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$(6�63',)�²�,QIRUPDWLRQ�6KHHW�

Functional Description 
7KLV�FRUH�LV�D�synchronous�$(6�(%8�WUDQVPLWWHU�IRU�GLJLWDO�DXGLR��7KH�IHDWXUHV�DUH�VLPLODU�WR�WKH�&6����$�
H[FHSW�WKDW�WKH�GHVLJQ�LV�IXOO\�V\QFKURQRXV��7KH�VHULDO�RXWSXW�LV�FRXSOHG�WR�WKH�VHULDO�LQSXW�ZKHUHDV�LQ�WKH�
&6����$�LW�LV�QRW��6HH�DSSHQGL[�$�IRU�GHWDLOV��7KH�FRUH�VXSSRUWV�FKDQQHO�VWDWXV�LQ�D�IUDPH�RI�����ELWV��2QO\�WKH�
ILUVW����ELWV�DUH�LPSOHPHQWHG�WR�NHHS�WKH�JDWH�FRXQW�ORZ��&5&�LV�DXWRPDWLFDOO\�VZLWFKHG�RI�LI�&��LV�Ä]HUR³�IRU�
FRQVXPHU�PRGH��7KH�&5&�EORFN�FDQ�EH�OHIW�RXW�FRPSOHWHO\�DV�FDQ�EH�VHHQ�LQ�WKH�WRS�OHYHO�VKHHW�RI�63',)�JGI�
EHORZ���$X[LOLDU\�DQG�8VHU�GDWD�DUH�DOVR�OHIW�RXW��9DOLGLW\�DQG�3DULW\�DUH�DFWLYH�LQ�DOO�PRGHV��
�
7KH�GHVLJQ�LV�scalable��,W�VXSSRUWV�D�PDVWHU�FORFN�RI�����RU�����WLPHV�IBVDPSOH��7KH�ZRUG�OHQJWK�FDQ�EH�DQ\WKLQJ�
IURP����WR����ELWV��6DPSOH�UDWHV�FDQ�YDU\�IURP���N+]�WR���N+]�HYHQ�ZLWK�ORZ�VSHHG�JUDGH�)3*$V��
�
2Q�RI�WKH�PRVW�LPSRUWDQW�GLIIHUHQFHV�UHJDUGLQJ�RWKHU�FRUHV�RU�FKLSV�LV�WKH�IDFW�WKDW�WKHUH�DUH�no state machines 
WKDW�KDYH�WR�EH�UHVHW��$OO�WKH�FRXQWHUV�LQ�WKH�GHVLJQ�DUH�VHW�RU�UHVHW�SHULRGLFDOO\�E\�WKH�,�6�LQSXW��7KHUH�DUH�QR�
ÄGHDG�VWDWHV³��7KLV�JLYHV������VWDELOLW\�DQG�UHOLDELOLW\�WR�WKH�FRUH��(YHQ�DV\QFKURQRXVO\�VZLWFKLQJ�WKH�PDVWHU�
FORFN�IURP��������0+]�WR�������0+]�I�H��FDQ�QRW�ÄKDQJ�XS³�WKH�GHVLJQ��
7KH�FHOO�FRXQW�LV�DURXQG�����/&(//V�LQ�DQ�(3)��.���GHVLJQ�LQFOXGLQJ�&5&�DQG����IXOO\�SURJUDPPDEOH�FKDQQHO�
VWDWXV�ELWV��63',)�LV�DURXQG������7\LQJ�VRPH�RI�WKH�VWDWXV�ELWV�WR�]HUR�RU�RQH�VDYHV�HYHQ�PRUH�/&(//V��
7KH�',*,/$%���.���RU�RWKHU�',*,/$%�ERDUGV�FDQ�EH�XVHG�IRU�HYDOXDWLRQ�DQG�SURWRW\SLQJ��
�
7KH�WRS�OHYHO�LV�QDPHG�“AES_TX.VHD” �DQG�LV�VKRZQ�KHUH�DV�$OWHUD�³*')´�VKHHW�IRU�UHIHUHQFH��7KH�VRXUFH�FRGH�
LV�IXOO\�FRPPHQWHG�LQ�(QJOLVK��7KHUH¶V�D�9+'/�SDFNDJH�LQFOXGHG�“AES_TX_PGK.VHD” �WKDW�FDQ�EH�PRGLILHG�
WR�FKDQJH�WKH�ZRUG�OHQJWK�DQG�FORFN�UDWH�ZLOO�EH�SURYLGHG��7KLV�SDFNDJH�LV�QRW�HQFU\SWHG��It is necessary to select 
this package as a project and do a “Save & Check” before the “AES_TX” function can be compiled.�
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Top Level Sheet – AES.GDF 

cs_serial

data_rdy

frame_cnt_enb

daudio[15..0]

frame0

subframeA

prb_bit_2

prb_bit_3

frame0

subframeA

clk

enable data

enable_x2

clk

enable

enable_x2

subframeA

daudio[15..0]

data_rdy

clk

clk

enable

c[0]

clk

frame_cnt_enb

cs_serial

crc_enb

crc_init

frame0

clk

12,288/24.576MHz

VCC6 valid INPUT

38

clk

reset

enable

frame0

subframeA

audio_data[15..0]

valid

cstatus

data_rdy

data

prb_bit_2

prb_bit_3

frame_cnt_enb

FRAME_CTRL

contains package declaration !

39

clk

enable

enable_x2

data

prb_bit_2

prb_bit_3

frame0

subframeA

aes_out

BIPHASE

10 aes_outOUTPUT

28
VCC

VCC3 sdata INPUT

35

clk

reset

lrclk

bclk

sdata

enable

enable_x2

subframeA

audio_data[15..0]

data_rdy

I2S_RCVR

contains package declaration ! 1
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TITLE

COMPANY

DESIGNER

SIZE NUMBER REV

DATE SHEET OF

VCC5 lrclk INPUT

VCC4 bclk INPUT

VCC2 clk_m INPUT

31
VCC

12

GLOBAL

34

clk

reset

frame_cnt_enb

cs_bit[31..0]

crc[7..0]

frame0

crc_init

CRC_enb

cs_out

CSTATUS

40

clk

reset

crc_init

crc_enb

cs_in

c0

crc_out[7..0]

CRC

VCC7 c[31..0] INPUT

29
VCC

41
VCC

�
�
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I/O Ports 
• &/.B0�LV�WKH�PDVWHU�FORFN�RI�����RU�����WLPHV�IBVDPSOH��
• &>�����@�DUH�WKH�FKDQQHO�VWDWXV�ELWV�IURP���WR�����
• /5&/.�LV�WKH�ZRUG�V\QF�RI�WKH�,�6�LQSXW��
• %&/.�LV�WKH�ELW�FORFN�RI�WKH�,�6�LQSXW��
• 6'$7$�LV�WKH�VHULDO�GDWD�LQSXW�RI�WKH�,�6�LQSXW��
• 9$/,'�LV�WKH�LQSXW�WKDW�FRQWUROV�WKH�YDOLGLW\�ELW�LQ�HYHU\�VXE�IUDPH��
• $(6B287�LV�WKH�EL�SKDVH�RXWSXW�WKDW�IHHGV�WKH�KLJK�FXUUHQW�GULYHU�IRU�WKH�63',)�RU�$(6�FRPSDWLEOH�RXWSXW��
�

1

c[31..0]

clk_m

lrclk

bclk

sdata

aes_out

valid

aes_tx

�
�

Timing 
7KH�LQSXW�WLPLQJ�RI�WKH�,�6�UHFHLYHU�LV�VOLJKWO\�GLIIHUHQW�WKHQ�WKH�&6����$�LQ�WKH�VHQVH�WKDW�LW�LV�V\QFKURQRXV�
UHJDUGLQJ�WR�WKH�PDVWHU�FORFN��%&/.�LV�QRW�DQ\PRUH�D�UHDO�FORFN�WKDW�UXQV�WR�WKH�FORFN�QRGH�RI�LQWHUQDO�IOLS�IORSV��
,W�LV�LQVWHDG�LPSOHPHQWHG�DV�D�TXDOLILHU��7KH�ULVLQJ�HGJH�L�H��WKH�ILUVW�WLPH�%&/.�LV�VDPSOHG�KLJK�E\�WKH�PDVWHU�
&/.B0�DIWHU�EHLQJ�ORZ�IRU�DW�OHDVW�RQH�FORFN�F\FOH�LV�DOVR�WKH�PRPHQW�ZKHQ�6'$7$�DQG�/5&/.�DUH�VDPSOHG��
7KLV�DSSURDFKHG�ZDV�FRQVLGHUHG�WKH�PRVW�VWUDLJKW�IRUZDUG�WR�LPSOHPHQW�DQG�GHVFULEH��7LPLQJ�FDQ�EH�FKDQJHG�
HDVLO\�E\�DGGLQJ�RQH�IOLS�IORS�EHIRUH�%&/.�RU�6'$7$�DQG�/5&/.��
$OO�LQSXWV�DQG�RXWSXWV�DUH�GLUHFW�LQSXWV�RU�RXWSXWV�RI�'�W\SH�IOLS�IORSV��7KLV�VLPSOLILHV�WLPLQJ�LVVXHV�EHWZHHQ�WKH�
$(6�FRUH�DQG�RWKHU�SDUWV�RI�WKH�$6,&�RU�3/'��
�
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APENDIX A 
Synchronous versus Asynchronous 
,I�\RX�ORRN�DW�WKH�GDWD�VKHHW�RI�WKH�&6����$�\RX�ZLOO�ILQG�D�EORFN�GUDZLQJ�RI�WKH�LQWHUQDO�VWUXFWXUH�LQ�ILJXUH�%���
$SSHQGL[�%��,W�VKRZV�WZR�VKLIW�UHJLVWHUV�DQG�DQ�LQWHUPHGLDWH�SDUDOOHO�DXGLR�EXIIHU��7KH�UHDVRQ�IRU�WKH�SUHVHQFH�RI�
WKH�LQWHUPHGLDWH�UHJLVWHU�LV�WKH�IROORZLQJ��7KH�VHULDO�DXGLR�LQSXW�FDQ�FRQWDLQ�MLWWHU�GHSHQGLQJ�ZKLFK�VRXUFH�LW�FRPHV�
IURP��$�W\SLFDO�FDVH�LV�ZKHQ�D�$(6�WUDQVPLWWHU�IROORZV�DQ�$(6�UHFHLYHU�LQ�D�FLUFXLW�WKDW�UXQV�RQ�WKH�FORFN�
SURYLGHG�E\�WKH�UHFHLYHU��,I�WKH�PDVWHU�FORFN��0&.��VXSSOLHG�WR�WKH�WUDQVPLWWHU�LV�UHVWRUHG�E\�D�9&;2�EDVHG�3//�
IRU�H[DPSOH�WKHUH�ZLOO�EH�MLWWHU�EHWZHHQ�WKH�ELW�FON��6&.��DQG�0&.���
7R�DYRLG�V\QFKURQL]DWLRQ�SUREOHPV�6&.�LV�QRW�VDPSOHG�E\�0&.��,Q�IDFW�6&.�GULYHV�WKH�VKLIW�LQ�UHJLVWHU�DQG�WKH�
DXGLR�EXIIHU�DQG�0&.�GULYHV�WKH�VKLIW�RXW�UHJLVWHU�DQG�WKH�UHVW�RI�WKH�$(6�IUDPLQJ�VWDWH�PDFKLQH��&U\VWDO�LV�DZDUH�
RI�WKH�SUREOHP�WKDW�DULVHV�ZKHQ�WKH�WUDQVIHU�LQWR�DQG�RXW�RI�WKH�DXGLR�EXIIHU�RYHUODS�DQG�SURYLGHV�D�UHVHW�FLUFXLW�WR�
FKDQJH�WKH�SKDVH�RI�WKH�VXEIUDPH�FRXQWHUV�LI�WKLV�RYHUODS�RFFXUV���
7KH�DEVROXWH�SKDVH�EHWZHHQ�WKH�,��IUDPHV�DQG�WKH�$(6�VXEIUDPHV�GHSHQGV�RQ�WKH�VLWXDWLRQ�DIWHU�UHVHW�DQG�LV�
WKHUHIRUH�UDQGRP��7KH�XVHU�KDV�QR�ZD\�WR�NQRZ�KRZ�FORVH�WR�DQ�RYHUODS�UHVHW�KLV�FLUFXLW�LV�DW�DQ\�PRPHQW��$�VSLNH�
LQ�WKH�SKDVH�QRLVH�FDQ�FDXVH�D�UHVHW�DQ\�WLPH��
2EYLRXVO\�LW�LV�VWLOO�PDQGDWRU\�WKDW�6&.�DQG�0&.�DUH�ORFNHG�RYHU�WLPH�RWKHUZLVH�SHULRGLFDO�UHVHWV�ZRXOG�FDXVH�
GURS�RXWV�LQ�WKH�$(6�VLJQDO��%HVLGHV�WKDW�D�IXOO�EORZQ�VDPSOH�UDWH�FRQYHUVLRQ�ZRXOG�EH�QHHGHG��
�
,Q�DQ�FLUFXLW�ZKHUH�%&/.��6'$7$�DQG�/5&/.�DUH�JHQHUDWHG�V\QFKURQRXV�WR�WKH�PDVWHU�FORFN�DOO�WKLV�FDQ�EH�OHIW�
RXW��7KH�VXSSOLHG�FRUH�GRHV�QRW�FRQWDLQ�WKH�DXGLR�EXIIHU�EHWZHHQ�WKH�VKLIW�UHJLVWHUV��7KH�VKLIW�RXW�UHJLVWHU�LV�ORDGHG�
DQG�WKH�UHVSHFWLYH�FRXQWHUV�DUH�UHVHW�ZKHQ�WKH�ODVW�ELW��/6%��RI�WKH�,�6�VWUHDP�KDV�DUULYHG�LQ�WKH�VKLIW�LQ�UHJLVWHU��
7KH�GHOD\�EHWZHHQ�WKH�,��IUDPHV�DQG�WKH�$(6�VXEIUDPHV�LV�FRQVWDQW�DQG�GHSHQGV�RQO\�RQ�WKH�ZRUG�OHQJWK�WKDW�ZDV�
FKRVHQ�LQ�WKH�FRQVWDQW�GHFODUDWLRQV�RI�WKH�9+'/�VRXUFH�FRGH��
%XW�WKH�ELJJHVW�DGYDQWDJH�RI�D�V\QFKURQRXV�GHVLJQ�LV�WKH�SRVVLELOLW\�WR�FRQWURO�WKH�ZKROH�ÄPDFKLQH³�E\�WKH�HGJH�RI�
/5&/.��1R�UHVHW�LV�QHHGHG�DQG�QR�KDQJ�XSV�FDQ�KDSSHQ��
�
�

Deliverables 
� (QFU\SWHG�JDWH�OHYHO�QHWOLVW�RSWLPLVHG�IRU�$OWHUD¶V�)/(;��$3(;��DUFKLWHFWXUHV�

DOWHUQDWLYH�
� 9+'/�VRXUFH�FRGH�

�

�

�

�

$&$3��$&&(66��$OWHUD��$033��$3(;��$3(;���.��$WODV��%LW%ODVWHU��%\WH%ODVWHU��%\WH%ODVWHU09��)/(;��)/(;���.��)/(;���.$��)/(;���.(��)/(;�������)/(;�����$��-DP��0$;��
0$;�������0$;�����$��0$;�������0$;�����(��0$;�����6��0$;�����$��0$;�����$(��0$;�����$��0$;�3/86�,,��0HJD&RUH��0HJD/$%��0XOWL&RUH��0XOWL9ROW��1DWLYH/LQN��
2SHQ&RUH��2SWL)/(;��4XDUWXV��6DPH)UDPH��6LJQDO7DS��6\VWHP�RQ�D�3URJUDPPDEOH�&KLS��7XUER�%LW���3LWFK�DUH�WUDGHPDUNV�DQG�RU�VHUYLFH�PDUNV�RI�$OWHUD�&RUSRUDWLRQ�LQ�WKH�8QLWHG�6WDWHV�

DQG�RWKHU�FRXQWULHV��3URGXFW�GHVLJQ�HOHPHQWV�DQG�PQHPRQLFV�XVHG�E\�$OWHUD�&RUSRUDWLRQ�DUH�SURWHFWHG�E\�FRS\ULJKW�DQG��RU�WUDGHPDUN�ODZV��
(O�&DPLQR�*PE+�DFNQRZOHGJHV�WKH�WUDGHPDUNV�RI�$OWHUD�&RUSRUDWLRQ�DQG�RWKHU�RUJDQL]DWLRQV�IRU�WKHLU�UHVSHFWLYH�SURGXFWV�RU�VHUYLFHV�PHQWLRQHG�LQ�WKLV�GRFXPHQW��


