DQG�7LPLQJ

1RWH

7R�PHHW�DOO�RI�WKH�,�&�SURWRFRO�WLPLQJ�VSHFLILFDWLRQV��WKH�,�&�PRGXOH�FORFN�PXVW�EH�FRQILJXUHG�LQ�WKH�
UDQJH�IURP���0+]�WR����0+]�

�����������,�&�7LPLQJ�5HTXLUHPHQWV

12� 0,1 0$; 81,7

6WDQGDUG�PRGH

7� IPRG ,�&�PRGXOH�IUHTXHQF\ � �� 0+]

7� WK�6'$�6&/�67$57
+ROG�WLPH��67$57�FRQGLWLRQ��6&/�IDOO�GHOD\�DIWHU�
6'$�IDOO

��� �V

7� WVX�6&/�6'$�67$57
6HWXS�WLPH��5HSHDWHG�67$57��6&/�ULVH�EHIRUH�6'$�
IDOO�GHOD\

��� �V

7� WK�6&/�'$7� +ROG�WLPH��GDWD�DIWHU�6&/�IDOO � �V

7� WVX�'$7�6&/� 6HWXS�WLPH��GDWD�EHIRUH�6&/�ULVH ��� QV

7� WU�6'$� 5LVH�WLPH��6'$ ���� QV

7� WU�6&/� 5LVH�WLPH��6&/ ���� QV

7� WI�6'$� )DOO�WLPH��6'$ ��� QV

7� WI�6&/� )DOO�WLPH��6&/ ��� QV

7� WVX�6&/�6'$�6723
6HWXS�WLPH��6723�FRQGLWLRQ��6&/�ULVH�EHIRUH�6'$�
ULVH�GHOD\

��� �V

7�� WZ�63�
3XOVH�GXUDWLRQ�RI�VSLNHV�WKDW�ZLOO�EH�VXSSUHVVHG�E\
ILOWHU � �� QV

7�� &E FDSDFLWDQFH�ORDG�RQ�HDFK�EXV�OLQH ��� S)

)DVW�PRGH

7� IPRG ,�&�PRGXOH�IUHTXHQF\ � �� 0+]

7� WK�6'$�6&/�67$57
+ROG�WLPH��67$57�FRQGLWLRQ��6&/�IDOO�GHOD\�DIWHU�
6'$�IDOO

��� �V

7� WVX�6&/�6'$�67$57
6HWXS�WLPH��5HSHDWHG�67$57��6&/�ULVH�EHIRUH�6'$�
IDOO�GHOD\

��� �V

7� WK�6&/�'$7� +ROG�WLPH��GDWD�DIWHU�6&/�IDOO � �V

7� WVX�'$7�6&/� 6HWXS�WLPH��GDWD�EHIRUH�6&/�ULVH ��� QV

7� WU�6'$� 5LVH�WLPH��6'$ �� ��� QV

7� WU�6&/� 5LVH�WLPH��6&/ �� ��� QV

7� WI�6'$� )DOO�WLPH��6'$ ���� ��� QV

7� WI�6&/� )DOO�WLPH��6&/ ���� ��� QV

7� WVX�6&/�6'$�6723
6HWXS�WLPH��6723�FRQGLWLRQ��6&/�ULVH�EHIRUH�6'$�
ULVH�GHOD\

��� �V

7�� WZ�63�
3XOVH�GXUDWLRQ�RI�VSLNHV�WKDW�ZLOO�EH�VXSSUHVVHG�E\
ILOWHU � �� QV

7�� &E FDSDFLWDQFH�ORDG�RQ�HDFK�EXV�OLQH ��� S)

�����������,�&�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5 7(67�&21',7,216 0,1 0$; 81,7

6WDQGDUG�PRGH

6� I6&/ 6&/�FORFN�IUHTXHQF\ � ��� N+]

6� 76&/ 6&/�FORFN�SHULRG �� �V

6� WZ�6&//� 3XOVH�GXUDWLRQ��6&/�FORFN�ORZ ��� �V

ZZZ�WL�FRP
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�����������,�&�6ZLWFKLQJ�&KDUDFWHULVWLFV��FRQWLQXHG�

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5 7(67�&21',7,216 0,1 0$; 81,7

6� WZ�6&/+� 3XOVH�GXUDWLRQ��6&/�FORFN�KLJK ��� �V

6� W%8)
%XV�IUHH�WLPH�EHWZHHQ�6723�DQG�67$57�
FRQGLWLRQV

��� �V

6� WY�6&/�'$7� 9DOLG�WLPH��GDWD�DIWHU�6&/�IDOO ���� �V

6� WY�6&/�$&.� 9DOLG�WLPH��$FNQRZOHGJH�DIWHU�6&/�IDOO ���� �V

6� ,, ,QSXW�FXUUHQW�RQ�SLQV ����9EXV���9L�������9EXV ±�� �� �$

)DVW�PRGH

6� I6&/ 6&/�FORFN�IUHTXHQF\ � ��� N+]

6� 76&/ 6&/�FORFN�SHULRG ��� �V

6� WZ�6&//� 3XOVH�GXUDWLRQ��6&/�FORFN�ORZ ��� �V

6� WZ�6&/+� 3XOVH�GXUDWLRQ��6&/�FORFN�KLJK ��� �V

6� W%8)
%XV�IUHH�WLPH�EHWZHHQ�6723�DQG�67$57�
FRQGLWLRQV

��� �V

6� WY�6&/�'$7� 9DOLG�WLPH��GDWD�DIWHU�6&/�IDOO ��� �V

6� WY�6&/�$&.� 9DOLG�WLPH��$FNQRZOHGJH�DIWHU�6&/�IDOO ��� �V

6� ,, ,QSXW�FXUUHQW�RQ�SLQV ����9EXV���9L�������9EXV ±�� �� �$

�����������,�&�7LPLQJ�'LDJUDP

S5

T6 T8

T5 T7 S3

S4

S2

STARTSTOP

SDA

SCL

SDA

SCL

T10S6

9
th

 

clock

S7

Contd...

Contd...

T2

T1

Repeated

START

9
th

 

clock

T9

STOP

ACK

ACK

)LJXUH�������,�&�7LPLQJ�'LDJUDP
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�������3RZHU�0DQDJHPHQW�%XV��30%XV��,QWHUIDFH

7KH�30%XV�PRGXOH�KDV�WKH�IROORZLQJ�IHDWXUHV�
� &RPSOLDQFH�ZLWK�WKH�60,�)RUXP�30%XV�6SHFLILFDWLRQ��3DUW�,�Y����DQG�3DUW�,,�Y����
� 6XSSRUWV�YROWDJH�WKUHVKROGV�FRPSDWLEOH�WR�

± 30%XV�����DQG�EHORZ
± 60%XV�����DQG�EHORZ

� 6XSSRUW�IRU�PDVWHU�DQG�VODYH�PRGHV
� 6XSSRUW�IRU�,�&�PRGH
� 6XSSRUW�IRU�WZR�VSHHGV�

± 6WDQGDUG�0RGH��8S�WR�����N+]
± )DVW�0RGH������N+]

� 3DFNHW�HUURU�FKHFNLQJ
� &21752/�DQG�$/(57�VLJQDOV
� &ORFN�KLJK�DQG�ORZ�WLPH�RXWV
� )RXU�E\WH�WUDQVPLW�DQG�UHFHLYH�EXIIHUV
� 2QH�PDVNDEOH�LQWHUUXSW��ZKLFK�FDQ�EH�JHQHUDWHG�E\�VHYHUDO�FRQGLWLRQV�

± 5HFHLYH�GDWD�UHDG\
± 7UDQVPLW�EXIIHU�HPSW\
± 6ODYH�DGGUHVV�UHFHLYHG
± (QG�RI�PHVVDJH
± $/(57�LQSXW�DVVHUWHG
± &ORFN�ORZ�WLPH�RXW
± &ORFN�KLJK�WLPH�RXW
± %XV�IUHH

PMBus Module

GPIO Mux

ALERT

CTL

SCL

SDA

SYSCLK

PCLKCR20

Div

Bit clock

PIEPMBUSA_INT

CPU

PMBCTRL

Other registers

DMA

PMBTXBUF

PMBRXBUFShift register

)LJXUH�������30%XV�%ORFN�'LDJUDP

ZZZ�WL�FRP
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���������30%XV�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������30%XV�(OHFWULFDO�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

9,/ 9DOLG�ORZ�OHYHO�LQSXW�YROWDJH ��� 9

9,+ 9DOLG�KLJK�OHYHO�LQSXW�YROWDJH ��� 9'',2 9

92/ /RZ�OHYHO�RXWSXW�YROWDJH $W�,SXOOXS� ���P$ ��� 9

,2/ /RZ�OHYHO�RXWSXW�FXUUHQW 92/�������9 � P$

W63
3XOVH�ZLGWK�RI�VSLNHV�WKDW�PXVW�EH�
VXSSUHVVHG�E\�WKH�LQSXW�ILOWHU

� �� QV

,L ,QSXW�OHDNDJH�FXUUHQW�RQ�HDFK�SLQ ����9EXV���9L�������9EXV ±�� �� �$

&L &DSDFLWDQFH�RQ�HDFK�SLQ �� S)

�����������30%XV�)DVW�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

I6&/ 6&/�FORFN�IUHTXHQF\ �� ��� N+]

W%8)
%XV�IUHH�WLPH�EHWZHHQ�6723�DQG�
67$57�FRQGLWLRQV

��� �V

W+'�67$
67$57�FRQGLWLRQ�KROG�WLPH����6'$�IDOO�
WR�6&/�IDOO�GHOD\

��� �V

W68�67$
5HSHDWHG�67$57�VHWXS�WLPH����6&/�
ULVH�WR�6'$�IDOO�GHOD\

��� �V

W68�672
6723�FRQGLWLRQ�VHWXS�WLPH����6&/�ULVH�
WR�6'$�ULVH�GHOD\

��� �V

W+'�'$7 'DWD�KROG�WLPH�DIWHU�6&/�IDOO ��� QV

W68�'$7 'DWD�VHWXS�WLPH�EHIRUH�6&/�ULVH ��� QV

W7LPHRXW &ORFN�ORZ�WLPH�RXW �� �� PV

W/2: /RZ�SHULRG�RI�WKH�6&/�FORFN ��� �V

W+,*+ +LJK�SHULRG�RI�WKH�6&/�FORFN ��� �� �V

W/2:�6(;7
&XPXODWLYH�FORFN�ORZ�H[WHQG�WLPH�
�VODYH�GHYLFH�

)URP�67$57�WR�6723 �� PV

W/2:�0(;7
&XPXODWLYH�FORFN�ORZ�H[WHQG�WLPH�
�PDVWHU�GHYLFH�

:LWKLQ�HDFK�E\WH �� PV

WU 5LVH�WLPH�RI�6'$�DQG�6&/ ���WR���� �� ��� QV

WI )DOO�WLPH�RI�6'$�DQG�6&/ ����WR��� �� ��� QV
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�����������30%XV�6WDQGDUG�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5 7(67�&21',7,216 0,1 7<3 0$; 81,7

I6&/ 6&/�FORFN�IUHTXHQF\ �� ��� N+]

W%8)
%XV�IUHH�WLPH�EHWZHHQ�6723�DQG�
67$57�FRQGLWLRQV

��� �V

W+'�67$
67$57�FRQGLWLRQ�KROG�WLPH����6'$�IDOO�
WR�6&/�IDOO�GHOD\

� �V

W68�67$
5HSHDWHG�67$57�VHWXS�WLPH����6&/�
ULVH�WR�6'$�IDOO�GHOD\

��� �V

W68�672
6723�FRQGLWLRQ�VHWXS�WLPH����6&/�ULVH�
WR�6'$�ULVH�GHOD\

� �V

W+'�'$7 'DWD�KROG�WLPH�DIWHU�6&/�IDOO ��� QV

W68�'$7 'DWD�VHWXS�WLPH�EHIRUH�6&/�ULVH ��� QV

W7LPHRXW &ORFN�ORZ�WLPH�RXW �� �� PV

W/2: /RZ�SHULRG�RI�WKH�6&/�FORFN ��� �V

W+,*+ +LJK�SHULRG�RI�WKH�6&/�FORFN � �� �V

W/2:�6(;7
&XPXODWLYH�FORFN�ORZ�H[WHQG�WLPH�
�VODYH�GHYLFH�

)URP�67$57�WR�6723 �� PV

W/2:�0(;7
&XPXODWLYH�FORFN�ORZ�H[WHQG�WLPH�
�PDVWHU�GHYLFH�

:LWKLQ�HDFK�E\WH �� PV

WU 5LVH�WLPH�RI�6'$�DQG�6&/ ���� QV

WI )DOO�WLPH�RI�6'$�DQG�6&/ ��� QV

ZZZ�WL�FRP
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�������6HULDO�&RPPXQLFDWLRQV�,QWHUIDFH��6&,�

7KH�6&,� LV�D���ZLUH�DV\QFKURQRXV�VHULDO�SRUW�� FRPPRQO\�NQRZQ�DV�D�8$57��7KH�6&,�PRGXOH�VXSSRUWV�GLJLWDO�
FRPPXQLFDWLRQV�EHWZHHQ�WKH�&38�DQG�RWKHU�DV\QFKURQRXV�SHULSKHUDOV�WKDW�XVH�WKH�VWDQGDUG�QRQ�UHWXUQ�WR�]HUR�
�15=��IRUPDW

7KH�6&,�UHFHLYHU�DQG�WUDQVPLWWHU�HDFK�KDYH�D����OHYHO�GHHS�),)2�IRU�UHGXFLQJ�VHUYLFLQJ�RYHUKHDG��DQG�HDFK�KDV�
LWV�RZQ�VHSDUDWH�HQDEOH�DQG�LQWHUUXSW�ELWV��%RWK�FDQ�EH�RSHUDWHG�LQGHSHQGHQWO\�IRU�KDOI�GXSOH[�FRPPXQLFDWLRQ��
RU�VLPXOWDQHRXVO\�IRU�IXOO�GXSOH[�FRPPXQLFDWLRQ��7R�VSHFLI\�GDWD�LQWHJULW\��WKH�6&,�FKHFNV�UHFHLYHG�GDWD�IRU�EUHDN�
GHWHFWLRQ��SDULW\��RYHUUXQ��DQG�IUDPLQJ�HUURUV��7KH�ELW�UDWH�LV�SURJUDPPDEOH�WR�GLIIHUHQW�VSHHGV�WKURXJK�D����ELW�
EDXG�VHOHFW�UHJLVWHU�

)HDWXUHV�RI�WKH�6&,�PRGXOH�LQFOXGH�
� 7ZR�H[WHUQDO�SLQV�

± 6&,7;'��6&,�WUDQVPLW�RXWSXW�SLQ
± 6&,5;'��6&,�UHFHLYH�LQSXW�SLQ
± %DXG�UDWH�SURJUDPPDEOH�WR���.�GLIIHUHQW�UDWHV

� 'DWD�ZRUG�IRUPDW
± ��VWDUW�ELW
± 'DWD�ZRUG�OHQJWK�SURJUDPPDEOH�IURP���WR���ELWV
± 2SWLRQDO�HYHQ�RGG�QR�SDULW\�ELW
± ��RU���VWRS�ELWV

� )RXU�HUURU�GHWHFWLRQ�IODJV��SDULW\��RYHUUXQ��IUDPLQJ��DQG�EUHDN�GHWHFWLRQ
� 7ZR�ZDNH�XS�PXOWLSURFHVVRU�PRGHV��LGOH�OLQH�DQG�DGGUHVV�ELW
� +DOI��RU�IXOO�GXSOH[�RSHUDWLRQ
� 'RXEOH�EXIIHUHG�UHFHLYH�DQG�WUDQVPLW�IXQFWLRQV
� 7UDQVPLWWHU�DQG�UHFHLYHU�RSHUDWLRQV�FDQ�EH�DFFRPSOLVKHG�WKURXJK�LQWHUUXSW�GULYHQ�RU�SROOHG�DOJRULWKPV�ZLWK�

VWDWXV�IODJV�
± 7UDQVPLWWHU��7;5'<�IODJ��WUDQVPLWWHU�EXIIHU�UHJLVWHU�LV�UHDG\�WR�UHFHLYH�DQRWKHU�FKDUDFWHU��DQG�7;�(037<�

IODJ��WUDQVPLWWHU�VKLIW�UHJLVWHU�LV�HPSW\�
± 5HFHLYHU��5;5'<�IODJ��UHFHLYHU�EXIIHU�UHJLVWHU�LV�UHDG\�WR�UHFHLYH�DQRWKHU�FKDUDFWHU���%5.'7�IODJ��EUHDN�

FRQGLWLRQ�RFFXUUHG���DQG�5;�(5525�IODJ��PRQLWRULQJ�IRXU�LQWHUUXSW�FRQGLWLRQV�
� 6HSDUDWH�HQDEOH�ELWV�IRU�WUDQVPLWWHU�DQG�UHFHLYHU�LQWHUUXSWV��H[FHSW�%5.'7�
� 15=�IRUPDW
� $XWR�EDXG�GHWHFW�KDUGZDUH�ORJLF
� ���OHYHO�WUDQVPLW�DQG�UHFHLYH�),)2

1RWH

$OO�UHJLVWHUV�LQ�WKLV�PRGXOH�DUH���ELW�UHJLVWHUV��:KHQ�D�UHJLVWHU�LV�DFFHVVHG��WKH�UHJLVWHU�GDWD�LV�LQ�WKH�
ORZHU�E\WH��ELWV��±����DQG�WKH�XSSHU�E\WH��ELWV���±���LV�UHDG�DV�]HURV��:ULWLQJ�WR�WKH�XSSHU�E\WH�KDV�QR�
HIIHFW�

)LJXUH������VKRZV�WKH�6&,�EORFN�GLDJUDP�
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TXSHF

Register

TX FIFO_0

TX FIFO_1

TX FIFO_N

8

8

Transmit Data

Buffer Register

SCITXBUF.7-0

RXSHF

Register

RX FIFO_0

RX FIFO_1

RX FIFO_N

8

Receive Data

Buffer Register

SCIRXBUF.7-0

RXENA

SCICTL1.0

8

TX FIFO Interrupts

RX FIFO Interrupts

Baud Rate

MSB/LSB

Registers

SCIHBAUD.15-8

SCILBAUD.7-0

LSPCLK

Frame

Format and Mode

Parity

SCICCR.6

SCICCR.5

Even/Odd

Enable

SCICTL1.3

TXWAKE

WUT

RXENA

SCICTL2.6

TXEMPTY

RXFFOVF

SCICTL2.7

TXRDY SCICTL2.0

TXINTENA

SCIRXST.6

RXRDY

SCIRXST.5

BRKDT

SCICTL2.1

RXBKINTENA

TX Interrupt 

Logic

RX Interrupt 

Logic

SCIRXST.7

RXERROR

SCICTL1.6

RXERRINTENA

SCI RX Interrupt Select Logic

8

8

8

8

8

8

0 1

0 1

0 1

0 1

SCIFFENA

SCIFFTX.14

RXWAKE

SCIRXST.1

Auto Baud Detect Logic

TXINT

To CPU

RXINT

To CPU

SCIRXD

BRKDT FE OE PE

SCIRXST.5-2

8

SCICTL1.0

SCIFFRX.15

SCI TX Interrupt Select Logic

SCITXD

SCICTL1.1

TXENA

)LJXUH�������6&,�%ORFN�'LDJUDP

ZZZ�WL�FRP
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�������6HULDO�3HULSKHUDO�,QWHUIDFH��63,�

7KH�VHULDO�SHULSKHUDO�LQWHUIDFH��63,��LV�D�KLJK�VSHHG�V\QFKURQRXV�VHULDO�LQSXW�DQG�RXWSXW��,�2��SRUW�WKDW�DOORZV�D�
VHULDO�ELW�VWUHDP�RI�SURJUDPPHG�OHQJWK����WR����ELWV��WR�EH�VKLIWHG�LQWR�DQG�RXW�RI�WKH�GHYLFH�DW�D�SURJUDPPHG�ELW�
WUDQVIHU�UDWH��7KH�63,�LV�QRUPDOO\�XVHG�IRU�FRPPXQLFDWLRQV�EHWZHHQ�WKH�0&8�FRQWUROOHU�DQG�H[WHUQDO�SHULSKHUDOV�
RU� DQRWKHU� FRQWUROOHU�� 7\SLFDO� DSSOLFDWLRQV� LQFOXGH� H[WHUQDO� ,�2� RU� SHULSKHUDO� H[SDQVLRQ� WKURXJK� GHYLFHV� VXFK�
DV� VKLIW� UHJLVWHUV�� GLVSOD\� GULYHUV�� DQG� DQDORJ�WR�GLJLWDO� FRQYHUWHUV� �$'&V��� 0XOWLGHYLFH� FRPPXQLFDWLRQV� DUH�
VXSSRUWHG�E\�WKH�PDVWHU�RU�VODYH�RSHUDWLRQ�RI�WKH�63,��7KH�SRUW�VXSSRUWV�D����OHYHO��UHFHLYH�DQG�WUDQVPLW�),)2�
IRU�UHGXFLQJ�&38�VHUYLFLQJ�RYHUKHDG�

7KH�63,�PRGXOH�IHDWXUHV�LQFOXGH�
� 63,620,��63,�VODYH�RXWSXW�PDVWHU�LQSXW�SLQ
� 63,6,02��63,�VODYH�LQSXW�PDVWHU�RXWSXW�SLQ
� 63,67(��63,�VODYH�WUDQVPLW�HQDEOH�SLQ
� 63,&/.��63,�VHULDO�FORFN�SLQ
� 7ZR�RSHUDWLRQDO�PRGHV��0DVWHU�DQG�6ODYH
� %DXG�UDWH������GLIIHUHQW�SURJUDPPDEOH�UDWHV��7KH�PD[LPXP�EDXG�UDWH�WKDW�FDQ�EH�HPSOR\HG�LV�OLPLWHG�E\�WKH�

PD[LPXP�VSHHG�RI�WKH�,�2�EXIIHUV�XVHG�RQ�WKH�63,�SLQV�
� 'DWD�ZRUG�OHQJWK����WR����GDWD�ELWV
� )RXU�FORFNLQJ�VFKHPHV��FRQWUROOHG�E\�FORFN�SRODULW\�DQG�FORFN�SKDVH�ELWV��LQFOXGH�

± )DOOLQJ�HGJH�ZLWKRXW�SKDVH�GHOD\��63,&/.�DFWLYH�KLJK��63,�WUDQVPLWV�GDWD�RQ�WKH�IDOOLQJ�HGJH�RI�WKH�
63,&/.�VLJQDO�DQG�UHFHLYHV�GDWD�RQ�WKH�ULVLQJ�HGJH�RI�WKH�63,&/.�VLJQDO�

± )DOOLQJ�HGJH�ZLWK�SKDVH�GHOD\��63,&/.�DFWLYH�KLJK��63,�WUDQVPLWV�GDWD�RQH�KDOI�F\FOH�DKHDG�RI�WKH�IDOOLQJ�
HGJH�RI�WKH�63,&/.�VLJQDO�DQG�UHFHLYHV�GDWD�RQ�WKH�IDOOLQJ�HGJH�RI�WKH�63,&/.�VLJQDO�

± 5LVLQJ�HGJH�ZLWKRXW�SKDVH�GHOD\��63,&/.�LQDFWLYH�ORZ��63,�WUDQVPLWV�GDWD�RQ�WKH�ULVLQJ�HGJH�RI�WKH�
63,&/.�VLJQDO�DQG�UHFHLYHV�GDWD�RQ�WKH�IDOOLQJ�HGJH�RI�WKH�63,&/.�VLJQDO�

± 5LVLQJ�HGJH�ZLWK�SKDVH�GHOD\��63,&/.�LQDFWLYH�ORZ��63,�WUDQVPLWV�GDWD�RQH�KDOI�F\FOH�DKHDG�RI�WKH�ULVLQJ�
HGJH�RI�WKH�63,&/.�VLJQDO�DQG�UHFHLYHV�GDWD�RQ�WKH�ULVLQJ�HGJH�RI�WKH�63,&/.�VLJQDO�

� 6LPXOWDQHRXV�UHFHLYH�DQG�WUDQVPLW�RSHUDWLRQ��WUDQVPLW�IXQFWLRQ�FDQ�EH�GLVDEOHG�LQ�VRIWZDUH�
� 7UDQVPLWWHU�DQG�UHFHLYHU�RSHUDWLRQV�DUH�DFFRPSOLVKHG�WKURXJK�HLWKHU�LQWHUUXSW�GULYHQ�RU�SROOHG�DOJRULWKP
� ���OHYHO�WUDQVPLW�UHFHLYH�),)2
� '0$�VXSSRUW
� +LJK�VSHHG�PRGH
� 'HOD\HG�WUDQVPLW�FRQWURO
� ��ZLUH�63,�PRGH
� 63,67(�LQYHUVLRQ�IRU�GLJLWDO�DXGLR�LQWHUIDFH�UHFHLYH�PRGH�RQ�GHYLFHV�ZLWK�WZR�63,�PRGXOHV

)LJXUH������VKRZV�WKH�63,�&38�LQWHUIDFHV�
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���������63,�0DVWHU�0RGH�7LPLQJV

7KH�IROORZLQJ�VHFWLRQ�FRQWDLQV�WKH�63,�0DVWHU�0RGH�7LPLQJV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�63,�LQ�+LJK�6SHHG�
PRGH�� VHH� WKH� 6HULDO� 3HULSKHUDO� ,QWHUIDFH� �63,�� FKDSWHU� RI� WKH� 706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO��

1RWH

$OO� WLPLQJ� SDUDPHWHUV� IRU� 63,� +LJK�6SHHG� 0RGH� DVVXPH� D� ORDG� FDSDFLWDQFH� RI� �� S)� RQ� 63,&/.��
63,6,02��DQG�63,620,�

�����������63,�0DVWHU�0RGH�7LPLQJ�5HTXLUHPHQWV

12� �%55��������� 0,1 0$; 81,7

+LJK�6SHHG�0RGH

� WVX�620,�0 6HWXS�WLPH��63,620,�YDOLG�EHIRUH�63,&/. (YHQ��2GG � QV

� WK�620,�0 +ROG�WLPH��63,620,�YDOLG�DIWHU�63,&/. (YHQ��2GG ��� QV

1RUPDO�0RGH

� WVX�620,�0 6HWXS�WLPH��63,620,�YDOLG�EHIRUH�63,&/. (YHQ��2GG �� QV

� WK�620,�0 +ROG�WLPH��63,620,�YDOLG�DIWHU�63,&/. (YHQ��2GG � QV

��� 7KH��%55������FRQGLWLRQ�LV�(YHQ�ZKHQ��63,%55������LV�HYHQ�RU�63,%55�LV���RU����,W�LV�2GG�ZKHQ��63,%55������LV�RGG�DQG�63,%55�LV�
JUHDWHU�WKDQ���
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706���)������&��706���)������&�4�
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��� 6XEPLW�'RFXPHQW�)HHGEDFN &RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG
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�����������63,�0DVWHU�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV��&ORFN�3KDVH� ���

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5������� �%55�������� 0,1 0$; 81,7

*HQHUDO

� WF�63&�0 &\FOH�WLPH��63,&/.
(YHQ �WF�/63&/.� ���WF�/63&/.�

QV
2GG �WF�/63&/.� ���WF�/63&/.�

� WZ�63&��0 3XOVH�GXUDWLRQ��63,&/.��ILUVW�SXOVH

(YHQ ���WF�63&�0�±�� ���WF�63&�0����

QV
2GG ���WF�63&�0������WF�/63&/.��±��

���WF�63&�0���
���WF�/63&/.�����

� WZ�63&��0 3XOVH�GXUDWLRQ��63,&/.��VHFRQG�SXOVH

(YHQ ���WF�63&�0�±�� ���WF�63&�0����

QV
2GG ���WF�63&�0�±����WF�/63&/.��±��

���WF�63&�0�±�
���WF�/63&/.�����

�� WG�63&�0 'HOD\�WLPH��63,67(�DFWLYH�WR�63,&/.

(YHQ ���WF�63&�0�±��WF�6<6&/.��±��
���WF�63&�0�±�

�WF�6<6&/.�����
QV

2GG ���WF�63&�0�±��WF�6<6&/.��±��
���WF�63&�0�±�

�WF�6<6&/.�����

�� WY�67(�0 9DOLG�WLPH��63,&/.�WR�63,67(�LQDFWLYH

(YHQ ���WF�63&�0�±�� ���WF�63&�0����

QV
2GG ���WF�63&�0�±����WF�/63&/.��±��

���WF�63&�0�±�
���WF�/63&/.�����

+LJK�6SHHG�0RGH

� WG�6,02�0 'HOD\�WLPH��63,&/.�WR�63,6,02�YDOLG (YHQ��2GG � QV

� WY�6,02�0
9DOLG�WLPH��63,6,02�YDOLG�DIWHU�
63,&/.

(YHQ ���WF�63&�0�±��
QV

2GG ���WF�63&�0�±����WF�/63&/.��±��

1RUPDO�0RGH

� WG�6,02�0 'HOD\�WLPH��63,&/.�WR�63,6,02�YDOLG (YHQ��2GG � QV

� WY�6,02�0
9DOLG�WLPH��63,6,02�YDOLG�DIWHU�
63,&/.

(YHQ ���WF�63&�0�±��
QV

2GG ���WF�63&�0�±����WF�/63&/.��±��

��� ���S)�ORDG�RQ�SLQ�IRU�+LJK�6SHHG�0RGH�
��� ���S)�ORDG�RQ�SLQ�IRU�1RUPDO�0RGH�
��� 7KH��%55������FRQGLWLRQ�LV�(YHQ�ZKHQ��63,%55������LV�HYHQ�RU�63,%55�LV���RU����,W�LV�2GG�ZKHQ��63,%55������LV�RGG�DQG�63,%55�LV�

JUHDWHU�WKDQ���

ZZZ�WL�FRP
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�����������63,�0DVWHU�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV��&ORFN�3KDVH� ���

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5������� �%55������ 0,1 0$; 81,7

*HQHUDO

� WF�63&�0 &\FOH�WLPH��63,&/.
(YHQ �WF�/63&/.� ���WF�/63&/.�

QV
2GG �WF�/63&/.� ���WF�/63&/.�

� WZ�63&+�0 3XOVH�GXUDWLRQ��63,&/.��ILUVW�SXOVH

(YHQ ���WF�63&�0�±�� ���WF�63&�0����

QV
2GG ���WF�63&�0�±����WF�/63&/.��±��

���WF�63&�0�±�
���WF�/63&/.�����

� WZ�63&��0 3XOVH�GXUDWLRQ��63,&/.��VHFRQG�SXOVH

(YHQ ���WF�63&�0�±�� ���WF�63&�0����

QV
2GG ���WF�63&�0������WF�/63&/.��±��

���WF�63&�0���
���WF�/63&/.�����

�� WG�63&�0 'HOD\�WLPH��63,67(�YDOLG�WR�63,&/. (YHQ��2GG �WF�63&�0�±��WF�6<6&/.��±��
�WF�63&�0�±�

�WF�6<6&/.�����
QV

�� WG�67(�0 'HOD\�WLPH��63,&/.�WR�63,67(�LQYDOLG
(YHQ ±� �

QV
2GG ±� �

+LJK�6SHHG�0RGH

� WG�6,02�0 'HOD\�WLPH��63,6,02�YDOLG�WR�63,&/.
(YHQ ���WF�63&�0�±��

QV
2GG ���WF�63&�0������WF�/63&/.��±��

� WY�6,02�0
9DOLG�WLPH��63,6,02�YDOLG�DIWHU�
63,&/.

(YHQ ���WF�63&�0�±��
QV

2GG ���WF�63&�0�±����WF�/63&/.��±��

1RUPDO�0RGH

� WG�6,02�0 'HOD\�WLPH��63,6,02�YDOLG�WR�63,&/.
(YHQ ���WF�63&�0�±��

QV
2GG ���WF�63&�0������WF�/63&/.��±��

� WY�6,02�0
9DOLG�WLPH��63,6,02�YDOLG�DIWHU�
63,&/.

(YHQ ���WF�63&�0�±��
QV

2GG ���WF�63&�0�±����WF�/63&/.��±��

��� ���S)�ORDG�RQ�SLQ�IRU�+LJK�6SHHG�0RGH�
��� ���S)�ORDG�RQ�SLQ�IRU�1RUPDO�0RGH�
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�����������63,�0DVWHU�0RGH�7LPLQJ�'LDJUDPV

9

4
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SPISIMO

SPICLK

(clock polarity = 1)

SPICLK

(clock polarity = 0)

Master In Data
Must Be Valid

8

Master Out Data Is Valid

3

2

1
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(A)

5

23 24

$� 2Q�WKH�WUDLOLQJ�HQG�RI�WKH�ZRUG��63,67(�ZLOO�JR�LQDFWLYH�H[FHSW�EHWZHHQ�EDFN�WR�EDFN�WUDQVPLW�ZRUGV�LQ�ERWK�),)2�DQG�QRQ�),)2�

PRGHV�

)LJXUH�������63,�0DVWHU�0RGH�([WHUQDO�7LPLQJ��&ORFN�3KDVH� ���

9

SPISOMI

SPISIMO

SPICLK

(clock polarity = 1)

SPICLK

(clock polarity = 0)

Master In Data Must
Be Valid

Master Out Data Is Valid

1

5

4

8

3

2

23
24

SPISTE
(A)

$� 2Q�WKH�WUDLOLQJ�HQG�RI�WKH�ZRUG��63,67(�ZLOO�JR�LQDFWLYH�H[FHSW�EHWZHHQ�EDFN�WR�EDFN�WUDQVPLW�ZRUGV�LQ�ERWK�),)2�DQG�QRQ�),)2�

PRGHV�
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���������63,�6ODYH�0RGH�7LPLQJV

7KH�IROORZLQJ�VHFWLRQ�FRQWDLQV�WKH�63,�6ODYH�0RGH�7LPLQJV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�63,�LQ�+LJK�6SHHG�
PRGH�� VHH� WKH� 6HULDO� 3HULSKHUDO� ,QWHUIDFH� �63,�� FKDSWHU� RI� WKH� 706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�

�����������63,�6ODYH�0RGH�7LPLQJ�5HTXLUHPHQWV

12� 0,1 0$; 81,7

�� WF�63&�6 &\FOH�WLPH��63,&/. �WF�6<6&/.� QV

�� WZ�63&��6 3XOVH�GXUDWLRQ��63,&/.��ILUVW�SXOVH �WF�6<6&/.��±�� QV

�� WZ�63&��6 3XOVH�GXUDWLRQ��63,&/.��VHFRQG�SXOVH �WF�6<6&/.��±�� QV

�� WVX�6,02�6 6HWXS�WLPH��63,6,02�YDOLG�EHIRUH�63,&/. ���WF�6<6&/.� QV

�� WK�6,02�6 +ROG�WLPH��63,6,02�YDOLG�DIWHU�63,&/. ���WF�6<6&/.� QV

�� WVX�67(�6

6HWXS�WLPH��63,67(�YDOLG�EHIRUH�63,&/.�
�&ORFN�3KDVH� ���

�WF�6<6&/.������ QV

6HWXS�WLPH��63,67(�YDOLG�EHIRUH�63,&/.�
�&ORFN�3KDVH� ���

�WF�6<6&/.������ QV

�� WK�67(�6 +ROG�WLPH��63,67(�LQYDOLG�DIWHU�63,&/. ���WF�6<6&/.� QV

�����������63,�6ODYH�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�UHFRPPHQGHG�RSHUDWLQJ�FRQGLWLRQV��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5��� 0,1 0$; 81,7

�� WG�620,�6 'HOD\�WLPH��63,&/.�WR�63,620,�YDOLG �� QV

�� WY�620,�6 9DOLG�WLPH��63,620,�YDOLG�DIWHU�63,&/. � QV

��� ���S)�ORDG�RQ�SLQ�
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�����������63,�6ODYH�0RGH�7LPLQJ�'LDJUDPV

20
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SPISIMO

SPISOMI

SPICLK

(clock polarity = 1)

SPICLK

(clock polarity = 0)

SPISIMO Data
Must Be Valid

SPISOMI Data Is Valid
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25

16
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20
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SPISOMI

SPICLK

(clock polarity = 1)

SPICLK

(clock polarity = 0)

SPISIMO Data
Must Be Valid

SPISOMI Data Is Valid

19 16

15

SPISTE

Data ValidData Valid

1413

12

25 26

)LJXUH�������63,�6ODYH�0RGH�([WHUQDO�7LPLQJ��&ORFN�3KDVH� ���

ZZZ�WL�FRP
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�������/RFDO�,QWHUFRQQHFW�1HWZRUN��/,1�

7KLV� GHYLFH� FRQWDLQV� RQH� /RFDO� ,QWHUFRQQHFW� 1HWZRUN� �/,1��PRGXOH�� 7KH� /,1�PRGXOH� DGKHUHV� WR� WKH� /,1� ����
VWDQGDUG� DV� GHILQHG� E\� WKH� /,1� 6SHFLILFDWLRQ� 3DFNDJH� 5HYLVLRQ� ����� 7KH� /,1� LV� D� ORZ�FRVW� VHULDO� LQWHUIDFH�
GHVLJQHG� IRU� DSSOLFDWLRQV� ZKHUH� WKH� &$1� SURWRFRO� PD\� EH� WRR� H[SHQVLYH� WR� LPSOHPHQW�� VXFK� DV� VPDOO�
VXEQHWZRUNV�IRU�FDELQ�FRPIRUW�IXQFWLRQV�OLNH�LQWHULRU�OLJKWLQJ�RU�ZLQGRZ�FRQWURO�LQ�DQ�DXWRPRWLYH�DSSOLFDWLRQ�

7KH�/,1� VWDQGDUG� LV� EDVHG�RQ� WKH�6&,� �8$57�� VHULDO� GDWD� OLQN� IRUPDW�� 7KH� FRPPXQLFDWLRQ� FRQFHSW� LV� VLQJOH�
PDVWHU�DQG�PXOWLSOH�VODYH�ZLWK�D�PHVVDJH�LGHQWLILFDWLRQ�IRU�PXOWLFDVW�WUDQVPLVVLRQ�EHWZHHQ�DQ\�QHWZRUN�QRGHV�

7KH�/,1�PRGXOH�FDQ�EH�SURJUDPPHG�WR�ZRUN�HLWKHU�DV�DQ�6&,�RU�DV�D�/,1�DV�WKH�FRUH�RI�WKH�PRGXOH�LV�DQ�6&,��
7KH�KDUGZDUH� IHDWXUHV�RI� WKH�6&,�DUH�DXJPHQWHG� WR�DFKLHYH�/,1�FRPSDWLELOLW\��7KH�6&,�PRGXOH� LV�D�XQLYHUVDO�
DV\QFKURQRXV�UHFHLYHU�WUDQVPLWWHU��8$57��WKDW�LPSOHPHQWV�WKH�VWDQGDUG�QRQ�UHWXUQ�WR�]HUR�IRUPDW�

7KRXJK�WKH�UHJLVWHUV�DUH�FRPPRQ�IRU�/,1�DQG�6&,��WKH�UHJLVWHU�GHVFULSWLRQV�KDYH�QRWHV�WR�LGHQWLI\�WKH�UHJLVWHU�ELW�
XVDJH�LQ�GLIIHUHQW�PRGHV��%HFDXVH�RI� WKLV��FRGH�ZULWWHQ�IRU� WKLV�PRGXOH�FDQQRW�EH�GLUHFWO\�SRUWHG�WR�WKH�VWDQG�
DORQH�6&,�PRGXOH�DQG�YLFH�YHUVD�

7KH�/,1�PRGXOH�KDV�WKH�IROORZLQJ�IHDWXUHV�
� &RPSDWLELOLW\�ZLWK�/,1����������DQG�����SURWRFROV
� &RQILJXUDEOH�EDXG�UDWH�XS�WR����NESV��DV�SHU�/,1�����SURWRFRO�
� 7ZR�H[WHUQDO�SLQV��/,15;�DQG�/,17;
� 0XOWLEXIIHUHG�UHFHLYH�DQG�WUDQVPLW�XQLWV
� ,GHQWLILFDWLRQ�PDVNV�IRU�PHVVDJH�ILOWHULQJ
� $XWRPDWLF�PDVWHU�KHDGHU�JHQHUDWLRQ

± 3URJUDPPDEOH�V\QFKURQL]DWLRQ�EUHDN�ILHOG
± 6\QFKURQL]DWLRQ�ILHOG
± ,GHQWLILHU�ILHOG

� 6ODYH�DXWRPDWLF�V\QFKURQL]DWLRQ
± 6\QFKURQL]DWLRQ�EUHDN�GHWHFWLRQ
± 2SWLRQDO�EDXG�UDWH�XSGDWH
± 6\QFKURQL]DWLRQ�YDOLGDWLRQ

� ����SURJUDPPDEOH�WUDQVPLVVLRQ�UDWHV�ZLWK���IUDFWLRQDO�ELWV
� :DNHXS�RQ�/,15;�GRPLQDQW�OHYHO�IURP�WUDQVFHLYHU
� $XWRPDWLF�ZDNHXS�VXSSRUW

± :DNHXS�VLJQDO�JHQHUDWLRQ
± ([SLUDWLRQ�WLPHV�RQ�ZDNHXS�VLJQDOV

� $XWRPDWLF�EXV�LGOH�GHWHFWLRQ
� (UURU�GHWHFWLRQ

± %LW�HUURU
± %XV�HUURU
± 1R�UHVSRQVH�HUURU
± &KHFNVXP�HUURU
± 6\QFKURQL]DWLRQ�ILHOG�HUURU
± 3DULW\�HUURU

� &DSDELOLW\�WR�XVH�GLUHFW�PHPRU\�DFFHVV��'0$��IRU�WUDQVPLW�DQG�UHFHLYH�GDWD
� 7ZR�LQWHUUXSW�OLQHV�ZLWK�SULRULW\�HQFRGLQJ�IRU�

± 5HFHLYH
± 7UDQVPLW
± ,'��HUURU��DQG�VWDWXV

� 6XSSRUW�IRU�/,1�����FKHFNVXP
� (QKDQFHG�V\QFKURQL]HU�ILQLWH�VWDWH�PDFKLQH��)60��VXSSRUW�IRU�IUDPH�SURFHVVLQJ
� (QKDQFHG�KDQGOLQJ�RI�H[WHQGHG�IUDPHV
� (QKDQFHG�EDXG�UDWH�JHQHUDWRU
� 8SGDWH�ZDNHXS�JR�WR�VOHHS
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INTERFACE

CHECKSUM
CALCULATOR

TXRX ERROR
DETECTOR (TED)

BIT
MONITOR

ID PARTY
CHECKER

MASK
FILTER

TIME-OUT
CONTROL

COUNTER

SYNCHRONIZER

FSM

COMPARE

ADDRESS BUS

READ DATA BUS

WRITE DATA BUS

8 RECEIVE
BUFFERS

DMA
CONTROL

8 TRANSMIT
BUFFERS

LINRX/
SCIRX

LINTX/
SCITX

)LJXUH�������/,1�%ORFN�'LDJUDP

ZZZ�WL�FRP
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�������)DVW�6HULDO�,QWHUIDFH��)6,�

7KH� )DVW� 6HULDO� ,QWHUIDFH� �)6,�� PRGXOH� LV� D� VHULDO� FRPPXQLFDWLRQ� SHULSKHUDO� FDSDEOH� RI� UHOLDEOH� DQG� UREXVW�
KLJK�VSHHG� FRPPXQLFDWLRQV�� 7KH�)6,� LV� GHVLJQHG� WR� HQVXUH� GDWD� UREXVWQHVV� DFURVV�PDQ\� V\VWHP� FRQGLWLRQV�
VXFK� DV� FKLS�WR�FKLS� DV� ZHOO� DV� ERDUG�WR�ERDUG� DFURVV� DQ� LVRODWLRQ� EDUULHU�� 3D\ORDG� LQWHJULW\� FKHFNV� VXFK� DV�
&5&�� VWDUW�� DQG� HQG�RI�IUDPH�SDWWHUQV�� DQG� XVHU�GHILQHG� WDJV�� DUH� HQFRGHG� EHIRUH� WUDQVPLW� DQG� WKHQ� YHULILHG�
DIWHU� UHFHLSW�ZLWKRXW�DGGLWLRQDO�&38� LQWHUDFWLRQ��/LQH�EUHDNV�FDQ�EH�GHWHFWHG�XVLQJ�SHULRGLF� WUDQVPLVVLRQV��DOO�
PDQDJHG�DQG�PRQLWRUHG�E\�KDUGZDUH��7KH�)6,� LV� DOVR� WLJKWO\� LQWHJUDWHG�ZLWK� RWKHU� FRQWURO� SHULSKHUDOV� RQ� WKH�
GHYLFH��7R�HQVXUH�WKDW�WKH�ODWHVW�VHQVRU�GDWD�RU�FRQWURO�SDUDPHWHUV�DUH�DYDLODEOH��IUDPHV�FDQ�EH�WUDQVPLWWHG�RQ�
HYHU\�FRQWURO� ORRS�SHULRG��$Q� LQWHJUDWHG�VNHZ�FRPSHQVDWLRQ�EORFN�KDV�EHHQ�DGGHG�RQ� WKH� UHFHLYHU� WR�KDQGOH�
VNHZ� WKDW� PD\� RFFXU� EHWZHHQ� WKH� FORFN� DQG� GDWD� VLJQDOV� GXH� WR� D� YDULHW\� RI� IDFWRUV�� LQFOXGLQJ� WUDFH�OHQJWK�
PLVPDWFK�DQG�VNHZV� LQGXFHG�E\�DQ� LVRODWLRQ�FKLS��:LWK�HPEHGGHG�GDWD� UREXVWQHVV�FKHFNV��GDWD�OLQN� LQWHJULW\�
FKHFNV�� VNHZ� FRPSHQVDWLRQ�� DQG� LQWHJUDWLRQ� ZLWK� FRQWURO� SHULSKHUDOV�� WKH� )6,� FDQ� HQDEOH� KLJK�VSHHG�� UREXVW�
FRPPXQLFDWLRQ�LQ�DQ\�V\VWHP��7KHVH�DQG�PDQ\�RWKHU�IHDWXUHV�RI�WKH�)6,�IROORZ�

7KH�)6,�PRGXOH�LQFOXGHV�WKH�IROORZLQJ�IHDWXUHV�
� ,QGHSHQGHQW�WUDQVPLWWHU�DQG�UHFHLYHU�FRUHV
� 6RXUFH�V\QFKURQRXV�WUDQVPLVVLRQ
� 'XDO�GDWD�UDWH��''5�
� 2QH�RU�WZR�GDWD�OLQHV
� 3URJUDPPDEOH�GDWD�OHQJWK
� 6NHZ�DGMXVWPHQW�EORFN�WR�FRPSHQVDWH�IRU�ERDUG�DQG�V\VWHP�GHOD\�PLVPDWFKHV
� )UDPH�HUURU�GHWHFWLRQ
� 3URJUDPPDEOH�IUDPH�WDJJLQJ�IRU�PHVVDJH�ILOWHULQJ
� +DUGZDUH�SLQJ�WR�GHWHFW�OLQH�EUHDNV�GXULQJ�FRPPXQLFDWLRQ��SLQJ�ZDWFKGRJ�
� 7ZR�LQWHUUXSWV�SHU�)6,�FRUH
� ([WHUQDOO\�WULJJHUHG�IUDPH�JHQHUDWLRQ
� +DUGZDUH��RU�VRIWZDUH�FDOFXODWHG�&5&
� (PEHGGHG�(&&�FRPSXWDWLRQ�PRGXOH
� 5HJLVWHU�ZULWH�SURWHFWLRQ
� '0$�VXSSRUW
� 63,�FRPSDWLELOLW\�PRGH��OLPLWHG�IHDWXUHV�DYDLODEOH�

2SHUDWLQJ�WKH�)6,�DW�PD[LPXP�VSHHG�����0+]��DW�GXDO�GDWD�UDWH������0ESV��PD\�UHTXLUH�WKH�LQWHJUDWHG�VNHZ�
FRPSHQVDWLRQ� EORFN� WR� EH� FRQILJXUHG�DFFRUGLQJ� WR� WKH� VSHFLILF� RSHUDWLQJ� FRQGLWLRQV� RQ� D� FDVH�E\�FDVH�EDVLV��
7KH�)DVW�6HULDO� ,QWHUIDFH� �)6,��6NHZ�&RPSHQVDWLRQ�$SSOLFDWLRQ�5HSRUW�SURYLGHV�H[DPSOH�VRIWZDUH�RQ�KRZ� WR�
FRQILJXUH�DQG�VHW�XS�WKH�LQWHJUDWHG�VNHZ�FRPSHQVDWLRQ�EORFN�RQ�WKH�)DVW�6HULDO�,QWHUIDFH�

7KH�)6,�FRQVLVWV�RI�LQGHSHQGHQW�WUDQVPLWWHU��)6,7;��DQG�UHFHLYHU��)6,5;��FRUHV��7KH�)6,7;�DQG�)6,5;�FRUHV�
DUH�FRQILJXUHG�DQG�RSHUDWHG�LQGHSHQGHQWO\��7KH�IHDWXUHV�DYDLODEOH�RQ�WKH�)6,7;�DQG�)6,5;�DUH�GHVFULEHG�LQ�WKH�
)6,�7UDQVPLWWHU�VHFWLRQ�DQG�WKH�)6,�5HFHLYHU�VHFWLRQ��UHVSHFWLYHO\�
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���������)6,�7UDQVPLWWHU

7KH�)6,� WUDQVPLWWHU�PRGXOH�KDQGOHV�WKH�IUDPLQJ�RI�GDWD��&5&�JHQHUDWLRQ��VLJQDO�JHQHUDWLRQ�RI�7;&/.��7;'���
DQG�7;'��� DV�ZHOO� DV� LQWHUUXSW� JHQHUDWLRQ��7KH�RSHUDWLRQ�RI� WKH� WUDQVPLWWHU� FRUH� LV� FRQWUROOHG�DQG� FRQILJXUHG�
WKURXJK� SURJUDPPDEOH� FRQWURO� UHJLVWHUV�� 7KH� WUDQVPLWWHU� FRQWURO� UHJLVWHUV� OHW� WKH� &38� SURJUDP�� FRQWURO�� DQG�
PRQLWRU�WKH�RSHUDWLRQ�RI�WKH�)6,�WUDQVPLWWHU��7KH�WUDQVPLW�GDWD�EXIIHU�LV�DFFHVVLEOH�E\�WKH�&38�DQG�WKH�'0$�

7KH�WUDQVPLWWHU�KDV�WKH�IROORZLQJ�IHDWXUHV�
� $XWRPDWHG�SLQJ�IUDPH�JHQHUDWLRQ
� ([WHUQDOO\�WULJJHUHG�SLQJ�IUDPHV
� ([WHUQDOO\�WULJJHUHG�GDWD�IUDPHV
� 6RIWZDUH�FRQILJXUDEOH�IUDPH�OHQJWKV
� ���ZRUG�GDWD�EXIIHU
� 'DWD�EXIIHU�XQGHUUXQ�DQG�RYHUUXQ�GHWHFWLRQ
� +DUGZDUH�JHQHUDWHG�&5&�RQ�GDWD�ELWV
� 6RIWZDUH�(&&�FDOFXODWLRQ�RQ�VHOHFW�GDWD
� '0$�VXSSRUW

)LJXUH������VKRZV�WKH�)6,7;�&38�LQWHUIDFH��)LJXUH������VKRZV�WKH�KLJK�OHYHO�EORFN�GLDJUDP�RI�WKH�)6,7;��1RW�
DOO�GDWD�SDWKV�DQG� LQWHUQDO�FRQQHFWLRQV�DUH�VKRZQ��7KLV�GLDJUDP�SURYLGHV�D�KLJK�OHYHO�RYHUYLHZ�RI� WKH� LQWHUQDO�
PRGXOHV�SUHVHQW�LQ�WKH�)6,7;�
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SYSRSN

SYSCLK

PLLRAWCLK

FSITXyINT1

FSITXyINT2

FSITXyCLK

FSITXyD0

FSITXyD1

FSITXyDMA

$� 7KH�VLJQDOV�FRQQHFWHG�WR�WKH�WULJJHU�PX[HV�DUH�GHVFULEHG�LQ�WKH�([WHUQDO�)UDPH�7ULJJHU�0X[�VHFWLRQ�RI�WKH�)DVW�6HULDO�,QWHUIDFH��)6,��
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Control Registers, 

Interrupt Management

Ping Time-out Counter

Transmit Data 

Buffer

ECC Logic

Transmitter Core

Register Interface

External Frame Triggers

PLLRAWCLK

SYSRSN

SYSCLK

TXCLK

TXD0

TXD1

Core Reset

Transmit Clock 

Generator

FSITXINT1

FSITXINT2

FSITX_DMA_EVT

TXCLKIN

FSITX

FSI Mode:

TXCLK = TXCLKIN/2

SPI Signaling Mode:

TXCLK = TXCLKIN

)LJXUH�������)6,7;�%ORFN�'LDJUDP

�����������)6,7;�(OHFWULFDO�'DWD�DQG�7LPLQJ

�������������)6,7;�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5��� 0,1 0$; 81,7

� WF�7;&/.� &\FOH�WLPH��7;&/. ����� QV

� WZ�7;&/.� 3XOVH�ZLGWK��7;&/.�ORZ�RU�7;&/.�KLJK ����WF�7;&/.���±�� ����WF�7;&/.������ QV

� WG�7;&/.±7;'�
'HOD\�WLPH��7;&/.�ULVLQJ�RU�IDOOLQJ�WR7;'�
YDOLG

�����WF�7;&/.���±�� �����WF�7;&/.������ QV

� WG�7;&/.�
7;&/.�GHOD\�FRPSHQVDWLRQ�DW�
7;B'/</,1(B&75/>7;&/.B'/<@ ��

���� �� QV

� WG�7;'��
7;'��GHOD\�FRPSHQVDWLRQ�DW�
7;B'/</,1(B&75/>7;'�B'/<@ ��

���� �� QV

� WG�7;'��
7;'��GHOD\�FRPSHQVDWLRQ�DW�
7;B'/</,1(B&75/>7;'�B'/<@ ��

���� �� QV

� WG�'(/$<B(/(0(17�
,QFUHPHQWDO�GHOD\�RI�HDFK�GHOD\�OLQH�HOHPHQW�
IRU�7;&/.��7;'���DQG�7;'�

��� � QV

7'0� WVNHZ�7'0B&/.�7'0B'[��
'HOD\�VNHZ�LQWURGXFHG�EHWZHHQ�7;&/.�
7'0B&/.�GHOD\�DQG�7;'[�7'0B'[�GHOD\V

���� ��� QV

��� ���S)�ORDG�RQ�SLQ�
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FSITXCLK

FSITXD0

FSITXD1

1

2

3

)LJXUH�������)6,7;�7LPLQJV
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���������)6,�5HFHLYHU

7KH� UHFHLYHU�PRGXOH� LQWHUIDFHV� WR� WKH� )6,� FORFN� �5;&/.��� DQG� GDWD� OLQHV� �5;'�� DQG�5;'��� DIWHU� WKH\� SDVV�
WKURXJK�DQ�RSWLRQDO�SURJUDPPDEOH�GHOD\� OLQH��7KH� UHFHLYHU�FRUH�KDQGOHV� WKH�GDWD� IUDPLQJ��&5&�FRPSXWDWLRQ��
DQG�IUDPH�UHODWHG�HUURU�FKHFNLQJ��7KH�UHFHLYHU�ELW�FORFN�DQG�VWDWH�PDFKLQH�DUH�UXQ�E\�WKH�5;&/.�LQSXW��ZKLFK�LV�
DV\QFKURQRXV�WR�WKH�GHYLFH�V\VWHP�FORFN�

7KH�UHFHLYHU�FRQWURO�UHJLVWHUV�OHW�WKH�&38�SURJUDP��FRQWURO��DQG�PRQLWRU�WKH�RSHUDWLRQ�RI�WKH�)6,5;��7KH�UHFHLYH�
GDWD�EXIIHU�LV�DFFHVVLEOH�E\�WKH�&38��+,&��DQG�WKH�'0$�

7KH�UHFHLYHU�FRUH�KDV�WKH�IROORZLQJ�IHDWXUHV�
� ���ZRUG�GDWD�EXIIHU
� 0XOWLSOH�VXSSRUWHG�IUDPH�W\SHV
� 3LQJ�IUDPH�ZDWFKGRJ
� )UDPH�ZDWFKGRJ
� &5&�FDOFXODWLRQ�DQG�FRPSDULVRQ�LQ�KDUGZDUH
� (&&�GHWHFWLRQ
� 3URJUDPPDEOH�GHOD\�OLQH�FRQWURO�RQ�LQFRPLQJ�VLJQDOV
� '0$�VXSSRUW
� 63,�FRPSDWLELOLW\�PRGH

)LJXUH������VKRZV�WKH�)6,5;�&38�LQWHUIDFH��)LJXUH������SURYLGHV�D�KLJK�OHYHO�RYHUYLHZ�RI�WKH�LQWHUQDO�PRGXOHV�
SUHVHQW�LQ�WKH�)6,5;��1RW�DOO�GDWD�SDWKV�DQG�LQWHUQDO�FRQQHFWLRQV�DUH�VKRZQ�
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Control Registers, 

Interrupt Management

Frame Watchdog

Ping Watchdog

Receive Data

Buffer

ECC Check

Logic

Receiver Core

Register Interface

Skew

Control

RXCLK

RXD0

RXD1

Core Reset

FSIRXINT1

FSIRXINT2

FSIRX_DMA_EVT

SYSCLK

SYSRSn
FSIRX

)LJXUH�������)6,5;�%ORFN�'LDJUDP

�����������)6,5;�(OHFWULFDO�'DWD�DQG�7LPLQJ

�������������)6,5;�7LPLQJ�5HTXLUHPHQWV

12� 0,1 0$; 81,7

� WF�5;&/.� &\FOH�WLPH��5;&/. ����� QV

� WZ�5;&/.� 3XOVH�ZLGWK��5;&/.�ORZ�RU�5;&/.�KLJK�� ����WF�5;&/.� ����WF�5;&/.� QV

� WVX�5;&/.±5;'�
6HWXS�WLPH�ZLWK�UHVSHFW�WR�5;&/.��DSSOLHV�WR�
ERWK�HGJHV�RI�WKH�FORFN

��� QV

� WK�5;&/.±5;'�
+ROG�WLPH�ZLWK�UHVSHFW�WR�5;&/.��DSSOLHV�WR�
ERWK�HGJHV�RI�WKH�FORFN

� QV

�������������)6,5;�6ZLWFKLQJ�&KDUDFWHULVWLFV

12� 3$5$0(7(5��� 0,1 0$; 81,7

� WG�5;&/.�
5;&/.�GHOD\�FRPSHQVDWLRQ�DW�
5;B'/</,1(B&75/>5;&/.B'/<@ ��

�� �� QV

� WG�5;'��
5;'��GHOD\�FRPSHQVDWLRQ�DW�
5;B'/</,1(B&75/>5;'�B'/<@ ��

�� �� QV

� WG�5;'��
5;'��GHOD\�FRPSHQVDWLRQ�
DW�5;B'/</,1(B&75/>5;'�B'/<@ ��

�� �� QV

� WG�'(/$<B(/(0(17�
,QFUHPHQWDO�GHOD\�RI�HDFK�GHOD\�OLQH�HOHPHQW�
IRU�5;&/.��5;'���DQG�5;'�

��� � QV

7'0� WVNHZ�7'0B&/.�7'0B'[��
'HOD\�VNHZ�LQWURGXFHG�EHWZHHQ�5;&/.�
7'0B&/.�GHOD\�DQG�5;'[�7'0B'[�GHOD\V

�� � QV

��� ���S)�ORDG�RQ�SLQ�

ZZZ�WL�FRP
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FSIRXCLK

FSIRXD0

FSIRXD1
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���������)6,�63,�&RPSDWLELOLW\�0RGH

7KH�)6,� VXSSRUWV�D�63,� FRPSDWLELOLW\�PRGH� WR�HQDEOH�FRPPXQLFDWLRQ�ZLWK�SURJUDPPDEOH�63,�GHYLFHV�� ,Q� WKLV�
PRGH��WKH�)6,�WUDQVPLWV�LWV�GDWD�LQ�WKH�VDPH�PDQQHU�DV�D�63,�LQ�D�VLQJOH�FORFN�FRQILJXUDWLRQ�PRGH��:KLOH�WKH�
)6,� LV� DEOH� WR� SK\VLFDOO\� LQWHUIDFH�ZLWK� D� 63,� LQ� WKLV�PRGH�� WKH� H[WHUQDO� GHYLFH�PXVW� EH� DEOH� WR� HQFRGH� DQG�
GHFRGH�DQ�)6,�IUDPH�WR�FRPPXQLFDWH�VXFFHVVIXOO\��7KLV�LV�EHFDXVH�WKH�)6,�WUDQVPLWV�DOO�63,�IUDPH�SKDVHV�ZLWK�
WKH�H[FHSWLRQ�RI� WKH�SUHDPEOH�DQG�SRVWDPEOH��7KH�)6,�SURYLGHV�WKH�VDPH�GDWD�YDOLGDWLRQ�DQG�IUDPH�FKHFNLQJ�
DV�LI�LW�ZDV�LQ�VWDQGDUG�)6,�PRGH��DOORZLQJ�IRU�PRUH�UREXVW�FRPPXQLFDWLRQ�ZLWKRXW�FRQVXPLQJ�&38�F\FOHV��7KH�
H[WHUQDO�63,�LV�UHTXLUHG�WR�VHQG�DOO�UHOHYDQW�LQIRUPDWLRQ�DQG�FDQ�DFFHVV�VWDQGDUG�)6,�IHDWXUHV�VXFK�DV�WKH�SLQJ�
IUDPH�ZDWFKGRJ�RQ�WKH�)6,5;�� IUDPH�WDJJLQJ��RU�FXVWRP�&5&�YDOXHV��7KH� OLVW�RI� IHDWXUHV�RI�63,�FRPSDWLELOLW\�
PRGH�IROORZV�
� 'DWD�ZLOO�WUDQVPLW�RQ�ULVLQJ�HGJH�DQG�UHFHLYH�RQ�IDOOLQJ�HGJH�RI�WKH�FORFN�
� 2QO\����ELW�ZRUG�VL]H�LV�VXSSRUWHG�
� 7;'��ZLOO�EH�GULYHQ�OLNH�DQ�DFWLYH�ORZ�FKLS�VHOHFW�VLJQDO��7KH�VLJQDO�ZLOO�EH�ORZ�IRU�WKH�GXUDWLRQ�RI�WKH�IXOO�

IUDPH�WUDQVPLVVLRQ�
� 1R�UHFHLYHU�FKLS�VHOHFW�LQSXW�LV�UHTXLUHG��5;'��LV�QRW�XVHG��'DWD�LV�VKLIWHG�LQWR�WKH�UHFHLYHU�RQ�HYHU\�DFWLYH�

FORFN�HGJH�
� 1R�SUHDPEOH�RU�SRVWDPEOH�FORFNV�ZLOO�EH�WUDQVPLWWHG��$OO�VLJQDOV�UHWXUQ�WR�WKH�LGOH�VWDWH�DIWHU�WKH�IUDPH�SKDVH�

LV�ILQLVKHG�
� ,W�LV�QRW�SRVVLEOH�WR�WUDQVPLW�LQ�WKH�63,�VODYH�FRQILJXUDWLRQ�EHFDXVH�WKH�)6,�7;&/.�FDQQRW�WDNH�DQ�H[WHUQDO�

FORFN�VRXUFH�

�����������)6,7;�63,�6LJQDOLQJ�0RGH�(OHFWULFDO�'DWD�DQG�7LPLQJ

6SHFLDO�WLPLQJV�DUH�QRW�UHTXLUHG�IRU�WKH�)6,5;�LQ�63,�VLJQDOLQJ�PRGH��)6,5;�WLPLQJV�OLVWHG�LQ�WKH�)6,5;�7LPLQJ�
5HTXLUHPHQWV�WDEOH�DUH�DSSOLFDEOH�LQ�63,�FRPSDWLELOLW\�PRGH��6HWXS�DQG�+ROG�WLPHV�DUH�RQO\�YDOLG�RQ�WKH�IDOOLQJ�
HGJH�RI�)6,5;&/.�EHFDXVH�WKLV�LV�WKH�DFWLYH�HGJH�LQ�63,�VLJQDOLQJ�PRGH�

�������������)6,7;�63,�6LJQDOLQJ�0RGH�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
12� 3$5$0(7(5��� 0,1 0$; 81,7

� WF�7;&/.� &\FOH�WLPH��7;&/. ����� QV

� WZ�7;&/.� 3XOVH�ZLGWK��7;&/.�ORZ�RU�7;&/.�KLJK ����WF�7;&/.���±�� ����WF�7;&/.������ QV

� WG�7;&/.+±7;'�� 'HOD\�WLPH��7;'��YDOLG�DIWHU�7;&/.�KLJK � QV

� WG�7;'��7;&/.� 'HOD\�WLPH��7;&/.�KLJK�DIWHU�7;'��ORZ WZ�7;&/.��±�� QV

� WG�7;&/.�7;'�� 'HOD\�WLPH��7;'��KLJK�DIWHU�7;&/.�ORZ WZ�7;&/.� QV

��� ���S)�ORDG�RQ�SLQ

�������������)6,7;�63,�6LJQDOLQJ�0RGH�7LPLQJV

FSITXCLK

FSITXD1

FSITXD0

1

2

3

4
5

)LJXUH�������)6,7;�63,�6LJQDOLQJ�0RGH�7LPLQJV

ZZZ�WL�FRP
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�������+RVW�,QWHUIDFH�&RQWUROOHU��+,&�

7KH�+,&�PRGXOH�DOORZV�DQ�H[WHUQDO�KRVW�FRQWUROOHU� �PDVWHU�� WR�GLUHFWO\�DFFHVV� UHVRXUFHV�RI� WKH�GHYLFH� �VODYH��
E\�HPXODWLQJ�WKH�$65$0�SURWRFRO�� ,W�KDV�WZR�PRGHV�RI�RSHUDWLRQ��GLUHFW�DFFHVV�DQG�PDLOER[�DFFHVV�� ,Q�GLUHFW�
DFFHVV�PRGH��GHYLFH�UHVRXUFHV�LV�ZULWWHQ�WR�DQG�UHDG�IURP�GLUHFWO\�E\�WKH�H[WHUQDO�KRVW��,Q�PDLOER[�DFFHVV�PRGH��
H[WHUQDO� KRVW� DQG� GHYLFH�ZULWH� WR� DQG� UHDG� IURP� D� EXIIHU� DQG� QRWLI\� HDFK� RWKHU�ZKHQ� WKH� EXIIHU�ZULWH�UHDG� LV�
FRPSOHWH��)RU�VHFXULW\�UHDVRQV��WKH�+,&�KDV�WR�EH�HQDEOHG�E\�WKH�GHYLFH�EHIRUH�WKH�H[WHUQDO�KRVW�FDQ�DFFHVV�LW�

)HDWXUHV�RI�WKH�+,&�LQFOXGH�

� &RQILJXUDEOH�,�2�GDWD�OLQHV�RI���ELWV�DQG����ELWV
� 'LUHFW�DQG�PDLOER[�DFFHVV�PRGHV
� ��DGGUHVV�OLQHV�DQG���FRQILJXUDEOH�EDVH�DGGUHVVHV�IRU�D�WRWDO�RI������SRVVLEOH�DGGUHVVDEOH�UHJLRQV
� 7ZR����E\WH�EXIIHUV�IRU�H[WHUQDO�KRVW�DQG�GHYLFH�ZKHQ�XVLQJ�PDLOER[�DFFHVV�PRGH
� ,QWHUUXSW�JHQHUDWLRQ�RQ�EXIIHU�IXOO�HPSW\
� +LJK�WKURXJKSXW
� 7ULJJHU�+,&�DFWLYLW\�IURP�RWKHU�SHULSKHUDOV
� (UURU�LQGLFDWRUV�WR�WKH�V\VWHP�RU�LQWHUIDFH
� &RPPLW�IHDWXUH�WKDW�EORFNV�ZULWHV�WR�FRQILJXUDWLRQ�UHJLVWHUV

I/O Interface

A[7:0]

HIC

Bus Master Interface

Memory Mapped HIC

Configuration Interface

D[15:0]

nBE[1:0]

nCS

nWE

nOE

BASESEL[2:0]

A[31:0]

WDATA[31:0]

RDATA[31:0]

Host

To

Device

Mailbox

Buffer

Device

To

Host

Mailbox

Buffer

CTRL Regs

STATUS Regs

BASE_ADDR0

BASE_ADDR1

.

.

BASE_ADDRn

H2DINT to PIE D2HINT to Pin

EVT_TRIGGER[15:0]

nRDY

HIC Pins

HIC Registers

Legend

)LJXUH�������+,&�%ORFN�'LDJUDP
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���������+,&�(OHFWULFDO�'DWD�DQG�7LPLQJ

�����������+,&�7LPLQJ�5HTXLUHPHQWV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
0,1 0$; 81,7

5HDG�:ULWH�3DUDPHWHUV�ZLWK�Q2(�DQG�Q:(�SLQV���'XDO�5HDG�:ULWH�SLQV

WVX�$%%9�2(9� 6HWXS�WLPH��$�%$6(6(/�Q%(�EHIRUH�Q2(�DFWLYH � QV

WVX�$%%9�:(9� 6HWXS�WLPH��$�%$6(6(/�Q%(�EHIRUH�Q:(�DFWLYH � QV

WVX�&69�2(9� 6HWXS�WLPH��Q&6�DFWLYH�EHIRUH�Q2(�DFWLYH ���WF�6<6&/.� QV

WVX�&69�:(9� 6HWXS�WLPH��Q&6�DFWLYH�EHIRUH�Q:(�DFWLYH ���WF�6<6&/.� QV

WK�$%%9�2(,9� +ROG�WLPH��$�%$6(6(/�Q%(�Q&6�DIWHU�Q2(�LQDFWLYH � QV

WK�$%%9�:(,9� +ROG�WLPH��$�%$6(6(/�Q%(�Q&6�DIWHU�Q:(�LQDFWLYH � QV

WZ�2(9� $FWLYH�SXOVH�ZLGWK�RI�Q2(��5HDG���� �WF�6<6&/.� QV

WZ�:(9� $FWLYH�SXOVH�ZLGWK�RI�Q:(��:ULWH� �WF�6<6&/.� QV

WZ�&6,9� ,QDFWLYH�SXOVH�ZLGWK�RI�Q&6��� �WF�6<6&/.� QV

WZ�2(,9� ,QDFWLYH�5HDG�SXOVH�ZLGWK�RI�Q2(��� �WF�6<6&/.� QV

WZ�:(,9� ,QDFWLYH�:ULWH�SXOVH�ZLGWK�RI�Q:(��� �WF�6<6&/.� QV

WVX�'9�:(9� 6HWXS�WLPH��'�EHIRUH�Q:(�DFWLYH � QV

WK�'9�:(,9� +ROG�WLPH��'�DIWHU�Q:(�LQDFWLYH � QV

5HDG�:ULWH�3DUDPHWHUV�ZLWK�5Q:�SLQ���6LQJOH�5HDG�:ULWH�SLQ

WVX�$%%9�&69� 6HWXS�WLPH��$�%$6(6(/�Q%(�EHIRUH�Q&6�DFWLYH � QV

WVX�51:9�&69� 6HWXS�WLPH��5Q:�EHIRUH�Q&6�DFWLYH ���WF�6<6&/.� QV

WK�$%%9�&6,9� +ROG�WLPH��$�%$6(6(/�Q%(�5Q:�DIWHU�Q&6�LQDFWLYH � QV

WZ�&69B5'� $FWLYH�SXOVH�ZLGWK�RI�Q&6�IRU�UHDG�RSHUDWLRQ��� �WF�6<6&/.� QV

WZ�&69B:5� $FWLYH�SXOVH�ZLGWK�RI�Q&6�IRU�ZULWH�RSHUDWLRQ �WF�6<6&/.� QV

WZ�&6,9� ,QDFWLYH�SXOVH�ZLGWK�RI�Q&6��� �WF�6<6&/.� QV

WZ�51:,9� ,QDFWLYH�SXOVH�ZLGWK�RI�5Q:��� �WF�6<6&/.� QV

WVX�'9�&69� 6HWXS�WLPH��'�EHIRUH�Q&6�DFWLYH � QV

WK�'9�&6,9� +ROG�WLPH��'�DIWHU�Q&6�LQDFWLYH � QV

��� )RU�DFFHVVHV�WR�WKH�GHYLFH�UHJLRQ��DGGLWLRQDO���6<6&/.�F\FOHV�DUH�UHTXLUHG�
��� )RU�DFFHVVHV�WR�WKH�GHYLFH�UHJLRQ�ZLWK�Q5'<�SLQ��DGGLWLRQDO�6<6&/.�F\FOH�LV�UHTXLUHG�

�����������+,&�6ZLWFKLQJ�&KDUDFWHULVWLFV

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5��� 0,1 0$; 81,7

5HDG�:ULWH�3DUDPHWHUV�ZLWK�Q2(�DQG�Q:(�SLQV

WG�2(9�'9� 2XWSXW�GDWD�GHOD\�WLPH���Q2(�WR�'�RXWSXW�YDOLG���� �WF�6<6&/.� �WF�6<6&/.������ QV

WG�2(,9�',9� 2XWSXW�GDWD�KROG�WLPH���Q2(�LQYDOLG�WR�'�RXWSXW�LQYDOLG��WUL�VWDWH� �WF�6<6&/.� �WF�6<6&/.������ QV

WG�2(9�5'<9� 5HDG�5HDG\�GHOD\�WLPH���Q2(�WR�Q5'<�RXWSXW�YDOLG � �� QV

WG�:(9�5'<9� :ULWH�5HDG\�GHOD\�WLPH���Q:(�WR�Q5'<�RXWSXW�YDOLG � �� QV

WG�5'<9�'9� 5HDG\�WR�'DWD�GHOD\�WLPH���Q5'<�RXWSXW�YDOLG�WR�'�RXWSXW�YDOLG �� � QV

WZ�5'<$&7� $FWLYH�SXOVH�ZLGWK�RI�Q5'<�RXWSXW �WF�6<6&/.� QV

5HDG�:ULWH�3DUDPHWHUV�ZLWK�5Q:�SLQ

WG�&69�'9� 2XWSXW�GHOD\�WLPH���Q&6�DFWLYH�WR�'�RXWSXW�YDOLG���� �WF�6<6&/.� �WF�6<6&/.������ QV

WG�&6,9�',9� 2XWSXW�KROG�WLPH���Q&6�LQDFWLYH�WR�'�RXWSXW�LQYDOLG��WUL�VWDWH� �WF�6<6&/.� �WF�6<6&/.������ QV

WG�&69�5'<9� 2XWSXW�GHOD\�WLPH���Q&6�WR�Q5'<�RXWSXW�YDOLG � �� QV

WG�5'<9�'9� 5HDG\�WR�'DWD�GHOD\�WLPH���Q5'<�RXWSXW�YDOLG�WR�'�RXWSXW�YDOLG �� � QV

ZZZ�WL�FRP
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�����������+,&�6ZLWFKLQJ�&KDUDFWHULVWLFV��FRQWLQXHG�

RYHU�RSHUDWLQJ�IUHH�DLU�WHPSHUDWXUH�UDQJH��XQOHVV�RWKHUZLVH�QRWHG�
3$5$0(7(5��� 0,1 0$; 81,7

WZ�5'<$&7� $FWLYH�SXOVH�ZLGWK�RI�Q5'<�RXWSXW �WF�6<6&/.� QV

��� ���S)�ORDG�RQ�SLQ�
��� $SSOLFDEOH�WR�PDLOER[�DFFHVVHV�RQO\��'LUHFW�PHPRU\�PDS��'HYLFH��DFFHVVHV�DUH�TXDOLILHG�ZLWK�Q5'<�SLQ�

�����������+,&�7LPLQJ�'LDJUDPV

READY/WAIT SIGNAL

SETUP SIGNALS

READ SIGNALS

WRITE SIGNALS

nCS

BASESEL[2:0]

D[15:0]

nOE
T7

T9

S2S1

T1  

T3  

D[15:0]

nWE
T4      

T12

T8

T10

nRDY
S6

S3

T11

T5

T13

A[7:0]

nBE[3:0]

S4

7

T2  

S5

T6

)LJXUH�������5HDG�:ULWH�2SHUDWLRQ�:LWK�Q2(�DQG�Q:(�3LQV
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READY/WAIT SIGNAL

SETUP SIGNALS

READ SIGNALS

WRITE SIGNALS

nCS

BASESEL[2:0]

D[15:0]

RnW

(Read)

T19

S8S7

T14

T15

D[15:0]

RnW

(Write)

T15

T21

T20

nRDY
S11

S9

T20

T16

T22

A[7:0]

nBE[3:0]

T17 or T18

S10

)LJXUH�������5HDG�:ULWH�2SHUDWLRQ�:LWK�5Q:�3LQ

ZZZ�WL�FRP
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��'HWDLOHG�'HVFULSWLRQ

����2YHUYLHZ

&������ ���ELW� 5HDO�7LPH� PLFURFRQWUROOHUV� DUH� RSWLPL]HG� IRU� SURFHVVLQJ�� VHQVLQJ�� DQG� DFWXDWLRQ� WR� LPSURYH�
FORVHG�ORRS� SHUIRUPDQFH� LQ� UHDO�WLPH� FRQWURO� DSSOLFDWLRQV� VXFK� DV� LQGXVWULDO� PRWRU� GULYHV�� VRODU� LQYHUWHUV� DQG�
GLJLWDO�SRZHU��HOHFWULFDO�YHKLFOHV�DQG�WUDQVSRUWDWLRQ��PRWRU�FRQWURO��DQG�VHQVLQJ�DQG�VLJQDO�SURFHVVLQJ�

7KH�706���)�����[��)�����[��LV�D�SRZHUIXO����ELW�IORDWLQJ�SRLQW�PLFURFRQWUROOHU�XQLW��0&8��WKDW�OHWV�GHVLJQHUV�
LQFRUSRUDWH�FUXFLDO�FRQWURO�SHULSKHUDOV��GLIIHUHQWLDWHG�DQDORJ��DQG�QRQYRODWLOH�PHPRU\�RQ�D�VLQJOH�GHYLFH�

7KH�UHDO�WLPH�FRQWURO�VXEV\VWHP�LV�EDVHG�RQ�7,¶V����ELW�&��[�&38��ZKLFK�SURYLGHV�����0+]�RI�VLJQDO�SURFHVVLQJ�
SHUIRUPDQFH��7KH�&��[�&38�LV�IXUWKHU�ERRVWHG�E\�WKH�)38��QHZ�708�H[WHQGHG�LQVWUXFWLRQ�VHW��ZKLFK�HQDEOHV�
IDVW� H[HFXWLRQ� RI� DOJRULWKPV� ZLWK� WULJRQRPHWULF� RSHUDWLRQV� FRPPRQO\� IRXQG� LQ� WUDQVIRUPV� DQG� WRUTXH� ORRS�
FDOFXODWLRQV��DQG� WKH�9&5&�H[WHQGHG� LQVWUXFWLRQ�VHW��ZKLFK� UHGXFHV� WKH� ODWHQF\� IRU� FRPSOH[�PDWK�RSHUDWLRQV�
FRPPRQO\�IRXQG�LQ�HQFRGHG�DSSOLFDWLRQV�

7KH�&/$�DOORZV�VLJQLILFDQW�RIIORDGLQJ�RI�FRPPRQ�WDVNV�IURP�WKH�PDLQ�&��[�&38��7KH�&/$�LV�DQ� LQGHSHQGHQW�
���ELW� IORDWLQJ�SRLQW�PDWK�DFFHOHUDWRU� WKDW�H[HFXWHV� LQ�SDUDOOHO�ZLWK� WKH�&38��$GGLWLRQDOO\�� WKH�&/$�KDV� LWV�RZQ�
GHGLFDWHG�PHPRU\�UHVRXUFHV�DQG�LW�FDQ�GLUHFWO\�DFFHVV�WKH�NH\�SHULSKHUDOV�WKDW�DUH�UHTXLUHG�LQ�D�W\SLFDO�FRQWURO�
V\VWHP��6XSSRUW�RI�D�VXEVHW�RI�$16,�&�LV�VWDQGDUG��DV�DUH�NH\�IHDWXUHV�OLNH�KDUGZDUH�EUHDNSRLQWV�DQG�KDUGZDUH�
WDVN�VZLWFKLQJ�

7KH�)�����[�VXSSRUWV�XS�WR����.%�����.:��RI� IODVK�PHPRU\�GLYLGHG� LQWR� WKUHH����.%����.:��EDQNV��ZKLFK�
HQDEOH� SURJUDPPLQJ� DQG� H[HFXWLRQ� LQ� SDUDOOHO�� 8S� WR� ��.%� �����.:�� RI� RQ�FKLS� 65$0� LV� DOVR� DYDLODEOH� WR�
VXSSOHPHQW�WKH�IODVK�PHPRU\�

7KH� /LYH� )LUPZDUH� 8SGDWH� KDUGZDUH� HQKDQFHPHQWV� RQ� )�����[� DOORZ� IDVW� FRQWH[W� VZLWFKLQJ� IURP� WKH� ROG�
ILUPZDUH�WR�WKH�QHZ�ILUPZDUH�WR�PLQLPL]H�DSSOLFDWLRQ�GRZQWLPH�ZKHQ�XSGDWLQJ�WKH�GHYLFH�ILUPZDUH�

+LJK�SHUIRUPDQFH� DQDORJ� EORFNV� DUH� LQWHJUDWHG� RQ� WKH� )�����[� UHDO�WLPH� 0&8� WR� IXUWKHU� HQDEOH� V\VWHP�
FRQVROLGDWLRQ��7KUHH�VHSDUDWH����ELW�$'&V�SURYLGH�SUHFLVH�DQG�HIILFLHQW�PDQDJHPHQW�RI�PXOWLSOH�DQDORJ�VLJQDOV��
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����)XQFWLRQDO�%ORFN�'LDJUDP

)LJXUH�����VKRZV�WKH�&38�V\VWHP�DQG�DVVRFLDWHG�SHULSKHUDOV�

C28x CPU

(120 MHz)

FPU32

TMU

VCRC

FINTDIV

DIAGNOSTICS

DCC

MPOST

HWBIST

ERAD

JTAG/cJTAG

Boot ROM

Secure ROM

Flash Bank0

16 Sectors, 64Kw(128 KB)

M0-M1 RAM

2Kw(4 KB)

LS0-LS7 RAM

16Kw(32 KB)

GS0-GS3 RAM

16Kw(32 KB) 

BGCRC

HIC

DMA

6 Channels

CLA to CPU MSG RAM

CPU to CLA MSG RAM

CLA Data ROM

CLA Program ROM

CLA

(120 MHz)

PF1

16x ePWM

(8 Hi-Res Capable)

3x eCAP

(1 HRCAP Capable)

2x eQEP

(CW/CCW Support)

8x SD Filters

4x CMPSS

2x Buffered DAC

3x 12-Bit ADC

Result

PF3

55x GPIO

Data

Input XBAR

Output XBAR

ePWM XBAR

PF4

1x PMBUS

2x SPI

1x FSI RX

1x FSI TX

PF2

1x 

DCAN/

CAN

2x LIN
(A) 2x SCI

2x I2C

PF7 PF8 PF9

Flash Bank1

16 Sectors, 64Kw(128 KB)

Flash Bank2

16 Sectors, 64Kw(128 KB)

1x MCAN/

CAN FD

4x CLB

CLA to DMA MSG RAM

DMA to CLA MSG RAM

PF10 PF11

1x AES

SYSTEM CONTROL

CPU Timers

XTAL

INTOSC1, INTOSC2

PLL

ePIE

Windowed WD

NMI WD

SECURITY

DCSM

JTAG Lock

Secure Boot

PF12

CLB XBAR

CLB Input XBAR

CLB Output XBAR

PF7

LFU

OTHERS

EPG

CPU

CLU

DMA

HIC

BGCRC

Buses Legend

$� 7KH�/,1�PRGXOH�FDQ�DOVR�ZRUN�DV�DQ�6&,�

)LJXUH������)XQFWLRQDO�%ORFN�'LDJUDP
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(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(UDG&5&�5HJV (5$'B&5&B5(*6 (5$'B&5&�B%$6( �[����B($�� <(6 � � � <(6

(SJ�5HJV (3*B5(*6 (3*�B%$6( �[����B(&�� <(6 � � � <(6

(SJ�0X[5HJV (3*B08;B5(*6 (3*�08;B%$6( �[����B(&'� <(6 � � � <(6

'FVP=�5HJV '&60B=�B5(*6 '&60B=�B%$6( �[����B)��� <(6 � � � <(6

'FVP=�5HJV '&60B=�B5(*6 '&60B=�B%$6( �[����B)��� <(6 � � � <(6

'FVP&RPPRQ5HJV
'&60B&20021B5(*

6
'&60&20021B%$6( �[����B)�&� <(6 � � � <(6

0HP&IJ5HJV 0(0B&)*B5(*6 0(0&)*B%$6( �[����B)��� <(6 � � � <(6

$FFHVV3URWHFWLRQ5HJV
$&&(66B3527(&7,2

1B5(*6
$&&(663527(&7,21

B%$6(
�[����B)��� <(6 � � � <(6

0HPRU\(UURU5HJV
0(025<B(5525B5(

*6
0(025<(5525B%$6

(
�[����B)��� <(6 � � � <(6

7HVW(UURU5HJV 7(67B(5525B5(*6 7(67(5525B%$6( �[����B)��� <(6 � � � <(6

)ODVK�&WUO5HJV )/$6+B&75/B5(*6 )/$6+�&75/B%$6( �[����B)��� <(6 � � � <(6

)ODVK�(FF5HJV )/$6+B(&&B5(*6 )/$6+�(&&B%$6( �[����B)%�� <(6 � � � <(6

3HULSKHUDO�)UDPH����3)��

&DQD5HJV &$1B5(*6 &$1$B%$6( �[����B���� <(6 <(6 <(6 � <(6

� �
&$1$B06*B5$0B%$6

(
�[����B���� <(6 <(6 <(6 � <(6

� �
0&$1B06*B5$0B%$6

(
�[����B���� <(6 � <(6 � <(6

0FDQD6V5HJV 0&$1$66B5(*6 0&$1$66B%$6( �[����B&��� <(6 � <(6 � <(6

0FDQD5HJV 0&$1$B5(*6 0&$1$B%$6( �[����B&��� <(6 � <(6 � <(6

0FDQD(UURU5HJV
0&$1$B(5525B5(*

6
0&$1$B(5525B%$6( �[����B&��� <(6 � <(6 � <(6

+ZELVW5HJV +:%,67B5(*6 +:%,67B%$6( �[����B(��� <(6 � � � <(6

0SRVW5HJV 03267B5(*6 03267B%$6( �[����B(��� <(6 � � � <(6

'FF�5HJV '&&B5(*6 '&&�B%$6( �[����B(��� <(6 � � � <(6

'FF�5HJV '&&B5(*6 '&&�B%$6( �[����B(��� <(6 � � � <(6

3HULSKHUDO�)UDPH����3)��

/LQD5HJV /,1B5(*6 /,1$B%$6( �[����B�$�� <(6 <(6 <(6 <(6 <(6

/LQE5HJV /,1B5(*6 /,1%B%$6( �[����B�%�� <(6 <(6 <(6 <(6 <(6

3HULSKHUDO�)UDPH����3)��

:G5HJV :'B5(*6 :'B%$6( �[����B���� <(6 � � � <(6

1PL,QWUXSW5HJV 10,B,175837B5(*6 10,B%$6( �[����B���� <(6 � � � <(6

;LQW5HJV ;,17B5(*6 ;,17B%$6( �[����B���� <(6 � � � <(6

6FLD5HJV 6&,B5(*6 6&,$B%$6( �[����B���� <(6 � <(6 � <(6

6FLE5HJV 6&,B5(*6 6&,%B%$6( �[����B���� <(6 � <(6 � <(6

,�FD5HJV ,�&B5(*6 ,�&$B%$6( �[����B���� <(6 � <(6 � <(6

,�FE5HJV ,�&B5(*6 ,�&%B%$6( �[����B���� <(6 � <(6 � <(6
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7DEOH������3HULSKHUDO�5HJLVWHUV�0HPRU\�0DS��&�����FRQWLQXHG�
%LW�)LHOG�1DPH

'ULYHU/LE�1DPH %DVH�$GGUHVV &38� '0$ +,& &/$
3LSHOLQH�

3URWHFWHG,QVWDQFH 6WUXFWXUH

3HULSKHUDO�)UDPH�����3)���

&OE�/RJLF&IJ5HJV
&/%B/2*,&B&21),*B

5(*6
&/%�B/2*,&&)*B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&WUO5HJV
&/%B/2*,&B&21752/

B5(*6
&/%�B/2*,&&75/B%$

6(
�[����B���� <(6 � <(6 <(6 �

&OE�'DWD([FK5HJV
&/%B'$7$B(;&+$1*

(B5(*6
&/%�B'$7$(;&+B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&IJ5HJV
&/%B/2*,&B&21),*B

5(*6
&/%�B/2*,&&)*B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&WUO5HJV
&/%B/2*,&B&21752/

B5(*6
&/%�B/2*,&&75/B%$

6(
�[����B���� <(6 � <(6 <(6 �

&OE�'DWD([FK5HJV
&/%B'$7$B(;&+$1*

(B5(*6
&/%�B'$7$(;&+B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&IJ5HJV
&/%B/2*,&B&21),*B

5(*6
&/%�B/2*,&&)*B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&WUO5HJV
&/%B/2*,&B&21752/

B5(*6
&/%�B/2*,&&75/B%$

6(
�[����B���� <(6 � <(6 <(6 �

&OE�'DWD([FK5HJV
&/%B'$7$B(;&+$1*

(B5(*6
&/%�B'$7$(;&+B%$6

(
�[����B���� <(6 � <(6 <(6 �

&OE�/RJLF&IJ5HJV
&/%B/2*,&B&21),*B

5(*6
&/%�B/2*,&&)*B%$6

(
�[����B�&�� <(6 � <(6 <(6 �

&OE�/RJLF&WUO5HJV
&/%B/2*,&B&21752/

B5(*6
&/%�B/2*,&&75/B%$

6(
�[����B�'�� <(6 � <(6 <(6 �

&OE�'DWD([FK5HJV
&/%B'$7$B(;&+$1*

(B5(*6
&/%�B'$7$(;&+B%$6

(
�[����B�'�� <(6 � <(6 <(6 �

3HULSKHUDO�)UDPH�����3)���

$HVD5HJV $(6B,3B5(*6 $(6$B%$6( �[����B���� <(6 <(6 � � �

$HVD6V5HJV $(6B:5$33(5B5(*6 $(6$B66B%$6( �[����B�&�� <(6 <(6 � � �

3HULSKHUDO�)UDPH�����3)���

/IX5HJV /)8B5(*6 /)8B%$6( �[����B�)(� <(6 � � <(6 <(6
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����,GHQWLILFDWLRQ

7DEOH�����OLVWV�WKH�'HYLFH�,GHQWLILFDWLRQ�5HJLVWHUV��$GGLWLRQDO�LQIRUPDWLRQ�RQ�WKHVH�GHYLFH�LGHQWLILFDWLRQ�UHJLVWHUV�
FDQ�EH�IRXQG�LQ�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO��6HH�WKH�UHJLVWHU�
GHVFULSWLRQV�RI�3$57,'+�DQG�3$57,'/� IRU� LGHQWLILFDWLRQ�RI�SURGXFWLRQ�VWDWXV� �70;�RU�706��DQG�RWKHU�GHYLFH�
LQIRUPDWLRQ�

7DEOH������'HYLFH�,GHQWLILFDWLRQ�5HJLVWHUV

1$0( $''5(66 6,=(��[��� '(6&5,37,21

3$57,'+ �[�����'��$ �

'HYLFH�SDUW�LGHQWLILFDWLRQ�QXPEHU

706���)������& �[��))�����

706���)������ �[��))�����

706���)������& �[��)(�����

706���)������ �[��)(�����

706���)������& �[��)'�����

706���)������ �[��)'�����

706���)������& �[��)&�����

706���)������ �[��)&�����

706���)������ �[��)$�����

706���)������ �[��)������

5(9,' �[�����'��& �
6LOLFRQ�UHYLVLRQ�QXPEHU

5HYLVLRQ�� �[���������

8,'B81,48( �[�������)� �

8QLTXH�LGHQWLILFDWLRQ�QXPEHU��7KLV�QXPEHU�LV�GLIIHUHQW�RQ�HDFK�
LQGLYLGXDO�GHYLFH�ZLWK�WKH�VDPH�3$57,'+��7KLV�XQLTXH�QXPEHU�
FDQ�EH�XVHG�DV�D�VHULDO�QXPEHU�LQ�WKH�DSSOLFDWLRQ��7KLV�QXPEHU�
LV�SUHVHQW�RQO\�RQ�706�GHYLFHV�
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����%XV�$UFKLWHFWXUH�±�3HULSKHUDO�&RQQHFWLYLW\

7KH�3HULSKHUDO�&RQQHFWLYLW\�WDEOH�OLVWV�D�EURDG�YLHZ�RI�WKH�SHULSKHUDO�DQG�FRQILJXUDWLRQ�UHJLVWHU�DFFHVVLELOLW\�IURP�
HDFK�EXV�PDVWHU�

7DEOH������3HULSKHUDO�&RQQHFWLYLW\

3(5,3+(5$/ '0$ +,& %*&5& &/$ &��

6<67(0�3(5,3+(5$/6

&38�7LPHUV <

(5$' <

*3,2�'DWD < < <

*3,2�3LQ�0DSSLQJ�DQG�&RQILJXUDWLRQ <

;%$5�&RQILJXUDWLRQ <

6\VWHP�&RQILJXUDWLRQ <

$(6 < <

(3* <

/)8 < <

'&& <

0(025<

0��0� < <

/6[ < < <

*6[ < < < <

520 < <

)/$6+ <

&21752/�3(5,3+(5$/6

H3:0�+53:0 < < < <

H&$3�+5&$3 < < < <

H4(3
���

< < < <

&/% < < <

6')0 < < < <

$1$/2*�3(5,3+(5$/6

&0366
���

< < < <

'$&
���

< < < <

$'&�&RQILJXUDWLRQ < <

$'&�5HVXOWV
���

< < < <

&20081,&$7,21�3(5,3+(5$/6

'&$1 < < <

0&$1 < <

)6,7;�)6,5; < < < <

,�& < <

/,1 < < < <

30%XV < < < <

6&, < <

63, < < < <

��� 7KHVH�PRGXOHV�DUH�DFFHVVLEOH�IURP�'0$�EXW�FDQQRW�WULJJHU�D�'0$�WUDQVIHU�
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����&��[�3URFHVVRU

7KH�&38�LV�D����ELW�IL[HG�SRLQW�SURFHVVRU��7KLV�GHYLFH�GUDZV�IURP�WKH�EHVW�IHDWXUHV�RI�GLJLWDO�VLJQDO�SURFHVVLQJ��
UHGXFHG�LQVWUXFWLRQ�VHW�FRPSXWLQJ��5,6&���DQG�PLFURFRQWUROOHU�DUFKLWHFWXUHV��ILUPZDUH��DQG�WRRO�VHWV�

7KH� &38� IHDWXUHV� LQFOXGH� D� PRGLILHG� +DUYDUG� DUFKLWHFWXUH� DQG� FLUFXODU� DGGUHVVLQJ�� 7KH� 5,6&� IHDWXUHV�
DUH� VLQJOH�F\FOH� LQVWUXFWLRQ� H[HFXWLRQ�� UHJLVWHU�WR�UHJLVWHU� RSHUDWLRQV�� DQG� PRGLILHG� +DUYDUG� DUFKLWHFWXUH�� 7KH�
PLFURFRQWUROOHU� IHDWXUHV� LQFOXGH� HDVH� RI� XVH� WKURXJK� DQ� LQWXLWLYH� LQVWUXFWLRQ� VHW�� E\WH� SDFNLQJ� DQG� XQSDFNLQJ��
DQG�ELW�PDQLSXODWLRQ��7KH�PRGLILHG�+DUYDUG�DUFKLWHFWXUH�RI�WKH�&38�HQDEOHV�LQVWUXFWLRQ�DQG�GDWD�IHWFKHV�WR�EH�
SHUIRUPHG�LQ�SDUDOOHO��7KH�&38�FDQ�UHDG�LQVWUXFWLRQV�DQG�GDWD�ZKLOH�LW�ZULWHV�GDWD�VLPXOWDQHRXVO\�WR�PDLQWDLQ�WKH�
VLQJOH�F\FOH�LQVWUXFWLRQ�RSHUDWLRQ�DFURVV�WKH�SLSHOLQH��7KH�&38�GRHV�WKLV�RYHU�VL[�VHSDUDWH�DGGUHVV�GDWD�EXVHV�

)RU�PRUH� LQIRUPDWLRQ�RQ�&38�DUFKLWHFWXUH�DQG� LQVWUXFWLRQ�VHW��VHH� WKH�706���&��[�&38�DQG� ,QVWUXFWLRQ�6HW�
5HIHUHQFH�*XLGH�

������)ORDWLQJ�3RLQW�8QLW��)38�

7KH�&��[� SOXV� IORDWLQJ�SRLQW� �&��[�)38�� SURFHVVRU� H[WHQGV� WKH� FDSDELOLWLHV� RI� WKH�&��[� IL[HG�SRLQW� &38� E\�
DGGLQJ�UHJLVWHUV�DQG�LQVWUXFWLRQV�WR�VXSSRUW�,(((�VLQJOH�SUHFLVLRQ�IORDWLQJ�SRLQW�RSHUDWLRQV�

'HYLFHV�ZLWK� WKH�&��[�)38�LQFOXGH�WKH�VWDQGDUG�&��[�UHJLVWHU�VHW�SOXV�DQ�DGGLWLRQDO�VHW�RI� IORDWLQJ�SRLQW�XQLW�
UHJLVWHUV��7KH�DGGLWLRQDO�IORDWLQJ�SRLQW�XQLW�UHJLVWHUV�DUH�WKH�IROORZLQJ�
� (LJKW�IORDWLQJ�SRLQW�UHVXOW�UHJLVWHUV��5Q+��ZKHUH�Q� ��±��
� )ORDWLQJ�SRLQW�6WDWXV�5HJLVWHU��67)�
� 5HSHDW�%ORFN�5HJLVWHU��5%�

$OO� RI� WKH� IORDWLQJ�SRLQW� UHJLVWHUV�� H[FHSW� WKH�5%�� DUH� VKDGRZHG�� 7KLV� VKDGRZLQJ� FDQ� EH� XVHG� LQ� KLJK�SULRULW\�
LQWHUUXSWV�IRU�IDVW�FRQWH[W�VDYH�DQG�UHVWRUH�RI�WKH�IORDWLQJ�SRLQW�UHJLVWHUV�

)RU�PRUH� LQIRUPDWLRQ�RQ� WKH�&��[�)ORDWLQJ�3RLQW�8QLW� �)38���VHH� WKH�706���&��[�([WHQGHG� ,QVWUXFWLRQ�6HWV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�

������)DVW�,QWHJHU�'LYLVLRQ�8QLW

7KH� )DVW� ,QWHJHU� 'LYLVLRQ� �),17',9�� XQLW� RI� WKH� &��[� &38� XQLTXHO\� VXSSRUWV� WKUHH� W\SHV� RI� LQWHJHU� GLYLVLRQ�
�7UXQFDWHG��0RGXOXV��(XFOLGHDQ��RI�YDU\LQJ�GDWD� W\SH�VL]HV� ������������������������������������ LQ�XQVLJQHG�RU�
VLJQHG�IRUPDWV�
� 7UXQFDWHG�LQWHJHU�GLYLVLRQ�LV�QDWXUDOO\�VXSSRUWHG�E\�&�ODQJXDJH�������RSHUDWRUV��
� 0RGXOXV�DQG�(XFOLGHDQ�GLYLVLRQV�DUH�YDULDQWV�WKDW�DUH�PRUH�HIILFLHQW�IRU�FRQWURO�DOJRULWKPV�DQG�DUH�VXSSRUWHG�

E\�&�LQWULQVLFV�

$OO� WKUHH� W\SHV� RI� LQWHJHU� GLYLVLRQ� SURGXFH� ERWK� D� TXRWLHQW� DQG� UHPDLQGHU� FRPSRQHQW�� DUH� LQWHUUXSWLEOH�� DQG�
H[HFXWH� LQ� D� PLQLPXP� QXPEHU� RI� GHWHUPLQLVWLF� F\FOHV� ���� F\FOHV� IRU� D� ������ GLYLVLRQ��� ,Q� DGGLWLRQ�� WKH� )DVW�
'LYLVLRQ�FDSDELOLWLHV�RI� WKH�&��[�&38�XQLTXHO\�VXSSRUW� IDVW�H[HFXWLRQ�RI� IORDWLQJ�SRLQW����ELW� �LQ���F\FOHV��DQG�
���ELW��LQ����F\FOHV��GLYLVLRQ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�IDVW�LQWHJHU�GLYLVLRQ��VHH�WKH�)DVW�,QWHJHU�'LYLVLRQ�±�$�'LIIHUHQWLDWHG�2IIHULQJ�)URP�
&������3URGXFW�)DPLO\�$SSOLFDWLRQ�5HSRUW�

������7ULJRQRPHWULF�0DWK�8QLW��708�

7KH� WULJRQRPHWULF� PDWK� XQLW� �708�� H[WHQGV� WKH� FDSDELOLWLHV� RI� D� &��[�)38� E\� DGGLQJ� LQVWUXFWLRQV� DQG�
OHYHUDJLQJ� H[LVWLQJ� )38� LQVWUXFWLRQV� WR� VSHHG� XS� WKH� H[HFXWLRQ� RI� FRPPRQ� WULJRQRPHWULF� DQG� DULWKPHWLF�
RSHUDWLRQV�OLVWHG�LQ�7DEOH�����

7DEOH������708�6XSSRUWHG�,QVWUXFWLRQV

,QVWUXFWLRQV &�(TXLYDOHQW�2SHUDWLRQ 3LSHOLQH�&\FOHV

03<�3,)���5D+�5E+ D� �E�
��SL ���

',9�3,)���5D+�5E+ D� �E����SL ���

',9)���5D+�5E+�5F+ D� �E�F �

6457)���5D+�5E+ D� �VTUW�E� �
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7DEOH������708�6XSSRUWHG�,QVWUXFWLRQV��FRQWLQXHG�

,QVWUXFWLRQV &�(TXLYDOHQW�2SHUDWLRQ 3LSHOLQH�&\FOHV

6,138)���5D+�5E+ D� �VLQ�E
�SL� �

&2638)���5D+�5E+ D� �FRV�E
�SL� �

$7$138)���5D+�5E+ D� �DWDQ�E���SL �

48$')���5D+�5E+�5F+�5G+ 2SHUDWLRQ�WR�DVVLVW�LQ�FDOFXODWLQJ�$7$138� �

1R�FKDQJHV�KDYH�EHHQ�PDGH�WR�H[LVWLQJ�LQVWUXFWLRQV��SLSHOLQH�RU�PHPRU\�EXV�DUFKLWHFWXUH��$OO�708�LQVWUXFWLRQV�
XVH�WKH�H[LVWLQJ�)38�UHJLVWHU�VHW��5�+�WR�5�+��WR�FDUU\�RXW�WKHLU�RSHUDWLRQV�

)RU�PRUH�LQIRUPDWLRQ��VHH�WKH�706���&��[�([WHQGHG�,QVWUXFWLRQ�6HWV�7HFKQLFDO�5HIHUHQFH�0DQXDO�

������9&5&�8QLW

&\FOLF� UHGXQGDQF\� FKHFN� �&5&�� DOJRULWKPV� SURYLGH� D� VWUDLJKWIRUZDUG�PHWKRG� IRU� YHULI\LQJ� GDWD� LQWHJULW\� RYHU�
ODUJH�GDWD�EORFNV��FRPPXQLFDWLRQ�SDFNHWV��RU�FRGH�VHFWLRQV��7KH�&��[�9&5&�FDQ�SHUIRUP���ELW�����ELW�����ELW��
DQG����ELW�&5&V��)RU�H[DPSOH��WKH�9&5&�FDQ�FRPSXWH�WKH�&5&�IRU�D�EORFN�OHQJWK�RI����E\WHV�LQ����F\FOHV��$�
&5&�UHVXOW�UHJLVWHU�FRQWDLQV�WKH�FXUUHQW�&5&��ZKLFK�LV�XSGDWHG�ZKHQHYHU�D�&5&�LQVWUXFWLRQ�LV�H[HFXWHG�

7KH�IROORZLQJ�DUH�WKH�&5&�SRO\QRPLDOV�XVHG�E\�WKH�&5&�FDOFXODWLRQ�ORJLF�RI�WKH�9&5&�
� &5&��SRO\QRPLDO� ��[��
� &5&���SRO\QRPLDO��� ��[����
� &5&���SRO\QRPLDO��� ��[����
� &5&���SRO\QRPLDO� ��[�G�GFE
� &5&���SRO\QRPLDO��� ��[��F��GE�
� &5&���SRO\QRPLDO��� ��[�HGF�I��

7KLV�PRGXOH�FDQ�FDOFXODWH�&5&V�IRU�D�E\WH�RI�GDWD� LQ�D�VLQJOH�F\FOH��7KH�&5&�FDOFXODWLRQ� IRU�&5&���&5&����
&5&����DQG�&5&��� LV�GRQH�E\WH�ZLVH� �LQVWHDG�RI�FRPSXWLQJ�RQ�D�FRPSOHWH����ELW�RU����ELW�GDWD� UHDG�E\� WKH�
&��[�FRUH��WR�PDWFK�WKH�E\WH�ZLVH�FRPSXWDWLRQ�UHTXLUHPHQW�PDQGDWHG�E\�YDULRXV�VWDQGDUGV�

7KH�9&5&�8QLW�DOVR�DOORZV�WKH�XVHU�WR�SURYLGH�WKH�VL]H���E���E��DQG�YDOXH�RI�DQ\�SRO\QRPLDO�WR�ILW�FXVWRP�&5&�
UHTXLUHPHQWV��7KH�&5&�H[HFXWLRQ�WLPH�LQFUHDVHV�WR�WKUHH�F\FOHV�ZKHQ�XVLQJ�D�FXVWRP�SRO\QRPLDO�

)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�&\FOLF�5HGXQGDQF\�&KHFN��9&5&��LQVWUXFWLRQ�VHWV��VHH�WKH�706���&��[�([WHQGHG�
,QVWUXFWLRQ�6HWV�7HFKQLFDO�5HIHUHQFH�0DQXDO�
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����&RQWURO�/DZ�$FFHOHUDWRU��&/$�

7KH� &/$� 7\SH��� LV� DQ� LQGHSHQGHQW�� IXOO\� SURJUDPPDEOH�� ���ELW� IORDWLQJ�SRLQW� PDWK� SURFHVVRU� WKDW� EULQJV�
FRQFXUUHQW� FRQWURO�ORRS� H[HFXWLRQ� WR� WKH� &��[� IDPLO\�� 7KH� ORZ� LQWHUUXSW�ODWHQF\� RI� WKH� &/$� DOORZV� LW� WR� UHDG�
$'&�VDPSOHV��MXVW�LQ�WLPH���7KLV�VLJQLILFDQWO\�UHGXFHV�WKH�$'&�VDPSOH�WR�RXWSXW�GHOD\�WR�HQDEOH�IDVWHU�V\VWHP�
UHVSRQVH�DQG�KLJKHU�0+]�FRQWURO�ORRSV��%\�XVLQJ�WKH�&/$�WR�VHUYLFH�WLPH�FULWLFDO�FRQWURO�ORRSV��WKH�PDLQ�&38�LV�
IUHH�WR�SHUIRUP�RWKHU�V\VWHP�WDVNV�VXFK�DV�FRPPXQLFDWLRQV�DQG�GLDJQRVWLFV�

7KH�FRQWURO�ODZ�DFFHOHUDWRU�H[WHQGV�WKH�FDSDELOLWLHV�RI�WKH�&��[�&38�E\�DGGLQJ�SDUDOOHO�SURFHVVLQJ��7LPH�FULWLFDO�
FRQWURO�ORRSV�VHUYLFHG�E\�WKH�&/$�FDQ�DFKLHYH�ORZ�$'&�VDPSOH�WR�RXWSXW�GHOD\��7KXV��WKH�&/$�HQDEOHV�IDVWHU�
V\VWHP� UHVSRQVH�DQG�KLJKHU� IUHTXHQF\� FRQWURO� ORRSV��8VLQJ� WKH�&/$� IRU� WLPH�FULWLFDO� WDVNV� IUHHV� XS� WKH�PDLQ�
&38�WR�SHUIRUP�RWKHU�V\VWHP�DQG�FRPPXQLFDWLRQ�IXQFWLRQV�FRQFXUUHQWO\�

7KH�IROORZLQJ�LV�D�OLVW�RI�PDMRU�IHDWXUHV�RI�WKH�&/$�
� &ORFNHG�DW�WKH�VDPH�UDWH�DV�WKH�PDLQ�&38��6<6&/.287��
� $Q�LQGHSHQGHQW�DUFKLWHFWXUH�DOORZLQJ�&/$�DOJRULWKP�H[HFXWLRQ�LQGHSHQGHQW�RI�WKH�PDLQ�&��[�&38�

± &RPSOHWH�EXV�DUFKLWHFWXUH�
� 3URJUDP�$GGUHVV�%XV��3$%��DQG�3URJUDP�'DWD�%XV��3'%�
� 'DWD�5HDG�$GGUHVV�%XV��'5$%���'DWD�5HDG�'DWD�%XV��'5'%���'DWD�:ULWH�$GGUHVV�%XV��':$%���DQG�

'DWD�:ULWH�'DWD�%XV��':'%�
± ,QGHSHQGHQW���VWDJH�SLSHOLQH�
± ���ELW�SURJUDP�FRXQWHU��03&�
± )RXU����ELW�UHVXOW�UHJLVWHUV��05��WR�05��
± 7ZR����ELW�DX[LOLDU\�UHJLVWHUV��0$5���0$5��
± 6WDWXV�UHJLVWHU��067)�

� ,QVWUXFWLRQ�VHW�LQFOXGHV�
± ,(((�VLQJOH�SUHFLVLRQ�����ELW��IORDWLQJ�SRLQW�PDWK�RSHUDWLRQV
± )ORDWLQJ�SRLQW�PDWK�ZLWK�SDUDOOHO�ORDG�RU�VWRUH
± )ORDWLQJ�SRLQW�PXOWLSO\�ZLWK�SDUDOOHO�DGG�RU�VXEWUDFW
± ��;�DQG���VTUW�;��HVWLPDWLRQV
± 'DWD�W\SH�FRQYHUVLRQV
± &RQGLWLRQDO�EUDQFK�DQG�FDOO
± 'DWD�ORDG�VWRUH�RSHUDWLRQV

� 7KH�&/$�SURJUDP�FRGH�FDQ�FRQVLVW�RI�XS�WR�HLJKW�WDVNV�RU�LQWHUUXSW�VHUYLFH�URXWLQHV��RU�VHYHQ�WDVNV�DQG�D�
PDLQ�EDFNJURXQG�WDVN�
± 7KH�VWDUW�DGGUHVV�RI�HDFK�WDVN�LV�VSHFLILHG�E\�WKH�09(&7�UHJLVWHUV�
± 1R�OLPLW�RQ�WDVN�VL]H�DV�ORQJ�DV�WKH�WDVNV�ILW�ZLWKLQ�WKH�FRQILJXUDEOH�&/$�SURJUDP�PHPRU\�VSDFH�
± 2QH�WDVN�LV�VHUYLFHG�DW�D�WLPH�XQWLO�LWV�FRPSOHWLRQ��7KHUH�LV�QR�QHVWLQJ�RI�WDVNV�
± 8SRQ�WDVN�FRPSOHWLRQ�D�WDVN�VSHFLILF�LQWHUUXSW�LV�IODJJHG�ZLWKLQ�WKH�3,(�
± :KHQ�D�WDVN�ILQLVKHV�WKH�QH[W�KLJKHVW�SULRULW\�SHQGLQJ�WDVN�LV�DXWRPDWLFDOO\�VWDUWHG�
± 7KH�7\SH���&/$�FDQ�KDYH�D�PDLQ�WDVN�WKDW�UXQV�FRQWLQXRXVO\�LQ�WKH�EDFNJURXQG��ZKLOH�RWKHU�KLJK�SULRULW\�

HYHQWV�WULJJHU�D�IRUHJURXQG�WDVN�
� 7DVN�WULJJHU�PHFKDQLVPV�

± &��[�&38�WKURXJK�WKH�,$&.�LQVWUXFWLRQ
± 7DVN��WR�7DVN���XS�WR�����SRVVLEOH�WULJJHU�VRXUFHV�IURP�SHULSKHUDOV�FRQQHFWHG�WR�WKH�VKDUHG�EXV�RQ�ZKLFK�

WKH�&/$�DVVXPHV�VHFRQGDU\�RZQHUVKLS�
± 7DVN��FDQ�EH�VHW�WR�EH�WKH�EDFNJURXQG�WDVN��ZKLOH�7DVNV���WR���WDNH�SHULSKHUDO�WULJJHUV�

� 0HPRU\�DQG�6KDUHG�3HULSKHUDOV�
± 7ZR�GHGLFDWHG�PHVVDJH�5$0V�IRU�FRPPXQLFDWLRQ�EHWZHHQ�WKH�&/$�DQG�WKH�PDLQ�&38�
± 7KH�&��[�&38�FDQ�PDS�&/$�SURJUDP�DQG�GDWD�PHPRU\�WR�WKH�PDLQ�&38�VSDFH�RU�&/$�VSDFH�
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CPU Read Data Bus

CLA_INT1
to

CLA_INT8

MR0(32)

MVECT1(16)

MIFR(16)

MPC(16)

MIER(16)

MIFRC(16)

MIRUN(16)

MR1(32)

MR3(32)

MAR0(16)

CPU Read/Write Data Bus

CLA Execution 

Register Set

CLA Control 

Register Set

MSTF(32)

MPERINT1

to

MPERINT8

SYSCLK

PIE

CLA Clock Enable

From Shared 
Peripherals

CLA Program 

Memory (LSx)

CLA Data

Memory (LSx)

SYSRS

MR2(32)

MAR1(16)

MIOVF(16)

MICLR(16)

MCTL(16)

MICLROVF(16)

LVF

LUF

CLA Message

RAMs

Shared

PeripheralsMEALLOW

C
L
A

 D
a
ta

 B
u

s

C28x 
CPUINT11

INT12

MVECT2(16)

MVECT3(16)

MVECT4(16)

MVECT5(16)

MVECT6(16)

MVECT7(16)

MVECT8(16)

C
P

U
 D

a
ta

 B
u
s

LSxMSEL[MSEL_LSx]

LSxCLAPGM[CLAPGM_LSx]

CLA Program Bus

MVECTBGRND(16)

MVECTBGRNDACTIVE(16)

MCTLBGRND(16)

MSTSBGRND(16)

CLA1SOFTINTEN(16)

CLA1INTFRC(16)

MPSACTL(16)

MPSA1(32)

MPSA2(32)

)LJXUH������&/$�%ORFN�'LDJUDP
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����(PEHGGHG�5HDO�7LPH�$QDO\VLV�DQG�'LDJQRVWLF��(5$'�

7KH�(5$'�PRGXOH�HQKDQFHV�WKH�GHEXJ�DQG�V\VWHP�DQDO\VLV�FDSDELOLWLHV�RI�WKH�GHYLFH��7KH�GHEXJ�DQG�V\VWHP�
DQDO\VLV�HQKDQFHPHQWV�SURYLGHG�E\�WKH�(5$'�PRGXOH�LV�GRQH�RXWVLGH�RI�WKH�&38��7KH�(5$'�PRGXOH�FRQVLVWV�
RI� WKH�(QKDQFHG�%XV�&RPSDUDWRU�XQLWV�DQG� WKH�6\VWHP�(YHQW�&RXQWHU�XQLWV��7KH�(QKDQFHG�%XV�&RPSDUDWRU�
XQLWV�DUH�XVHG�WR�JHQHUDWH�KDUGZDUH�EUHDNSRLQWV��KDUGZDUH�ZDWFK�SRLQWV��DQG�RWKHU�RXWSXW�HYHQWV��7KH�6\VWHP�
(YHQW� &RXQWHU� XQLWV� DUH� XVHG� WR� DQDO\]H� DQG� SURILOH� WKH� V\VWHP�� 7KH� (5$'� PRGXOH� LV� DFFHVVLEOH� E\� WKH�
GHEXJJHU�DQG�E\�WKH�DSSOLFDWLRQ�VRIWZDUH��ZKLFK�VLJQLILFDQWO\�LQFUHDVHV�WKH�GHEXJ�FDSDELOLWLHV�RI�PDQ\�UHDO�WLPH�
V\VWHPV�� HVSHFLDOO\� LQ� VLWXDWLRQV� ZKHUH� GHEXJJHUV� DUH� QRW� FRQQHFWHG�� ,Q� WKH� 706���)�����[� GHYLFHV�� WKH�
(5$'� PRGXOH� FRQWDLQV� HLJKW� (QKDQFHG� %XV� &RPSDUDWRU� XQLWV� �ZKLFK� LQFUHDVHV� WKH� QXPEHU� RI� +DUGZDUH�
EUHDNSRLQWV�IURP�WZR�WR�WHQ��DQG�IRXU�%HQFKPDUN�6\VWHP�(YHQW�&RXQWHU�XQLWV�

����%DFNJURXQG�&5&�����%*&5&�

7KH� %DFNJURXQG� &5&� �%*&5&�� PRGXOH� FRPSXWHV� D� &5&���� RQ� D� FRQILJXUDEOH� EORFN� RI� PHPRU\�� ,W�
DFFRPSOLVKHV� WKLV� E\� IHWFKLQJ� WKH� VSHFLILHG� EORFN� RI�PHPRU\�GXULQJ� LGOH� F\FOHV� �ZKHQ� WKH�&38��+,&��&/$�RU�
'0$�LV�QRW�DFFHVVLQJ�WKH�PHPRU\�EORFN���7KH�FDOFXODWHG�&5&����YDOXH�LV�FRPSDUHG�DJDLQVW�D�JROGHQ�&5&����
YDOXH�WR�LQGLFDWH�D�SDVV�RU�IDLO��,Q�HVVHQFH��WKH�%*&5&�KHOSV�LGHQWLI\�PHPRU\�IDXOWV�DQG�FRUUXSWLRQ�

7KH�%*&5&�PRGXOH�KDV�WKH�IROORZLQJ�IHDWXUHV�
� 2QH�F\FOH�&5&����FRPSXWDWLRQ�RQ����ELWV�RI�GDWD
� 1R�&38�EDQGZLGWK�LPSDFW�IRU�]HUR�ZDLW�VWDWH�PHPRU\
� 0LQLPDO�&38�EDQGZLGWK�LPSDFW�IRU�QRQ�]HUR�ZDLW�VWDWH�PHPRU\
� 'XDO�RSHUDWLRQ�PRGHV��&5&����PRGH�DQG�VFUXE�PRGH�
� :DWFKGRJ�WLPHU�WR�WLPH�&5&����FRPSOHWLRQ
� $ELOLW\�WR�SDXVH�DQG�UHVXPH�&5&����FRPSXWDWLRQ
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�����'LUHFW�0HPRU\�$FFHVV��'0$�

7KH�'0$�PRGXOH�SURYLGHV�D�KDUGZDUH�PHWKRG�RI�WUDQVIHUULQJ�GDWD�EHWZHHQ�SHULSKHUDOV�DQG�RU�PHPRU\�ZLWKRXW�
LQWHUYHQWLRQ�IURP�WKH�&38��WKHUHE\�IUHHLQJ�XS�EDQGZLGWK�IRU�RWKHU�V\VWHP�IXQFWLRQV��$GGLWLRQDOO\��WKH�'0$�KDV�
WKH�FDSDELOLW\�WR�RUWKRJRQDOO\�UHDUUDQJH�WKH�GDWD�DV�LW�LV�WUDQVIHUUHG�DV�ZHOO�DV�³SLQJ�SRQJ´�GDWD�EHWZHHQ�EXIIHUV��
7KHVH� IHDWXUHV� DUH� XVHIXO� IRU� VWUXFWXULQJ� GDWD� LQWR� EORFNV� IRU� RSWLPDO� &38� SURFHVVLQJ�� )LJXUH� ���� VKRZV� D�
GHYLFH�OHYHO�EORFN�GLDJUDP�RI�WKH�'0$�

'0$�IHDWXUHV�LQFOXGH�
� 6L[�FKDQQHOV�ZLWK�LQGHSHQGHQW�3,(�LQWHUUXSWV
� 3HULSKHUDO�LQWHUUXSW�WULJJHU�VRXUFHV

± $'&�LQWHUUXSWV�DQG�(97�VLJQDOV
± ([WHUQDO�,QWHUUXSWV
± H3:0�62&�VLJQDOV
± &38�WLPHUV
± H&$3
± 63,�WUDQVPLW�DQG�UHFHLYH
± &$1�WUDQVPLW�DQG�UHFHLYH
± /,1�WUDQVPLW�DQG�UHFHLYH

� 'DWD�VRXUFHV�DQG�GHVWLQDWLRQV�
± *6[�5$0
± $'&�UHVXOW�UHJLVWHUV
± &RQWURO�SHULSKHUDO�UHJLVWHUV��H3:0��H4(3��H&$3�
± 63,��/,1��&$1��DQG�30%XV�UHJLVWHUV

� :RUG�6L]H�����ELW�RU����ELW��63,�OLPLWHG�WR����ELW�
� 7KURXJKSXW��)RXU�F\FOHV�SHU�ZRUG�ZLWKRXW�DUELWUDWLRQ

DMA Trigger 

Source Selection

DMACHSRCSEL1.CHx

DMACHSRCSEL2.CHx

CHx.MODE.PERINTSEL 

(x = 1 to 6)

DMA

C28x

PIE

D
M

A
_
C

H
x
(1

-6
)

DCAN

DMA bus

LIN
ADC 

WRAPPER
ADC 

RESULTS
Global Shared RAM

C28x bus

XINT TIMER

SDFM eQEP eCAP EPWM

TINT (0-2)

XINT(1-5)

ADCx.INT(1-5), ADCx.EVT

CANxIF(1-3)

ECAP(1-3)DMA

EPWM(1-8).SOCA, EPWM(1-8.SOCB

SPITXDMA(A-B)

SPIRXDMA(A-B)

FSITXADMA, FSIRXADMA

FSI_DATA_TAG_MATCH,

FSI_PING_TAG_MATCH

CMPSS SPI
PM

Bus
HIC

HICA_INT

AES

AESA_ContextIn,  AESA_ContextOut, AESA_DataIn, AESA_DataOut

SDxDRINT1-4

LINxTXDMA, LINxRXDMA

EPG CLB

EPG1INT

CLB1-4INT

FSIDAC

)LJXUH������'0$�%ORFN�'LDJUDP

ZZZ�WL�FRP
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�����'HYLFH�%RRW�0RGHV

7KLV�VHFWLRQ�H[SODLQV�WKH�GHIDXOW�ERRW�PRGHV��DV�ZHOO�DV�DOO�WKH�DYDLODEOH�ERRW�PRGHV�VXSSRUWHG�RQ�WKLV�GHYLFH��
7KH� ERRW� 520� XVHV� WKH� ERRW� PRGH� VHOHFW�� JHQHUDO�SXUSRVH� LQSXW�RXWSXW� �*3,2�� SLQV� WR� GHWHUPLQH� WKH� ERRW�
PRGH�FRQILJXUDWLRQ�

7DEOH�����VKRZV�WKH�ERRW�PRGH�RSWLRQV�DYDLODEOH�IRU�VHOHFWLRQ�E\�WKH�GHIDXOW�ERRW�PRGH�VHOHFW�SLQV��8VHUV�KDYH�
WKH�RSWLRQ�WR�SURJUDP�WKH�GHYLFH�WR�FXVWRPL]H�WKH�ERRW�PRGHV�VHOHFWDEOH�LQ�WKH�ERRW�XS�WDEOH�DV�ZHOO�DV�WKH�ERRW�
PRGH�VHOHFW�SLQ�*3,2V�XVHG�

$OO� WKH�SHULSKHUDO�ERRW�PRGHV� WKDW�DUH�VXSSRUWHG�XVH� WKH� ILUVW� LQVWDQFH�RI� WKH�SHULSKHUDO�PRGXOH� �6&,$��63,$��
,�&$��&$1$��DQG�VR�IRUWK���:KHQHYHU�WKHVH�ERRW�PRGHV�DUH�UHIHUUHG�WR�LQ�WKLV�FKDSWHU��VXFK�DV�6&,�ERRW��LW� LV�
DFWXDOO\�UHIHUULQJ�WR�WKH�ILUVW�PRGXOH�LQVWDQFH��ZKLFK�PHDQV�WKH�6&,�ERRW�RQ�WKH�6&,$�SRUW��7KH�VDPH�DSSOLHV�WR�
WKH�RWKHU�SHULSKHUDO�ERRWV�

6HH� 6HFWLRQ� ����������� DQG� WKH� 3RZHU�RQ� 5HVHW� ILJXUH� IRU� WERRW�IODVK�� WKH� ERRW� 520� H[HFXWLRQ� WLPH� WR� ILUVW�
LQVWUXFWLRQ�IHWFK�LQ�IODVK�

7DEOH������'HYLFH�'HIDXOW�%RRW�0RGHV

%227�02'(
*3,2��

�'()$8/7�%227�02'(�6(/(&7�3,1���

*3,2��

�'()$8/7�%227�02'(�6(/(&7�3,1���

3DUDOOHO�,2 � �

6&,���:DLW�%RRW��� � �

&$1 � �

)ODVK � �

��� 6&,�ERRW�PRGH�FDQ�EH�XVHG�DV�D�ZDLW�ERRW�PRGH�DV�ORQJ�DV�6&,�FRQWLQXHV�WR�ZDLW�IRU�DQ�
$
�RU�
D
�GXULQJ�WKH�6&,�DXWREDXG�ORFN�
SURFHVV�
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�������'HYLFH�%RRW�&RQILJXUDWLRQV

7KLV� VHFWLRQ� GHWDLOV� ZKDW� ERRW� FRQILJXUDWLRQV� DUH� DYDLODEOH� DQG� KRZ� WR� FRQILJXUH� WKHP�� 7KLV� GHYLFH� VXSSRUWV�
IURP���ERRW�PRGH�VHOHFW�SLQV�XS� WR���ERRW�PRGH�VHOHFW�SLQV�DV�ZHOO�DV� IURP���FRQILJXUHG�ERRW�PRGH�XS� WR���
FRQILJXUHG�ERRW�PRGHV�

7R�FKDQJH�DQG�FRQILJXUH� WKH�GHYLFH� IURP� WKH�GHIDXOW� VHWWLQJV� WR� FXVWRP�VHWWLQJV� IRU� \RXU�DSSOLFDWLRQ��XVH� WKH�
IROORZLQJ�SURFHVV�

�� 'HWHUPLQH�DOO�WKH�YDULRXV�ZD\V�\RX�ZDQW�DSSOLFDWLRQ�WR�EH�DEOH�WR�ERRW���)RU�H[DPSOH��3ULPDU\�ERRW�RSWLRQ�RI�
)ODVK�ERRW�IRU�\RXU�PDLQ�DSSOLFDWLRQ��VHFRQGDU\�ERRW�RSWLRQ�RI�&$1�ERRW�IRU�ILUPZDUH�XSGDWHV��WHUWLDU\�ERRW�
RSWLRQ�RI�6&,�ERRW�IRU�GHEXJJLQJ��HWF�

�� %DVHG�RQ�WKH�QXPEHU�RI�ERRW�PRGHV�QHHGHG��GHWHUPLQH�KRZ�PDQ\�ERRW�PRGH�VHOHFW�SLQV��%063V��DUH�
UHTXLUHG�WR�VHOHFW�EHWZHHQ�\RXU�VHOHFWHG�ERRW�PRGHV���)RU�H[DPSOH����%063V�DUH�UHTXLUHG�WR�VHOHFW�
EHWZHHQ���ERRW�PRGH�RSWLRQV�

�� $VVLJQ�WKH�UHTXLUHG�%063V�WR�D�SK\VLFDO�*3,2�SLQ���)RU�H[DPSOH��%063��WR�*3,2����%063��WR�*3,2����
DQG�%063��OHIW�DV�GHIDXOW�ZKLFK�LV�GLVDEOHG���5HIHU�WR�6HFWLRQ����������IRU�DOO�WKH�GHWDLOV�RQ�SHUIRUPLQJ�WKHVH�
FRQILJXUDWLRQV�

�� $VVLJQ�WKH�GHWHUPLQHG�ERRW�PRGH�GHILQLWLRQV�WR�LQGH[HV�LQ�\RXU�FXVWRP�ERRW�WDEOH�WKDW�FRUUHODWH�WR�
WKH�GHFRGHG�YDOXH�RI�WKH�%063V��)RU�H[DPSOH��%227'()� %RRW�WR�)ODVK��%227'()� &$1�%RRW��
%227'()� 6&,�%RRW��DOO�RWKHU�%227'()[�DUH�OHIW�DV�GHIDXOW�QRWKLQJ���5HIHU�WR�6HFWLRQ����������IRU�DOO�
WKH�GHWDLOV�RQ�VHWWLQJ�XS�DQG�FRQILJXULQJ�WKH�FXVWRP�ERRW�PRGH�WDEOH�

$GGLWLRQDOO\�� WKH� %RRW�0RGH� ([DPSOH� 8VH�&DVHV� VHFWLRQ� RI� WKH�706���)�����[� 5HDO�7LPH�0LFURFRQWUROOHUV�
7HFKQLFDO�5HIHUHQFH�0DQXDO�SURYLGHV�VRPH�H[DPSOH�XVH�FDVHV�RQ�KRZ� WR�FRQILJXUH� WKH�%063V�DQG�FXVWRP�
ERRW�WDEOHV�

1RWH

7KH�&$1�ERRW�PRGH�WXUQV�RQ�WKH�;7$/��%H�VXUH�DQ�;7$/�LV�LQVWDOOHG�LQ�WKH�DSSOLFDWLRQ�EHIRUH�XVLQJ�
&$1�ERRW�PRGH�
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���������&RQILJXULQJ�%RRW�0RGH�3LQV

7KLV� VHFWLRQ� H[SODLQV� KRZ� WKH� ERRW� PRGH� VHOHFW� SLQV� FDQ� EH� FXVWRPL]HG� E\� WKH� XVHU�� E\� SURJUDPPLQJ�
WKH� %2273,1�&21),*� ORFDWLRQ� �UHIHU� WR� 7DEOH� ����� LQ� WKH� XVHU�FRQILJXUDEOH� GXDO�]RQH� VHFXULW\� PRGXOH�
�'&60��273��7KH� ORFDWLRQ� LQ� WKH�'&60�273� LV�=��273�%2273,1�&21),*�RU�=��273�%2273,1�&21),*��
:KHQ�GHEXJJLQJ��(08�%2273,1�&21),*�LV�WKH�HPXODWLRQ�HTXLYDOHQW�RI�=��273�%2273,1�&21),*�=��273�
%2273,1�&21),*��DQG�FDQ�EH�SURJUDPPHG� WR�H[SHULPHQW�ZLWK�GLIIHUHQW�ERRW�PRGHV�ZLWKRXW�ZULWLQJ� WR�273��
7KH�GHYLFH�FDQ�EH�SURJUDPPHG�WR�XVH����������RU���ERRW�PRGH�VHOHFW�SLQV�DV�QHHGHG�

1RWH

:KHQ� XVLQJ� =��273�%2273,1�&21),*�� WKH� FRQILJXUDWLRQV� SURJUDPPHG� LQ� WKLV� ORFDWLRQ� ZLOO� WDNH�
SULRULW\� RYHU� WKH� FRQILJXUDWLRQV� LQ� =��273�%2273,1�&21),*�� ,W� LV� UHFRPPHQGHG� WR� XVH� =��273�
%2273,1�&21),*�ILUVW�DQG�WKHQ�LI�273�FRQILJXUDWLRQV�QHHG�WR�EH�DOWHUHG��VZLWFK�WR�XVLQJ�=��273�
%2273,1�&21),*�

7DEOH������%2273,1�&21),*�%LW�)LHOGV

%,7 1$0( '(6&5,37,21

����� .H\ :ULWH��[�$�WR�WKHVH���ELWV�WR�LQGLFDWH�WKH�ELWV�LQ�WKLV�UHJLVWHU�DUH�YDOLG

����� %RRW�0RGH�6HOHFW�3LQ����%063�� 5HIHU�WR�%063��GHVFULSWLRQ�H[FHSW�IRU�%063�

���� %RRW�0RGH�6HOHFW�3LQ����%063�� 5HIHU�WR�%063��GHVFULSWLRQ�H[FHSW�IRU�%063�

��� %RRW�0RGH�6HOHFW�3LQ����%063��

6HW�WR�WKH�*3,2�SLQ�WR�EH�XVHG�GXULQJ�ERRW��XS�WR������

���[�� �*3,2�

���[��� �*3,2�

��DQG�VR�RQ

:ULWLQJ��[))�GLVDEOHV�%063��DQG�WKLV�SLQ�LV�QR�ORQJHU�XVHG�WR�VHOHFW�

WKH�ERRW�PRGH�

7KH�IROORZLQJ�*3,2V�FDQQRW�EH�XVHG�DV�D�%063��,I�VHOHFWHG�IRU�D�SDUWLFXODU�%063��WKH�ERRW�520�DXWRPDWLFDOO\�
VHOHFWV�WKH�IDFWRU\�GHIDXOW�*3,2��WKH�IDFWRU\�GHIDXOW�IRU�%063��LV��[))��ZKLFK�GLVDEOHV�WKH�%063��
� *3,2����DQG�*3,2���
� *3,2����DQG�*3,2���
� *3,2����WR�*3,2����
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7DEOH�������6WDQGDORQH�%RRW�0RGH�6HOHFW�3LQ�'HFRGLQJ

%2273,1B&21),*

.(<
%063� %063� %063� 5($/,=('�%227�02'(

� ��[�$ 'RQ¶W�&DUH 'RQ¶W�&DUH 'RQ¶W�&DUH %RRW�DV�GHILQHG�E\�WKH�IDFWRU\�GHIDXOW�%063V

 ��[�$

�[)) �[)) �[))
%RRW�DV�GHILQHG�LQ�WKH�ERRW�WDEOH�IRU�ERRW�PRGH�
�
�$OO�%063V�GLVDEOHG�

9DOLG�*3,2 �[)) �[))
%RRW�DV�GHILQHG�E\�WKH�YDOXH�RI�%063�
�%063��DQG�%063��GLVDEOHG�

�[)) 9DOLG�*3,2 �[))
%RRW�DV�GHILQHG�E\�WKH�YDOXH�RI�%063�
�%063��DQG�%063��GLVDEOHG�

�[)) �[)) 9DOLG�*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXH�RI�%063�
�%063��DQG�%063��GLVDEOHG�

9DOLG�*3,2 9DOLG�*3,2 �[))
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063��DQG�
%063�
�%063��GLVDEOHG�

9DOLG�*3,2 �[)) 9DOLG�*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063��DQG�
%063�
�%063��GLVDEOHG�

�[)) 9DOLG�*3,2 9DOLG�*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063��DQG�
%063�
�%063��GLVDEOHG�

9DOLG�*3,2 9DOLG�*3,2 9DOLG�*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063���
%063���DQG�%063�

,QYDOLG�*3,2 9DOLG�*3,2 9DOLG�*3,2

%063��LV�UHVHW�WR�WKH�IDFWRU\�GHIDXOW�%063��
*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063���
%063���DQG�%063�

9DOLG�*3,2 ,QYDOLG�*3,2 9DOLG�*3,2

%063��LV�UHVHW�WR�WKH�IDFWRU\�GHIDXOW�%063��
*3,2
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063���
%063���DQG�%063�

9DOLG�*3,2 9DOLG�*3,2 ,QYDOLG�*3,2

%063��LV�UHVHW�WR�WKH�IDFWRU\�GHIDXOW�VWDWH��
ZKLFK�LV�GLVDEOHG
%RRW�DV�GHILQHG�E\�WKH�YDOXHV�RI�%063��DQG�
%063�

×

1RWH

:KHQ�GHFRGLQJ�WKH�ERRW�PRGH��%063��LV�WKH�OHDVW�VLJQLILFDQW�ELW�DQG�%063��LV�WKH�PRVW�VLJQLILFDQW�
ELW� RI� WKH� ERRW� WDEOH� LQGH[� YDOXH�� ,W� LV� UHFRPPHQGHG�ZKHQ� GLVDEOLQJ�%063V� WR� VWDUW� ZLWK� GLVDEOLQJ�
%063���)RU� H[DPSOH�� LQ� DQ� LQVWDQFH�ZKHQ�RQO\� XVLQJ�%063�� �%063��DQG�%063��DUH�GLVDEOHG���
WKHQ�RQO\�WKH�ERRW�WDEOH�LQGH[HV�RI���DQG���ZLOO�EH�VHOHFWDEOH��,Q�WKH�LQVWDQFH�ZKHQ�XVLQJ�RQO\�%063���
WKHQ�WKH�VHOHFWDEOH�ERRW�WDEOH�LQGH[HV�DUH���DQG���

ZZZ�WL�FRP
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���������&RQILJXULQJ�%RRW�0RGH�7DEOH�2SWLRQV

7KLV�VHFWLRQ�H[SODLQV�KRZ� WR�FRQILJXUH� WKH�ERRW�GHILQLWLRQ� WDEOH��%227'()�� IRU� WKH�GHYLFH�DQG� WKH�DVVRFLDWHG�
ERRW�RSWLRQV��7KH����ELW�ORFDWLRQ�LV�ORFDWHG�LQ�XVHU�FRQILJXUDEOH�'&60�273�LQ�WKH�=��273�%227'()�/2:�DQG�
=��273�%227'()�+,*+� ORFDWLRQV��:KHQ� GHEXJJLQJ�� (08�%227'()�/2:� DQG� (08�%227'()�+,*+� DUH�
WKH�HPXODWLRQ�HTXLYDOHQWV�RI�=��273�%227'()�/2:�DQG�=��273�%227'()�+,*+��DQG�FDQ�EH�SURJUDPPHG�
WR�H[SHULPHQW�ZLWK�GLIIHUHQW�ERRW�PRGH�RSWLRQV�ZLWKRXW�ZULWLQJ� WR�273��7KH�UDQJH�RI�FXVWRPL]DWLRQ� WR� WKH�ERRW�
GHILQLWLRQ�WDEOH�GHSHQGV�RQ�KRZ�PDQ\�ERRW�PRGH�VHOHFW�SLQV��%063��DUH�EHLQJ�XVHG��)RU�H[DPSOH����%063V�
HTXDOV� WR��� WDEOH�HQWU\����%063�HTXDOV� WR��� WDEOH�HQWULHV����%063V�HTXDOV� WR��� WDEOH�HQWULHV��DQG���%063V�
HTXDOV�WR���WDEOH�HQWULHV��5HIHU�WR�WKH�706���)�����[�5HDO�7LPH�0LFURFRQWUROOHUV�7HFKQLFDO�5HIHUHQFH�0DQXDO�
IRU�H[DPSOHV�RQ�KRZ�WR�VHW�XS�WKH�%2273,1B&21),*�DQG�%227'()�YDOXHV�

1RWH

7KH� ORFDWLRQV� =��273�%227'()�/2:� DQG� =��273�%227'()�+,*+� ZLOO� EH� XVHG� LQVWHDG� RI� =��
273�%227'()�/2:�DQG�=��273�%227'()�+,*+� ORFDWLRQV�ZKHQ�=��273�%2273,1�&21),*� LV�
FRQILJXUHG��5HIHU�WR�&RQILJXULQJ�%RRW�0RGH�3LQV�IRU�PRUH�GHWDLOV�RQ�%2273,1B&21),*�XVDJH�

7DEOH�������%227'()�%LW�)LHOGV

%227'()�1$0(
%<7(�

326,7,21
1$0( '(6&5,37,21

%227B'()� ��� %227B'()��0RGH�2SWLRQV

6HW�WKH�ERRW�PRGH�IRU�LQGH[���RI�WKH�ERRW�WDEOH�

'LIIHUHQW�ERRW�PRGHV�DQG�WKHLU�RSWLRQV�FDQ�LQFOXGH��
IRU�H[DPSOH��D�ERRW�PRGH�WKDW�XVHV�GLIIHUHQW�*3,2V�
IRU�D�VSHFLILF�ERRWORDGHU�RU�D�GLIIHUHQW�IODVK�HQWU\�
SRLQW�DGGUHVV��$Q\�XQVXSSRUWHG�ERRW�PRGH�ZLOO�
FDXVH�WKH�GHYLFH�WR�HLWKHU�JR�WR�ZDLW�ERRW�RU�ERRW�WR�
IODVK�

5HIHU�WR�*3,2�$VVLJQPHQWV�IRU�YDOLG�%227'()�

YDOXHV�WR�VHW�LQ�WKH�WDEOH�

%227B'()� ���� %227B'()��0RGH�2SWLRQV

5HIHU�WR�%227B'()��GHVFULSWLRQ

%227B'()� ����� %227B'()��0RGH�2SWLRQV

%227B'()� ����� %227B'()��0RGH�2SWLRQV

%227B'()� ����� %227B'()��0RGH�2SWLRQV

%227B'()� ����� %227B'()��0RGH�2SWLRQV

%227B'()� ����� %227B'()��0RGH�2SWLRQV

%227B'()� ����� %227B'()��0RGH�2SWLRQV
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�������*3,2�$VVLJQPHQWV

7KLV� VHFWLRQ� GHWDLOV� WKH� *3,2V� DQG� ERRW� RSWLRQ� YDOXHV� XVHG� IRU� ERRW� PRGH� VHW� LQ� WKH� %227B'()�PHPRU\�
ORFDWLRQ�ORFDWHG�DW�=��273�%227'()�/2:��=��273�%227'()�/2:�DQG�=��273�%227'()�+,*+��=��273�
%227'()�+,*+�� 5HIHU� WR� &RQILJXULQJ� %RRW� 0RGH� 7DEOH� 2SWLRQV� RQ� KRZ� WR� FRQILJXUH� %227B'()�� :KHQ�
VHOHFWLQJ�D�ERRW�PRGH�RSWLRQ��PDNH�VXUH�WR�YHULI\�WKDW�WKH�QHFHVVDU\�SLQV�DUH�DYDLODEOH�LQ�WKH�SLQ�PX[�RSWLRQV�IRU�
WKH�VSHFLILF�GHYLFH�SDFNDJH�EHLQJ�XVHG�

7DEOH�������6&,�%RRW�2SWLRQV

237,21 %227'()�9$/8( 6&,7;'$�*3,2 6&,5;'$�*3,2

���GHIDXOW� �[�� *3,2�� *3,2��

� �[�� *3,2�� *3,2��

� �[�� *3,2� *3,2�

� �[�� *3,2� *3,2�

� �[�� *3,2�� *3,2�

7DEOH�������0&$1�%RRW�2SWLRQV

237,21 %227'()�9$/8( &$17;$�*3,2 &$15;$�*3,2

���GHIDXOW� �[�� *3,2� *3,2�

� �[�� *3,2� *3,2�

� �[�� *3,2�� *3,2��

7DEOH�������'&$1�%RRW�2SWLRQV

237,21 %227'()�9$/8( &$17;$�*3,2 &$15;$�*3,2

���GHIDXOW� �[�� *3,2� *3,2�

� �[�� *3,2�� *3,2��

� �[�� *3,2� *3,2�

� �[�� *3,2�� *3,2��

7DEOH�������,�&�%RRW�2SWLRQV

237,21 %227'()�9$/8( 6'$$�*3,2 6&/$�*3,2

� �[�� *3,2�� *3,2��

� �[�� *3,2� *3,2�

� �[�� *3,2�� *3,2�

7DEOH�������5$0�%RRW�2SWLRQV

237,21 %227'()�9$/8(
5$0�(175<�32,17

�$''5(66�

� �[�� �[���������

7DEOH�������)ODVK�%RRW�2SWLRQV

237,21 %227'()�9$/8(
)/$6+�(175<�32,17

�$''5(66�
)/$6+�6(&725

���GHIDXOW� �[�� �[��������� %DQN��6HFWRU��

� �[�� �[��������� %DQN���6HFWRU��

� �[�� �[�����)))� %DQN���6HFWRU���

� �[�� �[��������� %DQN����6HFWRU��

� �[�� �[������))� %DQN����6HFWRU��

� �[$� �[�����)))� %DQN����6HFWRU���

� �[&� �[���$����� %DQN����6HFWRU��

� �[(� �[���$�)))� %DQN����6HFWRU���

ZZZ�WL�FRP
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�����'XDO�&RGH�6HFXULW\�0RGXOH

7KH�GXDO�FRGH�VHFXULW\�PRGXOH��'&60��SUHYHQWV�DFFHVV�WR�RQ�FKLS�VHFXUH�PHPRULHV��7KH�WHUP�³VHFXUH´�PHDQV�
DFFHVV� WR� VHFXUH� PHPRULHV� DQG� UHVRXUFHV� LV� EORFNHG�� 7KH� WHUP� ³XQVHFXUH´� PHDQV� DFFHVV� LV� DOORZHG�� IRU�
H[DPSOH��WKURXJK�D�GHEXJJLQJ�WRRO�VXFK�DV�&RGH�&RPSRVHU�6WXGLR���&&6��

7KH� FRGH� VHFXULW\� PHFKDQLVP� RIIHUV� SURWHFWLRQ� IRU� WZR� ]RQHV�� =RQH� �� �=��� DQG� =RQH� �� �=���� 7KH� VHFXULW\�
LPSOHPHQWDWLRQ�IRU�ERWK�WKH�]RQHV�LV�LGHQWLFDO��(DFK�]RQH�KDV�LWV�RZQ�GHGLFDWHG�VHFXUH�UHVRXUFH��273�PHPRU\�
DQG�VHFXUH�520��DQG�DOORFDWHG�VHFXUH�UHVRXUFH��/6[�5$0�DQG�IODVK�VHFWRUV��

7KH� VHFXULW\� RI� HDFK� ]RQH� LV� HQVXUHG� E\� LWV� RZQ�����ELW� SDVVZRUG� �&60�SDVVZRUG��� 7KH�SDVVZRUG� IRU� HDFK�
]RQH�LV�VWRUHG�LQ�DQ�273�PHPRU\�ORFDWLRQ�EDVHG�RQ�D�]RQH�VSHFLILF�OLQN�SRLQWHU��7KH�OLQN�SRLQWHU�YDOXH�FDQ�EH�
FKDQJHG�WR�SURJUDP�D�GLIIHUHQW�VHW�RI�VHFXULW\�VHWWLQJV��LQFOXGLQJ�SDVVZRUGV��LQ�273�

&RGH�6HFXULW\�0RGXOH�'LVFODLPHU
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�����:DWFKGRJ

7KH�ZDWFKGRJ�PRGXOH� LV� WKH�VDPH�DV� WKH�RQH�RQ�SUHYLRXV�706���&�����GHYLFHV��EXW�ZLWK�DQ�RSWLRQDO� ORZHU�
OLPLW�RQ�WKH�WLPH�EHWZHHQ�VRIWZDUH�UHVHWV�RI�WKH�FRXQWHU��7KLV�ZLQGRZHG�FRXQWGRZQ�LV�GLVDEOHG�E\�GHIDXOW��VR�WKH�
ZDWFKGRJ�LV�IXOO\�EDFNZDUG�FRPSDWLEOH�

7KH�ZDWFKGRJ�JHQHUDWHV�HLWKHU�D�UHVHW�RU�DQ�LQWHUUXSW��,W�LV�FORFNHG�IURP�WKH�LQWHUQDO�RVFLOODWRU�ZLWK�D�VHOHFWDEOH�
IUHTXHQF\�GLYLGHU�

)LJXUH�����VKRZV�WKH�YDULRXV�IXQFWLRQDO�EORFNV�ZLWKLQ�WKH�ZDWFKGRJ�PRGXOH�
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�����&��[�7LPHUV

&38�7LPHUV�������DQG���DUH�LGHQWLFDO����ELW�WLPHUV�ZLWK�SUHVHWWDEOH�SHULRGV�DQG�ZLWK����ELW�FORFN�SUHVFDOLQJ��7KH�
WLPHUV�KDYH�D����ELW�FRXQW�GRZQ�UHJLVWHU�WKDW�JHQHUDWHV�DQ�LQWHUUXSW�ZKHQ�WKH�FRXQWHU�UHDFKHV�]HUR��7KH�FRXQWHU�
LV�GHFUHPHQWHG�DW�WKH�&38�FORFN�VSHHG�GLYLGHG�E\�WKH�SUHVFDOH�YDOXH�VHWWLQJ��:KHQ�WKH�FRXQWHU�UHDFKHV�]HUR��LW�
LV�DXWRPDWLFDOO\�UHORDGHG�ZLWK�D����ELW�SHULRG�YDOXH�

&38�7LPHU���LV�IRU�JHQHUDO�XVH�DQG�LV�FRQQHFWHG�WR�WKH�3,(�EORFN��&38�7LPHU���LV�DOVR�IRU�JHQHUDO�XVH�DQG�LV�
FRQQHFWHG�WR�,17���RI�WKH�&38��&38�7LPHU���LV�UHVHUYHG�IRU�7,�5726��,W�LV�FRQQHFWHG�WR�,17���RI�WKH�&38��,I�
7,�5726�LV�QRW�EHLQJ�XVHG��&38�7LPHU���LV�DYDLODEOH�IRU�JHQHUDO�XVH�

&38�7LPHU���FDQ�EH�FORFNHG�E\�DQ\�RQH�RI�WKH�IROORZLQJ�
� 6<6&/.��GHIDXOW�
� ,QWHUQDO�]HUR�SLQ�RVFLOODWRU����,1726&��
� ,QWHUQDO�]HUR�SLQ�RVFLOODWRU����,1726&��
� ;���;7$/�

�����'XDO�&ORFN�&RPSDUDWRU��'&&�

7KH�'&&�PRGXOH� LV� XVHG� IRU� HYDOXDWLQJ� DQG�PRQLWRULQJ� WKH� FORFN� LQSXW� EDVHG�RQ�D� VHFRQG� FORFN��ZKLFK� FDQ�
EH�D�PRUH�DFFXUDWH�DQG�UHOLDEOH�YHUVLRQ��7KLV� LQVWUXPHQWDWLRQ� LV�XVHG� WR�GHWHFW� IDXOWV� LQ�FORFN�VRXUFH�RU�FORFN�
VWUXFWXUHV��WKHUHE\�HQKDQFLQJ�WKH�V\VWHP
V�VDIHW\�PHWULFV�

�������)HDWXUHV

7KH�'&&�KDV�WKH�IROORZLQJ�IHDWXUHV�
� $OORZV�WKH�DSSOLFDWLRQ�WR�HQVXUH�WKDW�D�IL[HG�UDWLR�LV�PDLQWDLQHG�EHWZHHQ�IUHTXHQFLHV�RI�WZR�FORFN�VLJQDOV�
� 6XSSRUWV�WKH�GHILQLWLRQ�RI�D�SURJUDPPDEOH�WROHUDQFH�ZLQGRZ�LQ�WHUPV�RI�WKH�QXPEHU�RI�UHIHUHQFH�FORFN�F\FOHV�
� 6XSSRUWV�FRQWLQXRXV�PRQLWRULQJ�ZLWKRXW�UHTXLULQJ�DSSOLFDWLRQ�LQWHUYHQWLRQ�
� 6XSSRUWV�D�VLQJOH�VHTXHQFH�PRGH�IRU�VSRW�PHDVXUHPHQWV�
� $OORZV�WKH�VHOHFWLRQ�RI�D�FORFN�VRXUFH�IRU�HDFK�RI�WKH�FRXQWHUV��UHVXOWLQJ�LQ�VHYHUDO�VSHFLILF�XVH�FDVHV�

�������0DSSLQJ�RI�'&&[�&ORFN�6RXUFH�,QSXWV
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�����&RQILJXUDEOH�/RJLF�%ORFN��&/%�

7KH�&�����FRQILJXUDEOH�ORJLF�EORFN��&/%��LV�D�FROOHFWLRQ�RI�EORFNV�WKDW�FDQ�EH�LQWHUFRQQHFWHG�XVLQJ�VRIWZDUH�WR�
LPSOHPHQW�FXVWRP�GLJLWDO� ORJLF� IXQFWLRQV�RU�HQKDQFH�H[LVWLQJ�RQ�FKLS�SHULSKHUDOV��7KH�&/%� LV�DEOH� WR�HQKDQFH�
H[LVWLQJ� SHULSKHUDOV� WKURXJK� D� VHW� RI� FURVVEDU� LQWHUFRQQHFWLRQV�� ZKLFK� SURYLGH� D� KLJK� OHYHO� RI� FRQQHFWLYLW\� WR�
H[LVWLQJ� FRQWURO� SHULSKHUDOV� VXFK� DV� HQKDQFHG� SXOVH� ZLGWK� PRGXODWRUV� �H3:0��� HQKDQFHG� FDSWXUH� PRGXOHV�
�H&$3��� DQG� HQKDQFHG� TXDGUDWXUH� HQFRGHU� SXOVH�PRGXOHV� �H4(3��� 7KH� FURVVEDUV� DOVR� DOORZ� WKH�&/%� WR� EH�
FRQQHFWHG�WR�H[WHUQDO�*3,2�SLQV��,Q�WKLV�ZD\��WKH�&/%�FDQ�EH�FRQILJXUHG�WR� LQWHUDFW�ZLWK�GHYLFH�SHULSKHUDOV�WR�
SHUIRUP�VPDOO� ORJLFDO� IXQFWLRQV�VXFK�DV�FRPSDUDWRUV��RU� WR� LPSOHPHQW�FXVWRP�VHULDO�GDWD�H[FKDQJH�SURWRFROV��
7KURXJK� WKH� &/%�� IXQFWLRQV� WKDW� ZRXOG� RWKHUZLVH� EH� DFFRPSOLVKHG� XVLQJ� H[WHUQDO� ORJLF� GHYLFHV� FDQ� QRZ� EH�
LPSOHPHQWHG�LQVLGH�WKH�0&8�

7KH� &/%� SHULSKHUDO� LV� FRQILJXUHG� WKURXJK� WKH� &/%� WRRO�� )RU� PRUH� LQIRUPDWLRQ� RQ� WKH� &/%� WRRO�� DYDLODEOH�
H[DPSOHV�� DSSOLFDWLRQ� UHSRUWV� DQG� XVHUV� JXLGH�� SOHDVH� UHIHU� WR� WKH� IROORZLQJ� ORFDWLRQ� LQ� \RXU� &����:DUH� IRU�
&�����0&8V�SDFNDJH��&����:DUHB�B��B��B���DQG�KLJKHU��

� &����:$5(B,167$//B/2&$7,21?XWLOLWLHV?FOEBWRRO?FOEBV\VFIJ?GRF

� &/%�7RRO�8VHU
V�*XLGH

� 'HVLJQLQJ�:LWK�WKH�&������&RQILJXUDEOH�/RJLF�%ORFN��&/%��$SSOLFDWLRQ�5HSRUW

� +RZ�WR�0LJUDWH�&XVWRP�/RJLF�)URP�DQ�)3*$�&3/'�WR�&������0LFURFRQWUROOHUV�$SSOLFDWLRQ�5HSRUW

7KH�&/%�PRGXOH�DQG�LWV�LQWHUFRQQHFWLRQV�DUH�VKRZQ�LQ�)LJXUH�����

Input X-BAR

Asynchronous

Synchronous

Sync. + Qual

GPIO0

to

GPIOx

INPUT1 ± INPUT6

CLB X-BAR

Other Sources CLBx TILE

OUT4/5

AUXSIG0 ± AUXSIG7

CLB Global Signals

Other Sources

CLB

CLB TILE1

CELLGPREG

Local 

Signals

IN0-7

OUT 0-7

CLB TILEx

CELLGPREG

Local 

Signals

IN0-7

OUT 0-7

CLB INPUT X-BAR

CLB OUTPUT X-BAR

All CLB Tile Outputs

GPIO MUX

CLB Tile Outputs

x� Intersect other Peripherals

x� OUTPUT X-BAR
INPUT1 ± INPUT16

.

.

.

)LJXUH������*3,2�WR�&/%�7LOH�&RQQHFWLRQV
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$EVROXWH� HQFRGHU� SURWRFRO� LQWHUIDFHV� DUH� QRZ� SURYLGHG� DV� 3RVLWLRQ� 0DQDJHU� VROXWLRQV� LQ� WKH� &����:DUH�
0RWRU&RQWURO� 6'.�� &RQILJXUDWLRQ� ILOHV�� DSSOLFDWLRQ� SURJUDPPHU� LQWHUIDFH� �$3,��� DQG� XVH� H[DPSOHV� IRU� VXFK�
VROXWLRQV�DUH�SURYLGHG�ZLWK�&����:DUH�0RWRU&RQWURO�6'.�� ,Q� VRPH�VROXWLRQV�� WKH�7,�FRQILJXUHG�&/%� LV� XVHG�
ZLWK�RWKHU�RQ�FKLS�UHVRXUFHV��VXFK�DV�WKH�63,�SRUW�RU�WKH�&��[�&38��WR�SHUIRUP�PRUH�FRPSOH[�IXQFWLRQDOLW\�
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��$SSOLFDWLRQV��,PSOHPHQWDWLRQ��DQG�/D\RXW

1RWH

,QIRUPDWLRQ� LQ� WKH� IROORZLQJ� DSSOLFDWLRQV� VHFWLRQV� LV� QRW� SDUW� RI� WKH� 7,� FRPSRQHQW� VSHFLILFDWLRQ��
DQG� 7,� GRHV� QRW� ZDUUDQW� LWV� DFFXUDF\� RU� FRPSOHWHQHVV�� 7,¶V� FXVWRPHUV� DUH� UHVSRQVLEOH� IRU�
GHWHUPLQLQJ�VXLWDELOLW\�RI�FRPSRQHQWV�IRU�WKHLU�SXUSRVHV��DV�ZHOO�DV�YDOLGDWLQJ�DQG�WHVWLQJ�WKHLU�GHVLJQ�
LPSOHPHQWDWLRQ�WR�FRQILUP�V\VWHP�IXQFWLRQDOLW\�

����7,�5HIHUHQFH�'HVLJQ

7KH�7,�5HIHUHQFH�'HVLJQ�/LEUDU\� LV� D� UREXVW� UHIHUHQFH�GHVLJQ� OLEUDU\� VSDQQLQJ�DQDORJ�� HPEHGGHG�SURFHVVRU��
DQG�FRQQHFWLYLW\��&UHDWHG�E\�7,�H[SHUWV�WR�KHOS�\RX�MXPS�VWDUW�\RXU�V\VWHP�GHVLJQ��DOO�UHIHUHQFH�GHVLJQV�LQFOXGH�
VFKHPDWLF�RU�EORFN�GLDJUDPV��%20V��DQG�GHVLJQ�ILOHV�WR�VSHHG�\RXU�WLPH�WR�PDUNHW�

6HDUFK�DQG�GRZQORDG�7,�UHIHUHQFH�GHVLJQV�DW�6HOHFW�7,�UHIHUHQFH�GHVLJQV�
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��'HYLFH�DQG�'RFXPHQWDWLRQ�6XSSRUW

7,�RIIHUV�DQ�H[WHQVLYH�OLQH�RI�GHYHORSPHQW�WRROV��7RROV�DQG�VRIWZDUH�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�GHYLFH��
JHQHUDWH�FRGH��DQG�GHYHORS�VROXWLRQV�DUH�OLVWHG�EHORZ�

����*HWWLQJ�6WDUWHG�DQG�1H[W�6WHSV

7KH�*HWWLQJ�6WDUWHG�:LWK�&������5HDO�7LPH�&RQWURO�0LFURFRQWUROOHUV��0&8V��*HWWLQJ�6WDUWHG�*XLGH�FRYHUV�DOO�
DVSHFWV�RI�GHYHORSPHQW�ZLWK�&�����GHYLFHV� IURP�KDUGZDUH� WR�VXSSRUW� UHVRXUFHV�� ,Q�DGGLWLRQ� WR�NH\�UHIHUHQFH�
GRFXPHQWV��HDFK�VHFWLRQ�SURYLGHV�UHOHYDQW�OLQNV�DQG�UHVRXUFHV�WR�IXUWKHU�H[SDQG�RQ�WKH�LQIRUPDWLRQ�FRYHUHG�

)RU� D� TXLFN� RYHUYLHZ� RI� WKH� GHYLFH�� IHDWXUHV�� FRPSDULVRQV� WR� RWKHU� GHYLFHV�� DQG� SDFNDJH� GHWDLOV�� VHH� 1HZ�
3URGXFW�8SGDWH��&������UHDO�WLPH�0&8�IDPLO\��)�����[�RYHUYLHZ�

����'HYLFH�1RPHQFODWXUH

7R�GHVLJQDWH�WKH�VWDJHV�LQ�WKH�SURGXFW�GHYHORSPHQW�F\FOH��7,�DVVLJQV�SUHIL[HV�WR�WKH�SDUW�QXPEHUV�RI�DOO�706����
0&8�GHYLFHV�DQG�VXSSRUW� WRROV��(DFK�706�����0&8�FRPPHUFLDO� IDPLO\�PHPEHU�KDV�RQH�RI� WKUHH�SUHIL[HV��
70;�� 703�� RU� 706� �IRU� H[DPSOH��706���)������&��� 7H[DV� ,QVWUXPHQWV� UHFRPPHQGV� WZR� RI� WKUHH� SRVVLEOH�
SUHIL[� GHVLJQDWRUV� IRU� LWV� VXSSRUW� WRROV�� 70';� DQG� 70'6�� 7KHVH� SUHIL[HV� UHSUHVHQW� HYROXWLRQDU\� VWDJHV� RI�
SURGXFW� GHYHORSPHQW� IURP� HQJLQHHULQJ� SURWRW\SHV� �ZLWK� 70;� IRU� GHYLFHV� DQG� 70';� IRU� WRROV�� WKURXJK� IXOO\�
TXDOLILHG�SURGXFWLRQ�GHYLFHV�DQG�WRROV��ZLWK�706�IRU�GHYLFHV�DQG�70'6�IRU�WRROV��

'HYLFH�GHYHORSPHQW�HYROXWLRQDU\�IORZ�

70;�([SHULPHQWDO�GHYLFH�WKDW�LV�QRW�QHFHVVDULO\�UHSUHVHQWDWLYH�RI�WKH�ILQDO�GHYLFH
V�HOHFWULFDO�VSHFLILFDWLRQV�DQG�
PD\�QRW�XVH�SURGXFWLRQ�DVVHPEO\�IORZ�

703�3URWRW\SH�GHYLFH�WKDW�LV�QRW�QHFHVVDULO\�WKH�ILQDO�VLOLFRQ�GLH�DQG�PD\�QRW�QHFHVVDULO\�PHHW�ILQDO�HOHFWULFDO�
VSHFLILFDWLRQV�

706�3URGXFWLRQ�YHUVLRQ�RI�WKH�VLOLFRQ�GLH�WKDW�LV�IXOO\�TXDOLILHG�

6XSSRUW�WRRO�GHYHORSPHQW�HYROXWLRQDU\�IORZ�

70';�'HYHORSPHQW�VXSSRUW�SURGXFW�WKDW�KDV�QRW�\HW�FRPSOHWHG�7H[DV�,QVWUXPHQWV�LQWHUQDO�TXDOLILFDWLRQ�WHVWLQJ�

70'6�)XOO\�TXDOLILHG�GHYHORSPHQW�VXSSRUW�SURGXFW�

70;�DQG�703�GHYLFHV�DQG�70';�GHYHORSPHQW�VXSSRUW�WRROV�DUH�VKLSSHG�DJDLQVW�WKH�IROORZLQJ�GLVFODLPHU�

�'HYHORSPHQWDO�SURGXFW�LV�LQWHQGHG�IRU�LQWHUQDO�HYDOXDWLRQ�SXUSRVHV��

3URGXFWLRQ� GHYLFHV� DQG� 70'6� GHYHORSPHQW�VXSSRUW� WRROV� KDYH� EHHQ� FKDUDFWHUL]HG� IXOO\�� DQG� WKH� TXDOLW\� DQG�
UHOLDELOLW\�RI�WKH�GHYLFH�KDYH�EHHQ�GHPRQVWUDWHG�IXOO\��7,
V�VWDQGDUG�ZDUUDQW\�DSSOLHV�

3UHGLFWLRQV� VKRZ� WKDW� SURWRW\SH� GHYLFHV� �;� RU� 3�� KDYH� D� JUHDWHU� IDLOXUH� UDWH� WKDQ� WKH� VWDQGDUG� SURGXFWLRQ�
GHYLFHV��7H[DV�,QVWUXPHQWV�UHFRPPHQGV�WKDW�WKHVH�GHYLFHV�QRW�EH�XVHG�LQ�DQ\�SURGXFWLRQ�V\VWHP�EHFDXVH�WKHLU�
H[SHFWHG�HQG�XVH�IDLOXUH�UDWH�VWLOO�LV�XQGHILQHG��2QO\�TXDOLILHG�SURGXFWLRQ�GHYLFHV�DUH�WR�EH�XVHG�

7,�GHYLFH�QRPHQFODWXUH�DOVR�LQFOXGHV�D�VXIIL[�ZLWK�WKH�GHYLFH�IDPLO\�QDPH��7KLV�VXIIL[�LQGLFDWHV�WKH�SDFNDJH�W\SH�
�IRU�H[DPSOH��31��DQG�WHPSHUDWXUH�UDQJH��IRU�H[DPSOH��6��

)RU�GHYLFH�SDUW�QXPEHUV�DQG� IXUWKHU�RUGHULQJ� LQIRUPDWLRQ�� VHH� WKH�7,�ZHEVLWH� �ZZZ�WL�FRP��RU� FRQWDFW� \RXU�7,�
VDOHV�UHSUHVHQWDWLYH�

ZZZ�WL�FRP
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Generic Part Number: TMS 320 F 280039C

Orderable Part Number: X F 280039C

PREFIX
(A)

TMX (X) = experimental device

TMS (blank) = qualified device

TECHNOLOGY

DEVICE FAMILY

320 = TMS320 MCU Family

F = Flash

DEVICE

280039 280039C

280038 280038C

280037 280037C

280036 280036C

280034

230033

PZ

PACKAGE TYPE

PZ = 100-pin Low-Profile Quad Flatpack (LQFP)

PN = 80-pin LQFP

PM = 64-pin LQFP

PT = 48-pin LQFP

(blank)

TEMPERATURE RANGE

(blank), S = �40°C to 125°C (TA); �40°C to 150°C (TJ)

R

SHIPPING OPTIONS

(blank) = Tray
R = Tape and Reel

Q1

-Q1

AUTOMOTIVE AEC-Q100 QUALIFICATION

(blank) = Not AEC-Q100 qualified
Q1 = AEC-Q100 Grade 1 qualification

$� 3UHIL[�;�LV�XVHG�LQ�RUGHUDEOH�SDUW�QXPEHUV�

)LJXUH������'HYLFH�1RPHQFODWXUH

����0DUNLQJV

)LJXUH������)LJXUH������)LJXUH������DQG�)LJXUH�����VKRZ� WKH�SDFNDJH�V\PEROL]DWLRQ��7DEOH����� OLVWV� WKH�VLOLFRQ�
UHYLVLRQ�FRGHV�

Pin 1

F280039CSPZ
$$#-YMLLLLS

G4

Pin 1

F280039CPZQ
$$#-YMLLLLS

G4

$$
#

YM
LLLL

S

G4

=
=
=
=
=

=

Wafer Fab Code (one or two characters)
Silicon Revision Code
2-digit Year/Month Code
Assembly Lot Code
Assembly Site Code per QSS 005-120

ECAT

)LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�3=�3DFNDJH
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Pin 1

F280039CSPN
$$#-YMLLLLS

G4

$$
#

YM
LLLL

S

G4

=
=
=
=
=

=

Wafer Fab Code (one or two characters)
Silicon Revision Code
2-digit Year/Month Code
Assembly Lot Code
Assembly Site Code per QSS 005-120

ECAT

Pin 1

F280039CPNQ
$$#-YMLLLLS

G4

)LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�31�3DFNDJH

Pin 1

F280039CSPM
$$#-YMLLLLS

G4

$$
#

YM
LLLL

S

G4

=
=
=
=
=

=

Wafer Fab Code (one or two characters)
Silicon Revision Code
2-digit Year/Month Code
Assembly Lot Code
Assembly Site Code per QSS 005-120

ECAT

Pin 1

F280038CPMQ
$$#-YMLLLLS

G4

)LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�30�3DFNDJH

ZZZ�WL�FRP

706���)������&��706���)������&�4���706���)������&�4�

706���)������&��706���)������&�4�
63563��$�±�2&72%(5������±�5(9,6('�0$5&+�����

&RS\ULJKW��������7H[DV�,QVWUXPHQWV�,QFRUSRUDWHG 6XEPLW�'RFXPHQW�)HHGEDFN ���

3URGXFW�)ROGHU�/LQNV��706���)������&�706���)������&�4��706���)������&�4��706���)������&�
706���)������&�4�



Pin 1

980    PT
F280037CS
YMLLLLS

$$# G4

=
=
=
=
=
=

=

TI EIA Code
2-digit Year/Month Code
Assembly Lot Code
Assembly Site Code per QSS 005-120
Wafer Fab Code (one or two characters)
Silicon Revision Code

ECAT

980
YM

LLLL
S

$$
#

G4

Pin 1

980    PTQ
F280037C
YMLLLLS

$$# G4

)LJXUH������3DFNDJH�6\PEROL]DWLRQ�IRU�37�3DFNDJH

7DEOH������5HYLVLRQ�,GHQWLILFDWLRQ

6,/,&21�5(9,6,21�&2'( 6,/,&21�5(9,6,21
5(9,'���

$''5(66���[�'��&
&200(176

%ODQN � �[���������
7KLV�VLOLFRQ�UHYLVLRQ�LV�DYDLODEOH�DV�70;�DQG�
706�

��� 6LOLFRQ�5HYLVLRQ�,'

����7RROV�DQG�6RIWZDUH

7,�RIIHUV�DQ�H[WHQVLYH� OLQH�RI�GHYHORSPHQW� WRROV��6RPH�RI� WKH� WRROV�DQG�VRIWZDUH� WR�HYDOXDWH� WKH�SHUIRUPDQFH�
RI�WKH�GHYLFH��JHQHUDWH�FRGH��DQG�GHYHORS�VROXWLRQV�IROORZ��7R�YLHZ�DOO�DYDLODEOH�WRROV�DQG�VRIWZDUH�IRU�&������
UHDO�WLPH�FRQWURO�0&8V��YLVLW�WKH�&�����UHDO�WLPH�FRQWURO�0&8V�±�'HVLJQ�	�GHYHORSPHQW�SDJH�

'HYHORSPHQW�7RROV

70'6&1&'������&�&RQWURO�&DUG
7KH� )������&� FRQWURO&$5'� LV� DQ� +6(&���� FRQWURO&$5'� EDVHG� HYDOXDWLRQ� DQG� GHYHORSPHQW� WRRO� IRU� WKH�
&������)�����[� VHULHV�RI�PLFURFRQWUROOHU� SURGXFWV�� FRQWURO&$5'V�DUH� LGHDO� WR� XVH� IRU� LQLWLDO� HYDOXDWLRQ�DQG�
V\VWHP� SURWRW\SLQJ�� FRQWURO&$5'V� DUH� FRPSOHWH� ERDUG�OHYHO� PRGXOHV� WKDW� XWLOL]H� RQH� RI� WZR� VWDQGDUG� IRUP�
IDFWRUV� �����SLQ� ',00� RU� ����SLQ� +6(&� �� WR� SURYLGH� D� ORZ�SURILOH� VLQJOH�ERDUG� FRQWUROOHU� VROXWLRQ�� )RU� ILUVW�
HYDOXDWLRQ�FRQWURO&$5'V�DUH�W\SLFDOO\�SXUFKDVHG�EXQGOHG�ZLWK�D�EDVHERDUG�RU�EXQGOHG�LQ�DQ�DSSOLFDWLRQ�NLW�

+6(&����FRQWURO&$5'�%DVHERDUG�'RFNLQJ�6WDWLRQ
70'6+6(&'2&.� LV� D� EDVHERDUG� WKDW� SURYLGHV� KHDGHU� SLQ� DFFHVV� WR� NH\� VLJQDOV� RQ� FRPSDWLEOH�+6(&����
EDVHG�FRQWURO&$5'V��$�EUHDGERDUG�DUHD�LV�DYDLODEOH�IRU�UDSLG�SURWRW\SLQJ��%RDUG�SRZHU�FDQ�EH�SURYLGHG�E\�WKH�
SURYLGHG�86%�FDEOH�RU�D���9�EDUUHO�VXSSO\�
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;'6����-7$*�'HEXJ�3UREH
7KH�7H[DV� ,QVWUXPHQWV�;'6���� LV� D� QHZ� FODVV� RI� GHEXJ� SUREH� �HPXODWRU�� IRU� 7,� HPEHGGHG� SURFHVVRUV�� 7KH�
;'6���� UHSODFHV� WKH�;'6���� IDPLO\�ZKLOH�VXSSRUWLQJ�D�ZLGHU�YDULHW\�RI� VWDQGDUGV� �,(((�������� ,(((��������
6:'�� LQ� D� VLQJOH� SRG�� $OVR�� DOO� ;'6� GHEXJ� SUREHV� VXSSRUW� &RUH� DQG� 6\VWHP� 7UDFH� LQ� DOO� $UP�� DQG� '63�
SURFHVVRUV�WKDW�IHDWXUH�DQ�(PEHGGHG�7UDFH�%XIIHU��(7%���)RU�&RUH�7UDFH�RYHU�SLQV�WKH�;'6���Y��352�75$&(�
5HFHLYHU�	�'HEXJ�3UREH�LV�UHTXLUHG�

;'6����86%�'HEXJ�3UREH
7KH�;'6���� LV�D�GHEXJ�SUREH� �HPXODWRU��XVHG� IRU�GHEXJJLQJ�7,�HPEHGGHG�GHYLFHV��7KH�;'6���� IHDWXUHV�D�
EDODQFH� RI� ORZ� FRVW�ZLWK� JRRG� SHUIRUPDQFH� DV� FRPSDUHG� WR� WKH� ORZ� FRVW� ;'6���� DQG� WKH� KLJK� SHUIRUPDQFH�
;'6���Y��� ,W� VXSSRUWV�D�ZLGH�YDULHW\�RI� VWDQGDUGV� �,(((�������� ,(((��������6:'�� LQ�D�VLQJOH�SRG��$OO�;'6�
GHEXJ�SUREHV�VXSSRUW�&RUH�DQG�6\VWHP�7UDFH�LQ�DOO�$UP��DQG�'63�SURFHVVRUV�WKDW�IHDWXUH�DQ�(PEHGGHG�7UDFH�
%XIIHU��(7%���)RU�&RUH�7UDFH�RYHU�SLQV�WKH�;'6���Y��352�75$&(�5HFHLYHU�	�'HEXJ�3UREH�LV�UHTXLUHG�

;'6���Y��6\VWHP�7UDFH�86%�'HEXJ�3UREH
7KH�;'6���Y��LV�WKH�KLJKHVW�SHUIRUPDQFH�RI�WKH�;'6�IDPLO\�RI�GHEXJ�SUREHV�DQG�VXSSRUWV�ERWK�WKH�WUDGLWLRQDO�
-7$*�VWDQGDUG��,(((��������DQG�F-7$*��,(((���������1RWH�WKDW�LW�GRHV�QRW�VXSSRUW�VHULDO�ZLUH�GHEXJ��6:'��

6RIWZDUH�7RROV

&������6RIWZDUH�*XLGH
&������ UHDO�WLPH� FRQWUROOHUV� DUH� D� SRUWIROLR� RI� KLJK�SHUIRUPDQFH� PLFURFRQWUROOHUV� WKDW� DUH� SXUSRVH�EXLOW�
WR� FRQWURO� SRZHU� HOHFWURQLFV� DQG� SURYLGH� DGYDQFHG� GLJLWDO� VLJQDO� SURFHVVLQJ� IRU� LQGXVWULDO� DQG� DXWRPRWLYH�
DSSOLFDWLRQV��6RIWZDUH�FRPSRQHQWV�WR�SURJUDP�YDULRXV�PRGXOHV�LQ�&�����0&8V�DUH�UHOHDVHG�DV�SDUW�RI�&�����
VRIWZDUH�UHOHDVHV��7KLV�JXLGH�SURYLGHV�DQ�RYHUYLHZ�RI�YDULRXV�VRIWZDUH�FRPSRQHQWV�DQG�DYDLODEOH�IXQFWLRQDOLW\�

&����:DUH�IRU�&�����0&8V
&����:DUH� IRU� &������ 0&8V� LV� D� FRKHVLYH� VHW� RI� VRIWZDUH� DQG� GRFXPHQWDWLRQ� FUHDWHG� WR� PLQLPL]H�
GHYHORSPHQW�WLPH��,W�LQFOXGHV�GHYLFH�VSHFLILF�GULYHUV��OLEUDULHV��DQG�SHULSKHUDO�H[DPSOHV�

'LJLWDO�3RZHU�6'.
'LJLWDO�3RZHU�6'.�LV�D�FRKHVLYH�VHW�RI�VRIWZDUH�LQIUDVWUXFWXUH��WRROV��DQG�GRFXPHQWDWLRQ�GHVLJQHG�WR�PLQLPL]H�
&�����0&8�EDVHG� GLJLWDO� SRZHU� V\VWHP� GHYHORSPHQW� WLPH� WDUJHWHG� IRU� YDULRXV� $&�'&�� '&�'&� DQG� '&�$&�
SRZHU�VXSSO\�DSSOLFDWLRQV��7KH�VRIWZDUH�LQFOXGHV�ILUPZDUH�WKDW�UXQV�RQ�&�����GLJLWDO�SRZHU�HYDOXDWLRQ�PRGXOHV�
�(90V�� DQG� UHIHUHQFH� GHVLJQV�� ZKLFK� DUH� WDUJHWHG� IRU� VRODU�� WHOHFRP�� VHUYHU�� HOHFWULF� YHKLFOH� FKDUJHUV� DQG�
LQGXVWULDO�SRZHU�GHOLYHU\�DSSOLFDWLRQV��'LJLWDO�3RZHU�6'.�SURYLGHV�DOO� WKH�QHHGHG� UHVRXUFHV�DW�HYHU\�VWDJH�RI�
GHYHORSPHQW�DQG�HYDOXDWLRQ�LQ�D�GLJLWDO�SRZHU�DSSOLFDWLRQV�

0RWRU�&RQWURO�6'.
0RWRU�&RQWURO�6'.�LV�D�FRKHVLYH�VHW�RI�VRIWZDUH�LQIUDVWUXFWXUH��WRROV��DQG�GRFXPHQWDWLRQ�GHVLJQHG�WR�PLQLPL]H�
&����� 0&8�EDVHG� PRWRU� FRQWURO� V\VWHP� GHYHORSPHQW� WLPH� WDUJHWHG� IRU� YDULRXV� WKUHH�SKDVH� PRWRU� FRQWURO�
DSSOLFDWLRQV��7KH�VRIWZDUH�LQFOXGHV�ILUPZDUH�WKDW�UXQV�RQ�&�����PRWRU�FRQWURO�HYDOXDWLRQ�PRGXOHV��(90V��DQG�
UHIHUHQFH�GHVLJQV��ZKLFK�DUH�WDUJHWHG�IRU� LQGXVWULDO�GULYH�DQG�RWKHU�PRWRU�FRQWURO��0RWRU�&RQWURO�6'.�SURYLGHV�
DOO� WKH� QHHGHG� UHVRXUFHV� DW� HYHU\� VWDJH� RI� GHYHORSPHQW� DQG� HYDOXDWLRQ� IRU� KLJK�SHUIRUPDQFH� PRWRU� FRQWURO�
DSSOLFDWLRQV�

&RGH�&RPSRVHU�6WXGLR���&&6��,QWHJUDWHG�'HYHORSPHQW�(QYLURQPHQW��,'(��IRU�&�����PLFURFRQWUROOHUV
&RGH� &RPSRVHU� 6WXGLR� LV� DQ� LQWHJUDWHG� GHYHORSPHQW� HQYLURQPHQW� �,'(�� WKDW� VXSSRUWV� 7,
V� 0LFURFRQWUROOHU�
DQG�(PEHGGHG�3URFHVVRUV� SRUWIROLR��&RGH�&RPSRVHU�6WXGLR� FRPSULVHV� D� VXLWH� RI� WRROV� XVHG� WR� GHYHORS� DQG�
GHEXJ� HPEHGGHG� DSSOLFDWLRQV�� ,W� LQFOXGHV� DQ� RSWLPL]LQJ� &�&��� FRPSLOHU�� VRXUFH� FRGH� HGLWRU�� SURMHFW� EXLOG�
HQYLURQPHQW�� GHEXJJHU�� SURILOHU�� DQG� PDQ\� RWKHU� IHDWXUHV�� 7KH� LQWXLWLYH� ,'(� SURYLGHV� D� VLQJOH� XVHU� LQWHUIDFH�
WDNLQJ� WKH� XVHU� WKURXJK� HDFK� VWHS� RI� WKH� DSSOLFDWLRQ� GHYHORSPHQW� IORZ�� )DPLOLDU� WRROV� DQG� LQWHUIDFHV� DOORZ�
XVHUV� WR�JHW� VWDUWHG� IDVWHU� WKDQ�HYHU�EHIRUH��&RGH�&RPSRVHU�6WXGLR�FRPELQHV� WKH�DGYDQWDJHV�RI� WKH�(FOLSVH�
VRIWZDUH� IUDPHZRUN�ZLWK�DGYDQFHG�HPEHGGHG�GHEXJ�FDSDELOLWLHV� IURP�7,� UHVXOWLQJ� LQ�D�FRPSHOOLQJ� IHDWXUH�ULFK�
GHYHORSPHQW�HQYLURQPHQW�IRU�HPEHGGHG�GHYHORSHUV�

7,�5HVRXUFH�([SORUHU
7R�HQKDQFH�\RXU�H[SHULHQFH��EH�VXUH�WR�FKHFN�RXW�WKH�7,�5HVRXUFH�([SORUHU�WR�EURZVH�H[DPSOHV��OLEUDULHV��DQG�
GRFXPHQWDWLRQ�IRU�\RXU�DSSOLFDWLRQV�
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6\V&RQILJ�6\VWHP�FRQILJXUDWLRQ�WRRO
6\V&RQILJ� LV� D� FRPSUHKHQVLYH� FROOHFWLRQ� RI� JUDSKLFDO� XWLOLWLHV� IRU� FRQILJXULQJ� SLQV�� SHULSKHUDOV�� UDGLRV��
VXEV\VWHPV�� DQG� RWKHU� FRPSRQHQWV�� 6\V&RQILJ� KHOSV� \RX� PDQDJH�� H[SRVH� DQG� UHVROYH� FRQIOLFWV� YLVXDOO\� VR�
WKDW�\RX�KDYH�PRUH�WLPH�WR�FUHDWH�GLIIHUHQWLDWHG�DSSOLFDWLRQV��7KH�WRRO
V�RXWSXW�LQFOXGHV�&�KHDGHU�DQG�FRGH�ILOHV�
WKDW� FDQ� EH� XVHG�ZLWK� VRIWZDUH� GHYHORSPHQW� NLW� �6'.�� H[DPSOHV� RU� XVHG� WR� FRQILJXUH� FXVWRP� VRIWZDUH�� 7KH�
6\V&RQILJ� WRRO�DXWRPDWLFDOO\�VHOHFWV� WKH�SLQPX[�VHWWLQJV� WKDW�VDWLVI\� WKH�HQWHUHG�UHTXLUHPHQWV��7KH�6\V&RQILJ�
WRRO�LV�GHOLYHUHG�LQWHJUDWHG�LQ�&&6��DV�D�VWDQGDORQH�LQVWDOOHU��RU�FDQ�EH�XVHG�YLD�WKH�GHY�WL�FRP�FORXG�WRROV�SRUWDO��
)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�6\V&RQILJ�V\VWHP�FRQILJXUDWLRQ�WRRO��YLVLW�WKH�6\VWHP�FRQILJXDWLRQ�WRRO�SDJH�

&�����7KLUG�SDUW\�VHDUFK�WRRO
7,�KDV�SDUWQHUHG�ZLWK�PXOWLSOH�FRPSDQLHV�WR�RIIHU�D�ZLGH�UDQJH�RI�VROXWLRQV�DQG�VHUYLFHV�IRU�7,�&�����GHYLFHV��
7KHVH�FRPSDQLHV� FDQ�DFFHOHUDWH� \RXU�SDWK� WR�SURGXFWLRQ�XVLQJ�&�����GHYLFHV��'RZQORDG� WKLV� VHDUFK� WRRO� WR�
TXLFNO\�EURZVH�WKLUG�SDUW\�GHWDLOV�DQG�ILQG�WKH�ULJKW�WKLUG�SDUW\�WR�PHHW�\RXU�QHHGV�

8QL)ODVK�6WDQGDORQH�)ODVK�7RRO
8QL)ODVK�LV�D�VWDQGDORQH�WRRO�XVHG�WR�SURJUDP�RQ�FKLS�IODVK�PHPRU\�WKURXJK�D�*8,��FRPPDQG�OLQH��RU�VFULSWLQJ�
LQWHUIDFH�

&�����FRGH�JHQHUDWLRQ�WRROV���FRPSLOHU
7KH�7,�&�����&�&���&RPSLOHU�DQG�$VVHPEO\�/DQJXDJH�7RROV�VXSSRUW�GHYHORSPHQW�RI�DSSOLFDWLRQV�IRU�7,�&�����
0LFURFRQWUROOHU�SODWIRUPV��LQFOXGLQJ�WKH�&RQFHUWR��)��0�[[���(QWU\�3HUIRUPDQFH�����[[���3UHPLXP�3HUIRUPDQFH�
)ORDWLQJ�3RLQW�����[[���DQG�&�����)L[HG�3RLQW������[����[����[��0LFURFRQWUROOHU�GHYLFHV�

0RGHOV

9DULRXV� PRGHOV� DUH� DYDLODEOH� IRU� GRZQORDG� IURP� WKH� SURGXFW� 'HVLJQ� 	� GHYHORSPHQW� SDJHV�� 7KHVH� PRGHOV�
LQFOXGH� ,�2� %XIIHU� ,QIRUPDWLRQ� 6SHFLILFDWLRQ� �,%,6��0RGHOV� DQG� %RXQGDU\�6FDQ� 'HVFULSWLRQ� /DQJXDJH� �%6'/��
0RGHOV��7R�YLHZ�DOO�DYDLODEOH�PRGHOV��YLVLW�WKH�'HVLJQ�WRROV�	�VLPXODWLRQ�VXEVHFWLRQ�RI�WKH�'HVLJQ�	�GHYHORSPHQW�
VHFWLRQ�RI�HDFK�GHYLFH�SURGXFW�SDJH�

7UDLQLQJ

7R�KHOS�DVVLVW�GHVLJQ�HQJLQHHUV�LQ�WDNLQJ�IXOO�DGYDQWDJH�RI�WKH�&�����PLFURFRQWUROOHU�IHDWXUHV�DQG�SHUIRUPDQFH��
7,� KDV� GHYHORSHG� D� YDULHW\� RI� WUDLQLQJ� UHVRXUFHV�� 8WLOL]LQJ� WKH� RQOLQH� WUDLQLQJ� PDWHULDOV� DQG� GRZQORDGDEOH�
KDQGV�RQ� ZRUNVKRSV� SURYLGHV� DQ� HDV\� PHDQV� IRU� JDLQLQJ� D� FRPSOHWH� ZRUNLQJ� NQRZOHGJH� RI� WKH� &�����
PLFURFRQWUROOHU� IDPLO\�� 7KHVH� WUDLQLQJ� UHVRXUFHV� KDYH� EHHQ� GHVLJQHG� WR� GHFUHDVH� WKH� OHDUQLQJ� FXUYH�� ZKLOH�
UHGXFLQJ� GHYHORSPHQW� WLPH�� DQG� DFFHOHUDWLQJ� SURGXFW� WLPH� WR� PDUNHW�� )RU� PRUH� LQIRUPDWLRQ� RQ� WKH� YDULRXV�
WUDLQLQJ�UHVRXUFHV��YLVLW� WKH�&������UHDO�WLPH�FRQWURO�0&8V�±�6XSSRUW�	� WUDLQLQJ�VLWH��$GGLWLRQDOO\�� WKH�&�����
$FDGHP\�FRXUVH�SURYLGHV�QHZ�XVHUV�ZLWK�D�ZD\�WR�UDPS�TXLFNO\�ZLWK�&�����GHYLFHV�DQG�WKHLU�PDQ\�IHDWXUHV��
7KLV�LV�D�JUHDW�HQWU\�SRLQW�IRU�XVHUV�JHWWLQJ�VWDUWHG�ZLWK�&������DQG�LV�DYDLODEOH�DW�WKH�&�����$FDGHP\�UHVRXUFH�
H[SORUHU�SDJH�

����'RFXPHQWDWLRQ�6XSSRUW

7R� UHFHLYH� QRWLILFDWLRQ� RI� GRFXPHQWDWLRQ� XSGDWHV�� QDYLJDWH� WR� WKH� GHYLFH� SURGXFW� IROGHU� RQ� WL�FRP�� &OLFN� RQ�
6XEVFULEH�WR�XSGDWHV�WR�UHJLVWHU�DQG�UHFHLYH�D�ZHHNO\�GLJHVW�RI�DQ\�SURGXFW�LQIRUPDWLRQ�WKDW�KDV�FKDQJHG��)RU�
FKDQJH�GHWDLOV��UHYLHZ�WKH�UHYLVLRQ�KLVWRU\�LQFOXGHG�LQ�DQ\�UHYLVHG�GRFXPHQW�

7KH� FXUUHQW� GRFXPHQWDWLRQ� WKDW� GHVFULEHV� WKH� SURFHVVRU�� UHODWHG� SHULSKHUDOV�� DQG� RWKHU� WHFKQLFDO� FROODWHUDO�
IROORZV�

(UUDWD

706���)�����[� 5HDO�7LPH� 0&8V� 6LOLFRQ� (UUDWD� GHVFULEHV� NQRZQ� DGYLVRULHV� RQ� VLOLFRQ� DQG� SURYLGHV�
ZRUNDURXQGV�

7HFKQLFDO�5HIHUHQFH�0DQXDO

706���)�����[� 5HDO�7LPH� 0LFURFRQWUROOHUV� 7HFKQLFDO� 5HIHUHQFH� 0DQXDO� GHWDLOV� WKH� LQWHJUDWLRQ�� WKH�
HQYLURQPHQW�� WKH� IXQFWLRQDO� GHVFULSWLRQ�� DQG� WKH� SURJUDPPLQJ� PRGHOV� IRU� HDFK� SHULSKHUDO� DQG� VXEV\VWHP� LQ�
WKH�)�����[�UHDO�WLPH�PLFURFRQWUROOHUV�
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&38�8VHU
V�*XLGHV

706���&��[�&38�DQG� ,QVWUXFWLRQ�6HW�5HIHUHQFH�*XLGH�GHVFULEHV� WKH�FHQWUDO�SURFHVVLQJ�XQLW� �&38��DQG� WKH�
DVVHPEO\�ODQJXDJH�LQVWUXFWLRQV�RI�WKH�706���&��[�IL[HG�SRLQW�GLJLWDO�VLJQDO�SURFHVVRUV��'63V���7KLV�5HIHUHQFH�
*XLGH�DOVR�GHVFULEHV�HPXODWLRQ�IHDWXUHV�DYDLODEOH�RQ�WKHVH�'63V�

706���&��[�([WHQGHG� ,QVWUXFWLRQ�6HWV�7HFKQLFDO�5HIHUHQFH�0DQXDO�GHVFULEHV� WKH�DUFKLWHFWXUH��SLSHOLQH��DQG�
LQVWUXFWLRQ�VHW�RI�WKH�708��9&8�,,��DQG�)38�DFFHOHUDWRUV�

3HULSKHUDO�*XLGHV

&�����5HDO�7LPH�&RQWURO� 3HULSKHUDOV�5HIHUHQFH�*XLGH� GHVFULEHV� WKH� SHULSKHUDO� UHIHUHQFH� JXLGHV� RI� WKH� ��[�
'63V�

7RROV�*XLGHV

706���&��[� $VVHPEO\� /DQJXDJH� 7RROV� Y��������676�8VHU
V� *XLGH� GHVFULEHV� WKH� DVVHPEO\� ODQJXDJH� WRROV�
�DVVHPEOHU�DQG�RWKHU�WRROV�XVHG�WR�GHYHORS�DVVHPEO\�ODQJXDJH�FRGH���DVVHPEOHU�GLUHFWLYHV��PDFURV��FRPPRQ�
REMHFW�ILOH�IRUPDW��DQG�V\PEROLF�GHEXJJLQJ�GLUHFWLYHV�IRU�WKH�706���&��[�GHYLFH�

706���&��[� 2SWLPL]LQJ� &�&��� &RPSLOHU� Y��������676� 8VHU
V� *XLGH� GHVFULEHV� WKH� 706���&��[� &�&���
FRPSLOHU�� 7KLV� FRPSLOHU� DFFHSWV� $16,� VWDQGDUG� &�&��� VRXUFH� FRGH� DQG� SURGXFHV� 706���� '63� DVVHPEO\�
ODQJXDJH�VRXUFH�FRGH�IRU�WKH�706���&��[�GHYLFH�

$SSOLFDWLRQ�5HSRUWV

7KH�607�	�SDFNDJLQJ�DSSOLFDWLRQ�QRWHV�ZHEVLWH� OLVWV�GRFXPHQWDWLRQ�RQ�7,¶V�VXUIDFH�PRXQW� WHFKQRORJ\� �607��
DQG�DSSOLFDWLRQ�QRWHV�RQ�D�YDULHW\�RI�SDFNDJLQJ�UHODWHG�WRSLFV�

6HPLFRQGXFWRU�3DFNLQJ�0HWKRGRORJ\�GHVFULEHV�WKH�SDFNLQJ�PHWKRGRORJLHV�HPSOR\HG�WR�SUHSDUH�VHPLFRQGXFWRU�
GHYLFHV�IRU�VKLSPHQW�WR�HQG�XVHUV�

&DOFXODWLQJ�8VHIXO�/LIHWLPHV�RI�(PEHGGHG�3URFHVVRUV�SURYLGHV�D�PHWKRGRORJ\�IRU�FDOFXODWLQJ�WKH�XVHIXO�OLIHWLPH�
RI� 7,� HPEHGGHG� SURFHVVRUV� �(3V�� XQGHU� SRZHU� ZKHQ� XVHG� LQ� HOHFWURQLF� V\VWHPV�� ,W� LV� DLPHG� DW� JHQHUDO�
HQJLQHHUV�ZKR�ZLVK�WR�GHWHUPLQH�LI�WKH�UHOLDELOLW\�RI�WKH�7,�(3�PHHWV�WKH�HQG�V\VWHP�UHOLDELOLW\�UHTXLUHPHQW�

$Q� ,QWURGXFWLRQ� WR� ,%,6� �,�2� %XIIHU� ,QIRUPDWLRQ� 6SHFLILFDWLRQ�� 0RGHOLQJ� GLVFXVVHV� YDULRXV� DVSHFWV� RI� ,%,6�
LQFOXGLQJ�LWV�KLVWRU\��DGYDQWDJHV��FRPSDWLELOLW\��PRGHO�JHQHUDWLRQ�IORZ��GDWD�UHTXLUHPHQWV�LQ�PRGHOLQJ�WKH�LQSXW�
RXWSXW�VWUXFWXUHV��DQG�IXWXUH�WUHQGV�

6HULDO� )ODVK� 3URJUDPPLQJ� RI� &������0LFURFRQWUROOHUV� GLVFXVVHV� XVLQJ� D� IODVK� NHUQHO� DQG� 520� ORDGHUV� IRU�
VHULDO�SURJUDPPLQJ�D�GHYLFH�

)DVW� ,QWHJHU� 'LYLVLRQ� ±� $� 'LIIHUHQWLDWHG� 2IIHULQJ� )URP� &������ 3URGXFW� )DPLO\� SURYLGHV� DQ� RYHUYLHZ� RI� WKH�
GLIIHUHQW�GLYLVLRQ�DQG�PRGXOR��UHPDLQGHU��IXQFWLRQV�DQG�LWV�DVVRFLDWHG�SURSHUWLHV�

7KH�(VVHQWLDO�*XLGH� IRU�'HYHORSLQJ�:LWK�&������5HDO�7LPH�0LFURFRQWUROOHUV�SURYLGHV�D�GHHSHU� ORRN� LQWR� WKH�
FRPSRQHQWV�WKDW�GLIIHUHQWLDWH�WKH�&�����0LFURFRQWUROOHU�8QLW��0&8��DV�LW�SHUWDLQV�WR�5HDO�7LPH�&RQWURO�6\VWHPV�

����6XSSRUW�5HVRXUFHV

7,�(�(�� VXSSRUW� IRUXPV�DUH�DQ�HQJLQHHU
V�JR�WR�VRXUFH� IRU� IDVW��YHULILHG�DQVZHUV�DQG�GHVLJQ�KHOS�²�VWUDLJKW�
IURP�WKH�H[SHUWV��6HDUFK�H[LVWLQJ�DQVZHUV�RU�DVN�\RXU�RZQ�TXHVWLRQ�WR�JHW�WKH�TXLFN�GHVLJQ�KHOS�\RX�QHHG�

/LQNHG�FRQWHQW�LV�SURYLGHG��$6�,6��E\�WKH�UHVSHFWLYH�FRQWULEXWRUV��7KH\�GR�QRW�FRQVWLWXWH�7,�VSHFLILFDWLRQV�DQG�GR�
QRW�QHFHVVDULO\�UHIOHFW�7,
V�YLHZV��VHH�7,
V�7HUPV�RI�8VH�
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����7UDGHPDUNV

&�������706���&�������&RGH�&RPSRVHU�6WXGLR���706������DQG�7,�(�(��DUH�WUDGHPDUNV�RI�7H[DV�
,QVWUXPHQWV�
%RVFK��LV�D�UHJLVWHUHG�WUDGHPDUN�RI�5REHUW�%RVFK�*PE+�&RUSRUDWLRQ�
$UP��LV�D�UHJLVWHUHG�WUDGHPDUN�RI�$UP�/LPLWHG��RU�LWV�VXEVLGLDULHV��LQ�WKH�86�DQG�RU�HOVHZKHUH�
$OO�WUDGHPDUNV�DUH�WKH�SURSHUW\�RI�WKHLU�UHVSHFWLYH�RZQHUV�

����(OHFWURVWDWLF�'LVFKDUJH�&DXWLRQ

7KLV�LQWHJUDWHG�FLUFXLW�FDQ�EH�GDPDJHG�E\�(6'��7H[DV�,QVWUXPHQWV�UHFRPPHQGV�WKDW�DOO�LQWHJUDWHG�FLUFXLWV�EH�KDQGOHG�
ZLWK�DSSURSULDWH�SUHFDXWLRQV��)DLOXUH�WR�REVHUYH�SURSHU�KDQGOLQJ�DQG�LQVWDOODWLRQ�SURFHGXUHV�FDQ�FDXVH�GDPDJH�

(6'�GDPDJH�FDQ�UDQJH�IURP�VXEWOH�SHUIRUPDQFH�GHJUDGDWLRQ�WR�FRPSOHWH�GHYLFH�IDLOXUH��3UHFLVLRQ�LQWHJUDWHG�FLUFXLWV�PD\�
EH�PRUH�VXVFHSWLEOH�WR�GDPDJH�EHFDXVH�YHU\�VPDOO�SDUDPHWULF�FKDQJHV�FRXOG�FDXVH�WKH�GHYLFH�QRW�WR�PHHW�LWV�SXEOLVKHG�
VSHFLILFDWLRQV�

����*ORVVDU\

7,�*ORVVDU\� 7KLV�JORVVDU\�OLVWV�DQG�H[SODLQV�WHUPV��DFURQ\PV��DQG�GHILQLWLRQV�
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���0HFKDQLFDO��3DFNDJLQJ��DQG�2UGHUDEOH�,QIRUPDWLRQ

7KH� IROORZLQJ� SDJHV� LQFOXGH�PHFKDQLFDO�� SDFNDJLQJ�� DQG� RUGHUDEOH� LQIRUPDWLRQ�� 7KLV� LQIRUPDWLRQ� LV� WKH�PRVW�
FXUUHQW�GDWD�DYDLODEOH�IRU�WKH�GHVLJQDWHG�GHYLFHV��7KLV�GDWD�LV�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH�DQG�UHYLVLRQ�RI�
WKLV�GRFXPHQW��)RU�EURZVHU�EDVHG�YHUVLRQV�RI�WKLV�GDWD�VKHHW��UHIHU�WR�WKH�OHIW�KDQG�QDYLJDWLRQ�

7R�OHDUQ�PRUH�DERXW�7,�SDFNDJLQJ��YLVLW�WKH�3DFNDJLQJ�LQIRUPDWLRQ�ZHEVLWH�

ZZZ�WL�FRP
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PACKAGE OPTION ADDENDUM

www.ti.com 15-Sep-2022

PACKAGING INFORMATION

Orderable Device Status

(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan

(2)

Lead finish/
Ball material

(6)

MSL Peak Temp

(3)

Op Temp (°C) Device Marking

(4/5)

Samples

F280037CPTQ1 ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037C

PTQ
Samples

F280037CPTRQ1 ACTIVE LQFP PT 48 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037C

PTQ
Samples

F280037CSPM ACTIVE LQFP PM 64 160 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037CSPM Samples

F280037CSPN ACTIVE LQFP PN 80 119 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037CSPN Samples

F280037CSPT ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037CS

PT
Samples

F280037SPN ACTIVE LQFP PN 80 119 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037SPN Samples

F280037SPNR ACTIVE LQFP PN 80 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280037SPN Samples

F280038CPMQ1 ACTIVE LQFP PM 64 160 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280038CPMQ Samples

F280038CPMRQ1 ACTIVE LQFP PM 64 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280038CPMQ Samples

F280039CPZQ1 ACTIVE LQFP PZ 100 90 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280039CPZQ Samples

F280039CPZRQ1 ACTIVE LQFP PZ 100 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280039CPZQ Samples

F280039CSPM ACTIVE LQFP PM 64 160 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280039CSPM Samples

F280039CSPN ACTIVE LQFP PN 80 119 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280039CSPN Samples

F280039CSPZ ACTIVE LQFP PZ 100 90 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 125 F280039CSPZ Samples

XF280037CSPT ACTIVE LQFP PT 48 90 TBD Call TI Call TI -40 to 125 Samples

XF280039CSPM ACTIVE LQFP PM 64 90 TBD Call TI Call TI -40 to 125 Samples

XF280039CSPN ACTIVE LQFP PN 80 119 TBD Call TI Call TI -40 to 125 Samples

XF280039CSPZ ACTIVE LQFP PZ 100 90 TBD Call TI Call TI -40 to 125 Samples

 
(1)

 The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
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LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

 
(2)

 RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance

do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may

reference these types of products as "Pb-Free".

RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

 
(3)

 MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4)

 There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5)

 Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.

 
(6)

 Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two

lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information

provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and

continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.

TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 

 OTHER QUALIFIED VERSIONS OF TMS320F280037C, TMS320F280037C-Q1, TMS320F280039C, TMS320F280039C-Q1 :

• Catalog : TMS320F280037C, TMS320F280039C

• Automotive : TMS320F280037C-Q1, TMS320F280039C-Q1

 NOTE: Qualified Version Definitions:

• Catalog - TI's standard catalog product
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• Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0

B0

K0

W

Dimension designed to accommodate the component length

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

F280039CPZRQ1 LQFP PZ 100 1000 330.0 32.4 16.9 16.9 2.0 24.0 32.0 Q2
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 

*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

F280039CPZRQ1 LQFP PZ 100 1000 367.0 367.0 55.0
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TRAY
 

 

L - Outer tray length without tabs KO - 

Outer 

tray 

height

W - 

Outer 

tray 

width

P1 - Tray unit pocket pitch

CW - Measurement for tray edge (Y direction) to corner pocket center

CL - Measurement for tray edge (X direction) to corner pocket center

Text

 

 

Chamfer on Tray corner indicates Pin 1 orientation of packed units.

 

 

*All dimensions are nominal

Device Package
Name

Package
Type

Pins SPQ Unit array
matrix

Max
temperature

(°C)

L (mm) W
(mm)

K0
(µm)

P1
(mm)

CL
(mm)

CW
(mm)

F280037CPTQ1 PT LQFP 48 250 10 x 25 150 315 135.9 7620 12.2 11.1 11.25

F280037CSPM PM LQFP 64 160 8 X 20 150 315 135.9 7620 15.2 13.1 13

F280037CSPN PN LQFP 80 119 7 X 17 150 315 135.9 7620 17.9 14.3 13.95

F280037CSPT PT LQFP 48 250 10 x 25 150 315 135.9 7620 12.2 11.1 11.25

F280037SPN PN LQFP 80 119 7 X 17 150 315 135.9 7620 17.9 14.3 13.95

F280038CPMQ1 PM LQFP 64 160 8 X 20 150 315 135.9 7620 15.2 13.1 13

F280039CPZQ1 PZ LQFP 100 90 6 x 15 150 315 135.9 7620 20.3 15.4 15.4

F280039CSPM PM LQFP 64 160 8 X 20 150 315 135.9 7620 15.2 13.1 13

F280039CSPN PN LQFP 80 119 7 X 17 150 315 135.9 7620 17.9 14.3 13.95
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PACKAGE OUTLINE

C

64X 
0.27
0.1760X 0.5

PIN 1 ID

0.05 MIN

4X 7.5

0.08

 TYP
12.2
11.8

(0.13) TYP

1.6 MAX

B

NOTE 3

10.2
9.8

A

NOTE 3

10.2
9.8

0.75
0.45

0.25

GAGE PLANE

-70

(1.4)

PLASTIC QUAD FLATPACK

LQFP - 1.6 mm max heightPM0064A
PLASTIC QUAD FLATPACK

4215162/A   03/2017

NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed 0.15 mm per side.
4. Reference JEDEC registration MS-026.
 

1

16

17 32

33

48

4964

0.08 C A B

SEE DETAIL A
0.08

SEATING PLANE

DETAIL A
SCALE: 14

DETAIL  A
TYPICAL

SCALE  1.400
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EXAMPLE BOARD LAYOUT

0.05 MAX
ALL AROUND 0.05 MIN

ALL AROUND

64X (1.5)

64X (0.3)

(11.4)

(11.4)60X (0.5)

(R0.05) TYP

LQFP - 1.6 mm max heightPM0064A
PLASTIC QUAD FLATPACK

4215162/A   03/2017

NOTES: (continued)
 
5. Publication IPC-7351 may have alternate designs. 
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. For more information, see Texas Instruments literature number SLMA004 (www.ti.com/lit/slma004).

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:8X

SYMM

SYMM

64 49

17 32

33

48
1

16

METAL SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

EXPOSED METAL

SOLDER MASK METAL UNDER
SOLDER MASK

SOLDER MASK
DEFINED

EXPOSED METAL



www.ti.com

EXAMPLE STENCIL DESIGN

64X (1.5)

64X (0.3)

60X (0.5)

(R0.05) TYP

(11.4)

(11.4)

LQFP - 1.6 mm max heightPM0064A
PLASTIC QUAD FLATPACK

4215162/A   03/2017

NOTES: (continued)
 
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.
 

SYMM

SYMM

64 49

17 32

33

48
1

16

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE:8X



 MECHANICAL DATA
 
 

 MTQF013A – OCTOBER 1994 – REVISED DECEMBER 1996

1POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

PZ (S-PQFP-G100)    PLASTIC QUAD FLATPACK

4040149/B 11/96

50

26 0,13 NOM

Gage Plane

0,25

0,45

0,75

0,05 MIN

0,27

51

25

75

1

12,00 TYP

0,17

76

100

SQ

SQ
15,80

16,20

13,80

1,35

1,45

1,60 MAX

14,20

0°–7°

Seating Plane

0,08

0,50 M0,08

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Falls within JEDEC MS-026
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PACKAGE OUTLINE

0.25
GAGE PLANE

0 -7

7.2
6.8

7.2
6.8

9.2
8.8

4X 5.5

44X 0.5

9.2
8.8

48X 
0.27
0.17

1.6 MAX

0.5 MIN

1.45
1.35

0.75
0.45

LQFP - 1.6 mm max heightPT0048A
 LOW PROFILE QUAD FLATPACK

4215159/A   12/2021

0.1 C

NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice.
3. Reference JEDEC registration MS-026.
4. This may also be a thermally enhanced plastic package with leads conected to the die pads.
 

0.08 C A B

SEATING PLANE

SEE DETAIL A

A15.000

DETAIL A

SCALE 2.000

A

B

C
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EXAMPLE BOARD LAYOUT

0.05 MAX
ALLAROUND

0.05 MIN
ALL AROUND

(8.2)

(8.2)

48X (1.6)

48X (0.3)

44X (0.5)

(R0.05) TYP

LQFP - 1.6 mm max heightPT0048A
 LOW PROFILE QUAD FLATPACK

4215159/A   12/2021

NOTES: (continued)
 
5. Publication IPC-7351 may have alternate designs. 
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE 10.000

PKG SYMM 

PKG
SYMM

1

12

13 24

25

36

3748
SEE SOLDER MASK
DETAILS

EXPOSED METAL

METAL EDGE
SOLDER MASK

OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

EXPOSED METAL

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
DEFINED
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EXAMPLE STENCIL DESIGN

(8.2)

(8.2)

48X (1.6)

48X (0.3)

44X (0.5)

(R0.05) TYP

LQFP - 1.6 mm max heightPT0048A
 LOW PROFILE QUAD FLATPACK

4215159/A   12/2021

NOTES: (continued)
 
7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
8. Board assembly site may have different recommendations for stencil design.
 

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

SCALE: 10X

PKG SYMM 

PKG
SYMM

1

12

13 24

25

36

3748



 MECHANICAL DATA
 
 

 MTQF010A – JANUARY 1995 – REVISED DECEMBER 1996

1POST OFFICE BOX 655303 •  DALLAS, TEXAS 75265

PN (S-PQFP-G80)    PLASTIC QUAD FLATPACK

4040135 /B 11/96

0,17

0,27

0,13 NOM

40

21

0,25

0,45

0,75

0,05 MIN

Seating Plane

Gage Plane

4160

61

80

20

SQ

SQ

1

13,80

14,20

12,20

9,50 TYP

11,80

1,45

1,35

1,60 MAX 0,08

0,50 M0,08

0°–7°

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Falls within JEDEC MS-026
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