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:Hb]698H��C�EHG|U�W)OQ:H�!8�AP�N�H\FG�bFb�=�Y7W)8qC�\FWPOab]69�)8ZADO9bòO96Q�PG7Y7EH69��LaG�OQG�U±C�J � :NCF�H:NC ��8ZAP¤HOQG7AP8N� G³\F6QCFG[Y7WP8;CF\FW)O
bF�TG�U�6Q� R2CFEHGKW)�TG�\�AoC�69WP82C�W
¤MGK�HWP8HGP=

����� ��� ¦��

D�83^7E�S�?#G�`PG�\]R2¤H6QC7U�W)\]\FG�b]�MWP8H�Hb�C�W
A�b]698H�)OQG$CF\�AP8Hb]69b�C�W)\[U�G�OQOMI�EH6QU�E¥69b[6Q�
�HOQG��!G�8qC�G��¥APb�A�b]69�!�HO9G
U�AD�ZAPU�6zC�6z`)G
U�EZAP\]�)G!I�G�OQOÆ=µ^7E�S�? U�G�O9OQbËAP\FG!�
WP\FG>U�WP�
�ZADU�CKR~69G�OQ�H698N�3��:HU�EÅ�)\]G�ADCFG�\Ë�HG�8NbF6QCF69G�bK�¹WP\
^7E�S�? Wr`)G�\,L�E�S�?Ä=�£ 69�):N\FG � bFENWsI�b²C�ENG(698qC�G�\F8ZAPOXW)\F�qAD8H69Ï�ADC�6QW)8¾WP��A¿C�Ra�N69U�ADO�^7E�S�? U�EH69�j=
�ò69�DG3L�E�S�?³J�C�ENG3U�G�OQO9b>AP\]G¥W)\F�)AP8H69Ï�G�� APb
A(�
ADC�\]6z¶M=¿57:aC
:H8HO96Q�PG3L�E�S�? C�ENG,AD�H�H\FG�bFb
¤H6zC�b
AP\]G
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Data Out
Buffer

Row Address
Buffer

Column Address
Buffer

Chip Select CS

Output Enable OE

Write Control W

Memory Array

R
o

w
 D

ec
o

d
er

Column I/O Circuits

... Bit lines ...

...
 W

o
rd

 li
n

es
 ..

.

Column Address Decoder

I/O0 I/Ow

. . .

Am

A0

An

I/O Control Logic

An+1
. .

 .

Data In

. .
 .

Buffer

£ 69�P:H\FG ¢ ��5�O9W~U��2^�6ØAD�)\�AP� WP��L�E�S�?

��:HOzC�6Q�HO9GÉ¶NG��j=���EHG,\FWrI AP8H�¾U�W)O9:N�
8 �HG�U�Wa�NG�\Fb
I7W)\]�·O969�DG3CFEHG�6Q\
U�W):H8qC�G�\F�ZAD\]C�b
698¾L�E�S�?³=|��EHG
�¹:H8H�HAP�
G�8qC�APO@�H6IC®G�\FG�8NU�GX6Qb|CFEZADC7AP82AD8ZAPO9WP�Ëb]G�8Hb]G�AP�!�HO96zÒZG�\�6Qb|:NbFG��2CFW¸\]G�AP�
C�EHG$U�W)8qC�G�8qC�b7WD�_A¸U�G�O9O
AP8H�>CFEHG�U�EZAP\F�PG�698>C�EHG�U�G�OQOH69b��H\FAP698NG��
AD� CFG�\�G�ADU�E
\]G�AP�j= ��EHG�U�EZAP\F�PG�OQG�AP�;b�Wr`)G�\�C�69�!G�AP8N�!8NG�G��Nb�CFW
¤TG�\FG�b]C�WP\FG��¥�TG�\]69W~�H69U�APO9OzR>AP8N�²APO9b]W�AD� CFG�\7G�APU�E¥\FG�AP�j=�£ZW)\|C�EHG�bFG�\FG�APbFWP8Hb�APU�U�G�b]b[C�W>A�^7E�S�? I7WP\F�
698q`PW)OQ`PG�b�A>�
W)\]G�U�W)�!�HOQG±¶¥�N\FW~U�G��N:H\FG�C�EHAP83APU�U�G�bFb�C�W!AP8,L�E�S�? I7WP\F�j=|£ 6Q\Fb]C7C�EHGK\FWrI�AP�H�H\]G�bFb�6Qb
AP�H�NO969G��ÁÌ E�S�L²� E�WrI SX�H�H\]G�b]bKL~C�\]W)¤TGrÎ$AD8H�BC�ENG�\FWrI �HG�U�W~�HG�\�b]G�OQG�U�CFbXC�ENG�AP�H�N\FW)�H\]6ØADCFG¸\]WrIºAD8H�
C�ENG�8(C�EHG>U�W)O9:N�
8(AD�H�H\FG�bFb�6Qb�AP�H�HOQ69G��·ÌÆY7S�LB��Y7W)O9:H�!8�S$�H�H\FG�bFb¸L~CF\FW)¤TGrÎÉ=(D�8(CFEHG�U�ADbFG>WP�|\FG�AP�Hb�J
AD� CFG�\�CFEHGX�HADC�AËEZAPb7¤TG�G�8¥\FG�AP�jJaA��H\FGÉ��U�EZAD\F�)G$W)�MG�\�ADCF69W)8
69b|�HW)8HG�C�W�\]G�b�C�W)\]G$C�ENG�U�EZAP\]�)G$CFW¸C�ENG�\FWrI
C�EHADC¸I7APb¸\FG�AD�j= E�G±�¹\FG�b]E¿U�6Q\FU�:H6QCF\]R(6Qb¸:Hb]G��ÅCFWB�TG�\]69W~�H69U�APO9OzRÁÌ C�Ra�N69U�ADO9OQR�G�`)G�\]RÅ�P¡)�!b�Î�\FG±�¹\FG�bFE¿C�ENG
U�WP8;CFG�8qC�b�WP�4G�APU�E,\FWrIK=
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Data Out
Buffer

Row Address
Buffer

Column Address
Buffer

CAS Clock Gen

Refresh Cktry &
Counter, RAS & 

RAS

CAS

WE

Memory Array

R
o

w
 D

ec
o

d
er

Sense Amplifiers

... Bit lines ...

...
 W

o
rd

 li
n

es
 ..

.
Column Decoder, IO Gate

I/O0 I/Ow

. . .

An

A0

Data In

. .
 .

Buffer

���������
	���
���������	������������������! �"
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����� ����� ��� ¦�� �³¬�«	��¬�
7ªH©

?,W)b�C��µAP8;:N�hADU�C�:N\FG�\]b�U�:H\]\FG�8;CFOQR¥U�W)8Hb]69�HG�\�CF\�AP�N6QC�6QW)8ZAPOM^7E�S�? AP8H�²6QCFb�bF6Q�
�HOQG�\|`PAD\F6ØAD8;CFb�O96Q�PG�£@APb�C
¯ AD�)GË?,W~�HG�^7E�S�? AP8H�²��^ � ^7E�S�? APb�G�8N�¥WP��O96Q�¹G$�H\FW~�H:HU±C�b�=���EH69b�b]G�U�CF69W)82CFEHG�\]G��¹W)\]G�G��!�HEZAo�
bF6QÏ�G�b��!W)\]G�bFW)�HEN69b]CF69U�ADC�G��B^7E�S�?#C�G�U�EH8HW)OQW)�)6QG�b�O96Q�PGËLN^7E�S�?ÄJTLN�_^7E�S�? AD8H�?E�S�?,5[��LM=

� y�
òy�� �_lHk�p��Xl��@n�� Öòv�n���� ��� ����� � ��� ���"!

£@APb]C��ZAD�)GK�
W~�HGË^7E�S�? 6Qb�A!�!698HWP\[69�!�H\FWr`PG��!G�8qC�Ws`PG�\�C�EHGKU�WP8;`PG�8qC�6QW)8ZAPO4^7E�S�? G±¶a�HOØAD698HG��,6Q8
bFG�U�CF69W)8 ¢ = ¢ J46Q8ÄCFEZADCË6QCËADO9O9WrI�b���:NOQC�6Q�HO9G>Y7S�LÄU±R~U�O9G�bË�¹WPO9O9WrI�6Q8H�²A E�S�LÇU�R~U�OQGP=
��EH69bK69bK�)W~W~�Ç�¹WP\
APU�U�G�b]bF6Q8H��bFG�´;:HG�8qC�69APO7�HADC�A²I�6QC�EN698¿A3\FWrIK=3��EHGµb]G�8Hb]G¥AP�!�HO96zÒZG�\]bËENW)O9�ÄC�EHG
�ZADC�A3U�W)\]\FG�bF�TW)8H�H6Q8H�
C�W3C�EHG!U�:N\F\FG�8qC�OQRÄW)�TG�8Å�ZAP�)GBÌh\]WsI$Î�I�6QCFEH698ÄC�EHG!�!G��!W)\]RÇAD\F\�A�R³AP8H�ÄC�EH6Qb¸�HADC�A3U�AP8³¤MGµAPU�U�G�bFb]G��
\FG�OØADCF6Q`PG�OQR!�hAPb�C$¤TG��¹WP\FGK69b]bF:H6Q8H�
A
ÒH8ZAPOj�H\]G±�ÊU�EZAP\F�PG¸W)�TG�\FADC�6QW)82C�W
U�O9W)b]GKCFEHGK\FWrIK=

� y�
òy � #%$ prn~g�v�n~v&�¥lNprl('!iòp���� ��� � # �)'*��� ���"!

��^ � ^7E�S�?&EZAPb7AP8¥AP�N�H6QCF69W)8ZADOZOØADCFU�E
C�EHADC[b�C�W)\]G�b�CFEHG��ZAoC�AËI�EN69O9G�C�ENGX\FWrI 6Qb�¤TG�6Q8H���H\]G�U�EZAP\]�)G��®J
�TG�\F�!6QC]C�6Q8H��Wr`)G�\FOØAD�BWP�4\FG�AP�H698N�
CFEHGË�ZADC�A>W
C(CFEHGË¤H:Hb�AP8H�3�H\FG�U�EZAP\]�)698H�
C�ENG¸\]WsIK= DÊC$APO9b]W
�MG�\F�!6QC�b
C�ENGË�HADC�A�C�W
\]G��
AP698¥`DAPO96Q�2O9WP8H�)G�\�=

� y�
òy�
 +®Ô_g�to{�msÖTg�ÖTi�k���� ��� �,+���� ���"!

��EHW):N�)E!LN^7E�S�?½:Hb]G�b|AXU�WP\FG�bF6Q�
6QOØAP\jCFWKA$C�\FAP�H6zC�69WP8ZAPO~^7E�S�?½U�W)\]G[6QC 69b��¹:H8H�ZAP�!G�8qC�APO9OzR¸�N6 CMG�\FG�8qC
698�CFEZADC�6QC_b�Ra8NU�EH\FW)8N69Ï�G�b 6zC�b_W)�TG�\�AoC�69WP8�C�W$A�b�Rab�C�G�� U�O9W~U��@= G EH6QO9G E�S�LKAP8H��Y7S�LËAP\FG|APb�Ra8NU�EH\FW)8NW):Hb
bF6Q�)8ZAPOQb�698²C�EHGËU�ADbFGËWP��U�W)8q`)G�8qCF69W)8ZADO ^7E�S�?³JZ6zC�69b��!W)\FGËAP�H�N\FW)�H\]6ØADCFG�C�W!U�W)8Hb]69�HG�\�CFEHG�b]G�ADb$U�W)�
�
�
AP8H�Hb
69b]bF:HG�� CFWÅAD8ÂLa^7E�S�? U�EH6Q�ÂAoC!CFEHG²G��H�PG3WD�XC�ENG3U�O9W~U��@=ÂLa^7E�S�? 6Q8;CFG�\]8ZAPO9OzRÅ�N69�TG�O96Q8HG�b
6QCFbµW)�TG�\FADC�6QW)8j=Ð��EHW):H�)E¨La^7E�S�? EZAPb2b]G�`PG�\�ADOXC�6Q�
6Q8H�³U�W)8Hb�C�\�AD698qC�b�ÌhGP= �H= S E�S�LÃ�¹W)O9OQWsI�6Q8H�ÄA
�H\]G�U�EZAP\]�)G���:Nb]C[¤TGX6QbFb]:HG��¥W)8NOQR!AD� CFG�\[A¸�H\FG�U�EZAP\F�PG��HG�O9A�RHÎÉJa¤TG�U�AP:Hb]G�WP�òC�ENGX�H6Q�MG�O9698NG��µWP�MG�\�ADCF69W)8
A
Y7S�L!U�AP8
¤MG$69bFb]:HG��
G�APU�EµU�R~U�OQGP=|LN^7E�S�?�L
AP\FG�698qC�G�\F8ZADO9OQR�W)\F�)AP8H69Ï�G��µAPb�b]G�`PG�\�ADO®¤ZAP8N�~b�Ì¹C�R~�H6QU�APOQOQR
�¹W):H\�Î�AP8H�3W)�MG�\�ADCF69W)8Nb�WP8,�H6IC®G�\FG�8;C�¤ZAD8H�;b$U�AP8B¤TGKWs`PG�\]OØAP�H�TG��®=[S bF�
AP\]C��!G��!W)\]R2U�W)8qC�\]W)O9OQG�\�U�AP8
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:Hb]G�C�EHG�bFG��¹G�ADC�:H\]G�bXCFW2G�8NbF:H\]G>¤MG±CFC�G�\��TG�\]�¹WP\F�
AP8HU�G¸¤qRB6QbFbF:N698H�2WP�NC�6Q�µAPOòb]G�´;:HG�8HU�G�b¸WP��WP�MG�\�ADCF69W)8Hb
AP8H�3¤qR¥�
AP8ZAP�)6Q8H�>W)�TG�8²\FWrI�b��
WP\FG�G)CMG�U±C�6z`)G�OzR)=

� y�
òy � +®Ô_g�to{�msÖTg�ÖTi�k��|fÍg�� ��� ��� �,+�� ��� ��� !

LN�_^7E�S�?/69bXAP8(W)�TG�8Çb]C�AP8H�ZAD\F�(EH6Q�)E��TG�\]�¹WP\F�
AP8HU�G�^7E�S�?'C�G�U�EN8HW)O9WP�PR,CFEZADC��¹WPO9O9WrI�b$AP8(G�`PW)O9:~�
C�6QW)8ZAP\�R³AP�H�H\]WqAPU�EÁ�¹\FW)�'LN^7E�S�? CFWÇ^�:ZAPO�^�ADC�A?E$ADCFG¥^7E�S�? ÌÍ^�^7E$Î �   � =³LN�_^7E�S�? :HbFG�b
A
��:HOzC�6}���H\]W)�,¤N:Hb�C�EZAoC�U�WP8H8HG�U±C�bKA2�!G��!W)\]R3U�W)8qC�\FWPO9O9G�\XAD8H�(:H��C�WµG�69�PE;C�LN�_^7E�S�?/�HG�`~6QU�G�b�=K��EHG
U�WP8;CF\FW)OQO9G�\ bFG�8H�Hb�U�W)�
�
AP8H�Nb C�WKLa��^7E�S�?½�NG�69U�G�b�Wr`)G�\�AX�TW)\]CF69W)8�WD�ZC�EHG�¤H:Nb�U�APOQO9G��ËC�EHG�Y7WP�
�
AP8a�
�Z�ò698N��C�EZAoC�WP�MG�\�ADCFG�b�W)8!¤MWPCFE
G��H�)G�b�WP�MC�EHG�U�O9W~U��T=�^�ADC�A�69b�CF\�AP8Hb��¹G�\]\FG��
Wr`)G�\�C�ENG �  Ë¤H6zC|^�ADC�AP�_6Q8H�
�TW)\]CF69W)8³WP�[C�ENG2¤H:Hb>AD8H�¿�
ArRÄ¤TG2b]R~8HU�EN\FW)8H6QÏ�G��·I�6zC�E³W)8HG2WP��C�I�W��TW)bFb]69¤HOQGµU�O9W~U��Äb]69�)8HAPO9bËU�APOQO9G��
^KY[�_<K��AP8H�2^KY[��< � = �[I7W�U�O9W~U��;b[AP\]GX:Hb]G��µCFW��!698H6Q�
6QÏ�G[C�ENGX�qAP�
\FG�´~:N69\FG��µI�EHG�8¥U�W)8qC�\]W)O@WP�òC�ENG
^�ADC�A)�ò698H��6Qb|CF\�AP8Nb]�¹G�\]\FG��µ�¹\FW)� WP8HG$�NG�`~69U�G$C�W�AP8HWPCFEHG�\�=��ò69�DGX698
C�ENGXU�ADbFGXWD��LN^7E�S�?³J~APOQOZ698qC�G�\F8ZAPO
W)�TG�\FADC�6QW)8Hb�AP\]G��H69�TG�OQ698HG��j=

� y�
òy�� �3f¹msn~tPp � ���	��
�+ ��� ��� ��������� ���"!

^7E�^7E�S�? \]G��H\]G�bFG�8qC�b
A,b]69�)8N6QÒZU�AP8qC�AD�N`DAP8HU�G
698³^7E�S�? CFG�U�EH8HWPO9W)�PRÇ6Q8³CFG�\F�!bËWP�[¤TWPC�EÄC�EHG
bFGÉ�
�
AP8qC�69UXO9G�`PG�O_AP8N�²CFEHG�G�OQG�U±C�\F6QU�APO®U�EZAP\�ADU�C�G�\F6Qb]C�6QU�b�WP��C�ENGK^7E�S�? 6Q8qC�G�\��hAPU�G � �N� � � � � � =���EHGK698qC�G�\]�hAPU�G
¤TG�C�I�G�G�8¥CFEHG�^7E�^7E�S�?&AP8N�
C�ENG7E�S�?B5[�XL
�
G��
WP\]R
U�WP8;CF\FW)OQO9G�\|6Qb�U�APO9OQG��µA E�S�?B5[�XL
U�EZAP8N8HG�OÍ=
�ò69�DG[698�CFEHG[U�APbFG�WP�MLa^7E�S�? C�EH6Qb�698qC�G�\]�hAPU�G76Qb�b]R~8HU�EH\]W)8HW):Nb�= �$WrI�G�`PG�\�J;C�WX�
6Q8H69�!69Ï�G|U�O9W~U��ËCFW��ZADC�A
bF�DG�I ^7E�^7E�S�?�:Hb]G�b�A!bFW):H\]U�G�b�R~8HU�EH\FWP8HW):HbXCF69�!698H�
�!Wa�NG�OÆ=�^7E�^7E�S�? bFG�8N�Hb�U�OQWaU��3AP8N�B�ZADC�A
698(�HAP\�APOQO9G�O�AP8H�(CFEHG�\]G
AP\FG�C�I�W,b]G��ZAD\�ADCFG!U�O9W~U��;b�U�APOQO9G��ÄY7OQWaU��;��W;?BAPb�C�G�\¸AD8H�³Y7O9W~U��a£Z\]W)�2?,APb]CFG�\�=
^�ADC�A�bFG�8N�µ¤qR
^7E�^7E�S�? C�W�C�EHG�U�W)8qC�\FWPO9O9G�\�69b�b�R~8HU�EH\FWP8HW):Hb�I�6QCFEµY7OQWaU��;��W;?BAPb�C�G�\�AD8H�
�HADC�A�bFG�8H�
�¹\FWP� C�EHG¸�
G��
W)\�R¥U�WP8;CF\FW)OQO9G�\�CFW2^7E�^7E�S�? 6Qb$b�R~8HU�EH\FWP8HW):HbXI�6zC�E�Y7O9W~U��a£Z\]W)�2?,APb]CFG�\�= DÊC�C�\FAP8Hb��
�¹G�\]b��ZADC�A
W)8²¤TWPC�E3G��H�PG�b�WP�4CFEHGKU�OQWaU��2�TG�\]�
6zCFCF698H��CF\�AP8Hb��¹G�\�\�AoC�G�b�WP� �)�)�)? �$ÏKW)\� )�)�)? �$ÏËAP8H�²6Qb
U�AD�ZAP¤HOQG�WP��A
bF:Hb�C�AP6Q8HG��(¤ZAD8H�NI�69�aC�E�WP� � =é�
�K5�¼Db�=$��ENG�U�W)\]G�W)�TG�\FADC�G�b�ADCXW)8HG�G�69�)EqCFE�WP��C�ENG��ZADC�A
�¹\FG�´;:HG�8HU±R)=µ^7E$^7E�S�?+EZAPbËA � �¥¤H6zCK�ZADC�A²¤H:Hb]G!AP8H�ÄbFG��HAP\�ADCFG
\]WrI AP8H�ÄU�WPO9:H�!8(U�W)8qCF\FW)O�¤H:NbFG�b�=
��EHG¸U�W)\]G�69b�W)\]�qAP8H6QÏ�G��,APb �q¢ ¤HAP8H�;b�AP8H�3�¹W):H\�C�\FAP8Hb�ADU�C�6QW)8Hb�U�AP8,C�AP�DG��HO9APU�GËbF6Q��:HOQC�AP8HG�W):HbFOzR)=[S$O9O
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W)�TG�\FADC�6QW)8Hb|AP\FG�698qCFG�\F8HAPO9OzR>�H69�TG�OQ698HG��j=���EHGX:H8N6QC�WP�j�ZAoC�AËCF\�AP8Nb]�¹G�\|69b�AK�H:ZAPO}��W~U�C|W)\ � �Ë¤qR;C�G�b�=|��APU�E
C�\FAP8Hb��¹G�\�C�AP�DG�b��¹W):H\�U�O9W~U��2U�R~U�OQG�b�Wr`)G�\�CFEHG � �>¤H6QC��ZAoC�A>¤H:Hb�=

� y�
òy � � ���	��
�+ ��� ��� � ����� ���"!

SX\]U�EH6QCFG�U±C�:H\FAPO9OzR)J'E�^7E�S�? 69bµOQ69�DG�A¿�!W)\FG,�H\F6Q�
6zC�6Q`PG3`PG�\]bF69WP8�WP�¸^7E$^7E�S�? �NG�bFU�\F6Q¤MG���698¾C�ENG
�H\]G�`~69W):Nb�b]G�U�CF69W)8
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U�AP8µAPU�EH6QG�`)G$W)8HOzR!AË�TG�AP�
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�H\FW~�H:HU�G�b�¼DU�W)8NbF:H�!G�b!6QCFb>W)�MG�\�AP8N�jJ|CFEHG�\]G�¤qR·\FG��H:HU�698H�ÇC�EHG¥�NG�OØA�R~b>C�EZAoC>C�EHG²�H\]WaU�G�bFb]W)\
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¤TG�8HU�EH�
AP\]� � �   � J|CFEH69b�b]69�!�HO9Gµ�MW)OQ69U±R³R~69G�O9�Hb�¤MG�b]C]�ÊU�APb]G²69�!�H\FWr`)G��
G�8qC�b>698·�!G��!W)\]R³OØAoC�G�8NU�RÁAD8H�
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U�ADU�EH698H�$O9WqAD�Ë6Q8Hb]CF\F:HU±C�6QW)8Hb�ÎòAP8N�¸C�ENG�8¸I�\]6QCF698H��C�ENG���C�WXA��N\FG±��APO9OQWaU�ADC�G��K�MW)\�C�6QW)8KWP�HU�APU�EHG � � ��� =4��EHG
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IiS�Â [ST G T_C�beLÁdO_ kem�C [STJK^]bÙ be_U_wÙ baC [S_ qsb ]QK Thm kQP�I G LNI _ Tca_C LÁk�I¾5SkA5S è�S�Â [ST q bnL�I q k G PSdOTr_ kemMb 6 � G TÂbed i LmC [+C [ TWackQq�ÙSP�C b�C LÁk�IS_ RUT#Ø PSLORUT G C k G k¹Ù bnR bedÁdOTcd�OQTra)C kQRbearacTc_U_#l _ a�[ T G PSdÁL�ISN # C)�'ñWo beacarTc_U_ Tc_|T(� acLÁT#I�C d ]�l b
I G _	C�beNeL�ISN G b�C b�S
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Next Address

. . .

Wired Logic Predict Lines

New Vector 

<Address,Stride,Operation>

Context_nContext_1Context_0
Ou

tb
us

_1
_s

el

Ou
tb

us
_1

_e
na

bl
e

In
uu

s_
1_

en
ab

le

SDRAM Bus

Data_Path_Lock

FirstHit Calculate

Inbus_0

Inbus_0_sel

Inbus_0_enable

Inbus_1

In
bu

s_
1

In
bu

s_
1_

se
l

Ou
tb

us
_0

_s
el

Ou
tb

us
_0

Ou
tb

us
_0

_e
na

bl
e

Inbus_1_enable

Ou
tb

us
_1

<Length ,TID, Cmd, Data>

Control
Stage

SDRAM Interface

Transaction_Complete

Data

Register File

Scheduler

Request
FIFO

Hit/NoHit

FirstHit
Predict

V
ec

to
r 

B
u

s

Inbus_1_sel

Modified Vector
Request

By
pa

ss

By
pa

ss

RequestStaging Unit
VectorAccess VectorVector

K LONQP R TJç X�6 b�I/R ack
IgC R kQdÁdOTrR L�I�C TrRµI bed kQR N^b�ISL�ãcb�C LÁk�I
®9�/¯��|Î�Î��5Î�Ò

�
Ò¥Ð-å¹�Ã±�åÓÒ4I Â [STUÙ beR bndOdOTrdOLNãcL�I N dOkQNeLOaZack�I _ LO_	C _Mkem/C [ T K LÁR _
C�Û|LmC Y\RUT G LÁa)C'j K�Û YÃógqsk G PSdÁT
l

C [ T5� TcNQLÁ_
C TrRÅK LÁdOTwj&� K�óYl�C [ST5� T#Ø PSTr_
C K�Õ K$Q j4�JAWK�óMb
I G C [ST K LORU_
C�Û|LNC � bedÁacPSdOb�C T�j K�Û �nó q k G PSdOTr_#S
Â [ST K�Û|Y qsk G PSdÁT¿i b�C a�[ Tc_7OQTra)C keRWR T#Ø PSTr_
C _¿k
I?C [ST 6 �FKSPS_#l G T)C TrR q L�ISLNISNsi [ T)C [ TcRWkQRwISk
CWb�I ]TcdÁTcq T#I�CÅknmÃbwOQTra)C keRÅR T)Ø P Tc_
C\i LÁdOd [SLmCÏC [SLO_ÏK b
I/R�S�Õ mÃb [ LNCÅLÁ_MLNI G LÁaÂb�C T G leb
I G C [ T _
C R L G T LÁ_Åb�ÙÃk i TrRÅkem
C i k LNC acbedOarPSd baC Tc_iC [ST b G/G RUTc_ _Mb
I G L�I G T_ù kem5C [ST�â RU_
C�OQTra)C keRMTrdOTcq T#I�C-C [Sb�C [SLNC _iC [SLÁ_ # C)�3ñho K b�I/R�S
Õ0C{C [ST#I _ULON�I bndO_�C [ST)�JAWK�C kpØ PSTcPST9C [SThRUT#Ø PSTc_	CÇl/C [STWaÂbedÁacPSdOb�C T G b G�G R Tr_ _#l b�I G C [ST��W���_���b£�� LNI G TYù!S
Õ m�C [ST _	C RUL G T¿LO_|b@ÙÃk i TrR kemÏC i k/l�C [ T R T)Ø PSTc_	C9Ø PSTcP T G K^]zC [ST?�JAWK [ bn_ b
I�� b G/G R Tc_U_ acbedOarPSd b�C LOk�Iackeq@ÙSdÁT)C T��tj�ñ � �nó 
 beN _UT)C'C k L�I G LOaÂbaC T�C [ b�C b G/G R Tc_U_|acbedOarPSd baC LOk
I [ be_'KÃTcT#I ackeq@ÙSdÁT)C T G S�Â [ST?� K_ P�K arkQq@ÙÃk�IST)I�CJÙSR kPO L G Tr_WL�I�C TrR q T G LOb�C T _
C keR beNQT m kQR�OQTra)C kQRWR T)Ø P Tc_
C _°I k
Ch]QT_C be_ _ULON�IST G C kQOQTra)C kQRack
IgC T_ùbC _)S9Õ0Chark�I�C�beLNIS_hbn_ qsb
I^]pT)I�C R LÁTc_ be_wC [STeI PSqLKÃTcR kem\kQP�C _
C b
I G LNISN@C R b
IS_ bea)C LOk�I _�ÙÃTcR q LNC
C T G
K^]@C [ST"6 �¡KSPS_#l TcLONe[gC L�IskQPSR LOq�ÙSdOTrqsT)IgC b�C LÁk�IiS-Â [ST)� T#Ø PSTr_
C KÏÕ KAQ j4�JAWK�óZq k G PSdOT LÁq@ÙSdÁTcq T#I�C _
C [ T _
C b�C T q bea�[ L�IST b
I G C beLOd�ÙÃkQL�I�C TcR RUT#Ø PSLÁR T G C khqsbeL�I�C beL�IJC [ST � TrNQLO_	C TrRÅK LÁdOT be_ L m LNC i TcR T b3Ø PSTcPST�S
� T#Ø PSTc_	C _ i RULNCµC T#I L�I�C koC [ST � TrNQLO_	C TcR K LÁdOT�i [SkQ_UTQñ � � 
 beNpi TcRUTQISk
C _ T_CLK^] C [ST K�Û Y R T)Ø PSLORUTm PSR	C [STrR�ÙSR k acTr_ _ LNISN/S�Â [ T K�Û � qsk G PSdÁT arkQq@Ù P�C Tr_WC [ST��W���_���b£�� b G/G RUTc_U_Zm keR�OQTra)C keR RUT#Ø PSTr_
C _Zi [SkQ_UT_
C R L G T LO_°ISk
C brÙ k i TcR�kemnC i k/S;Õ0C�qsbeL�I�C beL�IS_ b?ÙÃkQL�I�C TcR+j>¢Ã�
�����Ó�¥�
ó L�I�C ktC [ T � TrNQLO_	C TcR K LOdÁT b�I G_ acb
IS_'C [ST(ñ � � 
 bnNskemÏISTji dÁ]zØ PSTcP T G RUT#Ø PSTc_	C _)S K kQR R T)Ø P Tc_
C _|i [Ske_ Teñ � �&
 beN LO_nãcTrR k@K TraÂbePS_UT
C [ T¿_	C RUL G TWLÁ_nISk
C|bpÙ k i TcR kemÏC i k/l/C [ST¿K�Û � q PSdNC L�ÙSdÁLOTr_ÃC [ST7â R _	C [SLmC L�I G TYùzÙSRUT)O LOkQP _ dÁ] aÂbedÁacPSdOb�C T G
K^]rC [ T K�Û Y[K^]tC [ST _
C R L G T b
I G b G/G _¿LmC9C kQC [ST¹K be_UTsb G/G R Tr_ _7C k NQT)ISTcR b�C TLC [ST7�W���_���b£�� b G/G RUTc_ _)lb
I G i RULNC Tr_{C [STWq k G LNâ T G b G/G RUTc_U_3KSbea�R L�I�C kLC [ST R TrNQLO_	C TrRUâ dOThi LmC [QC [STJñ � �&
 beN�_UT)C#S # L�ISarT9C [SLÁ_aÂbndOacP d b�C LOk�I R T#Ø PSLÁR Tr_sb q PSdNC L�ÙSd ] b�I G b G/G lZLNC L�ISarPSR _ b?C i k M aj] acdOT G Trd bÂ]�S $ [ST#I¤C [ST _ a�[ST G PSdOTrRLO_JKSP _U]�l-C [ LO_ G TcdObÂ] LO_ ackeq@ÙSdÁT)C TcdÁ] [SL G�G T#Iil _ LNISacTpC [ST K�Û � q k G PSdOT i kQR
R _¿L�I�Ù bnR bedÁdOTcdMi LNC [�C [ T
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_ a�[ T G PSdÁTcR)S $ [ST#IrC [STeñ|acacTr_ _ # a�[ T G PSdÁTcR�j # �{Û�Þ�CJó _UTcTr_9C [STLñ � �FKSLmC _UT)Chm keRwC [ T T#I�C RU] baC�C [ T[STcb G knmÏC [ST��JAWK LmC'RgISk i _3C [ b�CnC [ TcR T¿LO_ bLOeTca)C kQR R T#Ø PSTr_
C|R Tcb G ] m kQR LÁ_ _UPST
S
� I I�� 8Y8 � I - � EHGÏÎ��g¯ Â [STzñ aracTc_U_ # a�[ T G PSdÁTcR?j # �{ÛwÞ�CJó bedÁk�ISN i LmC [ LNC _�_UP/KÃackQq�Ù k
IST#I�C _)lUC [ T
 |���#�2�
� �W�
�|�2��������j f�� _�ó b
I G ¨¿�_������ªbïð£���
 �{�
ïð£���� �-�|£��Qj # YWà9ó qsk G PSdÁTc_#lMLO_¿R Tr_µÙÃk�IS_ LNKSdOT m kQRcX+j L�óT_ù5Ù b�I G L�I NLC [ST|_ TcRULOTr_ kem b G/G R Tc_U_ Tr_ arkQR RUTc_
Ù k�I G L�ISN°C k�b°OeTca_C kQR RUT#Ø PSTc_	CÇl-j LOL óZkQR G TcRUL�ISN(C [ST _
C RUTÂbeqkem¿R Tcb G l i R LmC T
l3K b
I�R bea_C LNOnb�C T
l b
I G ÙSRUTca�[ bnR NQT k�ÙÃTcR b�C LÁk�IS_ _Uk¤C [ b�C q PSdNC L�ÙSdÁToOeTca_C kQR R T)Ø PSTc_	C _aÂb�I?KÃT LO_U_ PST G k�Ù�C LOqsbedOd ]�lij LOLÁL�ó qsb
R L�I NsRUk i bna)C LmOnb�C T���ÙSR Tra�[ beRUNQT G TcacLÁ_ LÁk�IS_#l b
I G j LmO/ó G RULNO L�ISN¹C [ T
# C)�'ñWo�S|Â [ T # �{Û�Þ�C q k G P dOT G TracL G Tc_ i [ST#IoC k¹ReTrT#Ù b RUk ilk�ÙÃT#IilSi [SLÁdOTWRUTckQR G TcRUL�ISN G TracLO_ULOk�I _beRUT¿qsb G TJK^]+C [ T # YÃà _|ark�I�C�beLNIST G i LNC [SL�I+C [ST # �{Û�Þ�CLä _ fZTca_C kQR�� k�I�C T_ùbC _Lj i T LÁq@ÙSdÁTcq T#I�C m kQP Rf�� _ L�I+C [ST arPSR RUT#I�C G Tc_ULON�I�óYS

ÞZbea�[ fZTca_C kQR � k�I�C TYù5C;j f��nó aÂb
I [ kQd G b OeTca)C kQR RUT#Ø PSTr_
C i [Ske_ T bnacacTr_ _UTc_ beRUTpRUTÂb G ]ÈC k�KÃTLO_U_ PST G C koC [ST # C)�'ñWo�S-Õ0C G T)C TcR q L�I Tc_°C [ST _UTcRULOTc_¿kem b G/G R Tr_ _UTc_�R T)Ø PSLORUT G C kpm T)C a�[ btÙSbeR
C LOacP d beR
OQTra)C kQR{O L b b _UTcR LÁTc_ knmM_U[SLÁm�C _ b
I G b G/G _#lSbe_ G Tr_ acRUL�KÃT G LNI a�[ b
Ù�C TcR V/l b
I G LÁ_ _ P Tc_{C [ TWR TÂb G _#l i RULNC Tc_#lb
I G ÙSR Tra�[ beRUNQT k�ÙÃTcR b�C LÁk�IS_ L�I ack k�ÙÃTcR b�C LÁk�I i LNC [ k
C [ TcR f�� _#SÁÂ [ST f�� _ _ [ bnR Tpb G b�C b
Ù b�C [ÆC k
C [ T9ñ aracTc_U_ # a�[ST G P dOTcR{C [ b�C LÁ_ PS_UT G C k�_UT#I G LmCUC [ TW[SLONQ[ Tc_
C{ÙSR LÁkQR LmC ]@ÙÃT#I G L�ISN # C)�3ñho k�ÙÃTcR baC LOk
IR T)Ø PSLORUT G K^]pb
I^] kem�C [ST f�� _)S9Â [ST f�� _ bnRµKSLmC R baC T m kQR3C [SLO_ G b�C b
Ù b�C [ _ PSa�[rC [ b�Chb�Chq kQ_
C|k�IST kem
C [ Tcq aÂb
I bearacTr_ _WLNC L�I b
I^] aj]`ardOT�l i [STcRUTLC [ST kQd G Tr_
C�Ù T)I G L�I N k�ÙÃTcR baC LOk
IS_ [ bÇOeT�[SLONQ[ Tc_
C�ÙSR LÁkQR LmC ]�SfZTca_C kQR|k�ÙÃTcR baC LOk
IS_ beR T¿L�I�
UTra)C T G LNIgC k f�� ��S $ [ T#IST_OQTcR b¹OQTra)C keR k�ÙÃTcR b�C LÁk�IparkQq�ÙSdOT_C Tc_)l baC q kQ_
Ck�IST3ÙÃTcR aj] acdOT�l b�I ] k
C [STcR�Ù T)I G LNISN k�ÙÃTcR b�C LÁk�IS_ �U_U[SLÁm�C R LÁNQ[�C �¿L�I�C k(C [STwIST_ùbC [SLONQ[ TcRWI PSqLKÃTcR T G m R TrTf�� j L m b�I ]�óYS�ÂMk NQLNOeT3C [ST kQd G Tc_	CÃÙ T)I G L�I N k�ÙÃTcR b�C LÁk�IS_Z[SLONe[STcRWÙSRULOkQRULNC ]�l^i T G bnLO_U] M a�[ beL�I¹C [ T bearacTr_ __ a�[ T G PSdÁTcR R T)Ø P Tc_
C _ m RUkQq f�� ø[C k�f�� � _ PSa�[zC [ baC b�dÁk i TcRnI PSqeK TrR T G f�� acb
ItÙ d bearT b RUT#Ø PSTr_
Ck�I+C [ T¿_U[ beRUT G ñ � G b�C b
Ù b�C [pL m b�I G k
ISdÁ] LÁm�ISk [SLONQ[ TcRnI PSqLKÃTcRUT G f�� i LO_U[STc_nC k G k _ k�S

Â [ST f�� _pb�C
C Tcq�Ù�CzC k q L�ISLÁqsLNãcT?Ù R Tca�[SbeR NQT kPOQTrR [STcb G K^] NQLNO LNISN beacarTc_ _UTc_?C [ b�C [SLmC L�I b
Ik�ÙÃT#I LNI�C TcR
I bedÃK b
I/R ÙSRULOkQRULNC ] kPOQTrR R T)Ø P Tc_
C _pC [ b�CeISTcT G C k bnacacTr_ _ b G LNÖ TcR T)I�C L�I�C TcRµISbed�KSb
I/R k�I
C [ T _ bnqsT # C)�3ñho q k G P dOT
lhbe_pm kQdÁdOk i _#S Q9ISTÁ������� �b£�� �Ó�
����£��#�¥l@������� î��
�
� �b£�� �Ó�
����£��#��l b�I G
������� �#ïm�a�#� �Ó�
����£��#�sdÁL�ISToÙÃTcR LNI�C TcR
I bed3K b
I/R beRUT PS_UT G C k ack kQR G LNI b�C ToC [SLO_sk�Ù TrR b�C LOk�I!S[Â [STrñ #
KSRUk^b G acbe_
C _9C [ST�b G/G R Tr_ _Wkem�C [ST arPSR RUT#I�C R k i kemZTÂbea�[ k�ÙÃT#I LNI�C TcR
I bed�K b
I/RzC kQC [ST f�� _)S�$ [ST)I bf�� G T_C TrR q L�ISTr_JC [ b�C¿LNC [Sbe_ bzÙÃT#I G LNISN R T)Ø P Tc_
C°C [ baC¿i kQPSd G [ LNC¿L�I b
I k�ÙÃT#I R k iJlMLmC G R LmOQTc_JC [ T_ [SbeR T G dOLNIST arkQR RUTc_µÙÃk�I G L�ISNJC k7C [ T LNI�C TcR
I bed|K b�I/R kemÓC [ST k�ÙÃT#I R k ixC kJC TcdÁd�C [ T3ñ # I k
C�C k¿acdÁkQ_ TnC [ TR k i�� LNI k
C [STcR i keR G _)l i T LOq�ÙSdOTrqsT)IgC b i LOR T G���� k�ÙÃTcR b�C LÁk�IiS # LOq LOd bnR dÁ]¿f�� _UC [ b�C [SbPOeTWbeÙÃT#I G ML�I N�R T#Ø PSTr_
C3C [ baC qsLÁ_ _ Tr_ L�IQC [STWL�I�C TrRµI bndiK b
I/R PS_ T7C [ T�������� �#ïm�a�#� �Ó�
����£��#� dOL�I TwC kpC TcdOd¿C [ST7ñ # C kacdÁkQ_ TnC [ST|RUk iJS # a�[ST G PSdOLNISN YMkQdÁLOar]pàwISLmC _wj # YWà _�óÅi LNC [ L�I TÂbea�[skem!C [ST f�� _ G TracL G T3C kQNQT_C [STrRZi [ LOa�[f�� acb
I LO_ _UPST b
I k�ÙÃTcR baC LOk
I G PSR LNISN9C [ST arPSR RUT#I�C aj] acdOT�S�Â [SLÁ_ G TcacLÁ_ LÁk�I LO_�K be_UT G k�I¹C [STrLOR\ackedOdOTra)C LNOQT_
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�
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R L�I N _ LÁN�ISLmâ aÂb
I�CWa�[Sb
ISNQTr_JC kQC [ST R Tc_	Ckem�C [ST�6 ��S

Â [ST NQk^bed kem kQPSR _ a�[ T G PSdÁL�ISNsbedÁNQkQR LmC [Sq LÁ_UC k LOq�ÙSRUk�OeT7Ù TrRUm kQRUq b�ISacT9K^] qsbaù`LOq L�ãrL�ISN R k i [SLNC _b
I G [SL G LNISN d b�C T#ISarLOTc_3K^] k
Ù TrR b�C L�ISN k
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I bed-K b
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IS_#l be_WdÁk�ISN be_7C [STr] G koI k
C ack�I

 LOa_CWi LNC [;C [ST k�Ù T)IR k i _°K TrL�ISN PS_ T G K^] _UkQq Tsk
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I LO_U_ PST b RUTÂb G kQR|i R LNC T G P TLC k b ack
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i beLNCZm kQRZbJK b
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