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G��
W)\�R¥U�WP8;CF\FW)OQO9G�\$U�AP8
¤TG[G±¶~C�G�8H�HG��
C�WX:H8H�HG�\Fb]C�AP8H�
AP�H�HOQ69U�ADC�6QW)8¸`PG�U�CFW)\Fb�CFEZADC�EHAr`PG��ZADCFCFG�\]8Hb�WPC�ENG�\ CFEZAP8:H8H6zC�b]CF\F6Q�HG7C�ENG�8
AP�H�NO969U�ADC�6QW)8Hb|I�6QC�E3bF:NU�EB�ZADC]C�G�\F8Hb�U�AD8,¤TG�8HG±ÒHC��¹\FW)�½¤MG±CFC�G�\�U�APU�EHGËAP8N�,b�Rab�C�G�� ¤N:Hb�:NC�6QO969Ï�ADC�6QW)8j=

LaW)�!G�WP� CFEHGKU�W)�!�!W)8¥�ZADC]C�G�\]8Hb��¹W)\�AP�H�NO969U�ADC�6QW)8µ`PG�U�CFW)\Fb$AP\]G��

��� W)8a��:N8H6QC�Jo¤N:NC�U�W)8Hb]C�AP8qC b�C�\]69�HG�I�EH69U�E¸WaU�U�:H\]b4I�EHG�8>AP8¸AP�H�HOQ69U�ADC�6QW)8KAPU�U�G�b]bFG�b�AD\F\�A�RKG�O9G��!G�8qCFb
APOQW)8H�>C�ENG¸U�W)O9:H�!8²WP��AD8�AP\]\�A�R)JTAPU�U�G�b]bFG�b��ZAP\�C�69U�:HOØAD\[ÒZG�OQ�Hb$WD��AP8,AP\F\FA�R²WP��\]G�U�WP\F�Hb�G�CFUP=HG³G
I�6QO9O®\]G��¹G�\�CFW>C�EH6Qb��ZADCFCFG�\]8BAPb��	��
����
���������3APU�U�G�bFb�=

� ��EHG�G�O9G��
G�8;CFb�WP�@C�EHG�AD�H�HO96QU�ADCF69W)8Ë`)G�U�C�WP\�AD\FG�APU�U�G�b]bFG��µ698N�H69\]G�U�CFOQRË:Hb]698H��W
CMbFG±C�b�W)\�AD�H�H\FG�bFb]G�b
U�W)8qC�AP6Q8HG��>6Q8>AP8HWPCFEHG�\4`)G�U±C�W)\�=���EHG[O9ADCFCFG�\ U�APbFG�6Qb�U�WP�
�!W)8�6Q8�bF�HAP\Fb]G��µADCF\F6}¶�U�W)�!�H:NC�AoC�69WP8Hb�=
G³G�I�69O9OM\FG±�¹G�\�C�W>C�EN69b��ZADC]C�G�\F8,APb����	���������������������	���ÇAPU�U�G�bFb�=

� ��EHG,AP�H�NO969U�ADC�6QW)8¿`)G�U�CFW)\!�¹WP\
£@APb�C
£@WP:H\F6QG�\>��\�AP8Hb��¹W)\F�+APO9�)WP\F6QCFEH�!b�U�W)\]\FG�bF�TW)8H�HbC�W³AÄ¤N6QC]�
\]G�`)G�\FbFAPO_WP�4CFEHGËAP�H�H\]G�b]b$WP�4U�WP8HbFG�U�:NCF6Q`)G¸G�OQG��!G�8qC�b�6Q8,AD8BAP\]\�A�RµCFEZADC�U�WP8;C�AP698Nb[C�EHGK�ZADC�AN=
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��EH6Qb C�EHG�bF6Qb�698qC�\]Wa�H:NU�G�b�A��!G��!W)\�R¸U�W)8qC�\]W)O9OQG�\�AD\FU�EH6zC�G�U±C�:H\]G[C�EZAoC�:H8H�HG�\Fb�C�AP8H�Nb7AP�N�HO96QU�ADCF69W)8K`)G�U�C�WP\Fb
C�EHADC_�¹W)O9OQWsIÅA�¤ZAPbFGÉ��b�C�\F6Q�HG|�ZADCFCFG�\]8¸6Q8�AP�N�H6QCF69W)8�C�W�C�ENG�CF\�AP�N6QC�6QW)8ZAPOP:H8H6QC_b�C�\]69�HG|�ZADC]C�G�\]8j= DÊC �H6QbFU�:HbFb]G�b
AP\]U�EH6QCFG�U�CF:H\�ADO �¹G�ADCF:H\FG�b�C�EZADC�G�8ZAP¤NO9G�C�ENG>�
G��
W)\�RBU�W)8qC�\]W)O9OQG�\$CFW²G�»!U�6QG�8qC�OzR�O9W)AP�ÇAP8H�(b�C�W)\]G!¤HAPbFGÉ�
b]CF\F6Q�HG�`)G�U�C�WP\FbË¤;RÇWP�MG�\�ADCF698H�¥��:NOQC�6Q�HO9G¸�
G��
WP\]R,¤ZAP8H�;bK698Ç�ZAP\FAPO9OQG�OÍ= D�8ÄU�OQW)bF6Q8H�HJj6zCËAPO9b]W¥�H\FWr`~69�HG�b
bFWP�
G�b]:H�)�)G�b]C�6QW)8Hb�W)83EHWrI�WPCFEHG�\�U�W)�
�!W)8²AP�N�HO96QU�ADCF69W)8µ`PG�U±C�W)\]b$U�AP8,¤TGKEZAP8H�NO9G��®=

��EHG!�HW)�
AP698�WD�[AP�N�HO96QU�AP¤H6QO96zC�R²G±¶~C�G�8H�HbK�¹\FW)�#CFEHG�C�\FAP�H6zC�69WP8ZAPO b]U�6QG�8qC�6zÒZU�`)G�U�C�WP\¸�H\]WaU�G�b]bF698N�²CFW
C�ENG�\FG�APO9�ÈWD���HG�b]�qC�W)�(U�W)�
�N:NC�6Q8H�H=�LaG±`)G�\FAPO 8NG�I 698Nb]C�\]:HU�CF69W)8,bFG±C�G±¶~CFG�8Hb]69W)8Hb>ÌhGP= �H=zJ D�8qCFG�O � b�?B?��
�¹W)\�C�EHG¯�G�8qC�6Q:H��� �r��� JjS�?B^ � b � ^ � WrI����¹W)\XCFEHG><K�o� ¢ � �	� Jò? D�¯|L � b¸?B^K?
��� ¢ ¡ � J_La:H8 � b�°9D�L,�¹WP\
C�ENG��$OQCF\�AqLa¯MS9E[Y�� ���� J;AP8H�!?3WPC�W)\]W)OØA � b�S$OQCF6Q°�G�U|�¹W)\ CFEHG�¯4WrI�G�\�¯|Y�� ¢���� Î ¤H\]698H�Xb]C�\]G�AP�ºAP8H�>`)G�U�CFW)\
�H\]WaU�G�bFb]698H�!C�W>C�ENG¸�HWP�µAP6Q8²WP� �NG�bF�qCFW)��U�WP�
�H:aC�698N�H=���EHG¸\]G�b]:HOQCFb��¹W)\�b]W)�
GËAP�N�HO96QU�ADCF69W)8Hb�C�EZADC�:Hb]G
C�ENG�bFG²`)G�U�CFW)\
GÉ¶~C�G�8NbF69WP8Hb!AP\FG²´;:H6QCFG²�H\FW)�!69b]698H��� � �aJ � ¡ � J�G±`)G�8ÃC�ENW):H�)E·C�EHG²GÉ¶aCFG�8Hb]69W)8Nb
�HWÇOQ6QCFCFO9G
C�WBAP�H�H\]G�b]b��
G��
WP\]R(b�Rab�C�G��'�TG�\��¹W)\F�
AP8HU�GP=²SXOQO�C�EHG�bFG2GÉ¶aCFG�8Hb]69W)8Nb�I�69OQO�¤MG�8HG�ÒHC¸�¹\FW)� A3�
G��
WP\]R
U�WP8;CF\FW)OQO9G�\7C�EZAoC$:N8H�HG�\]b]C�AP8H�Hb$AP�H�HOQ69U�ADC�6QW)8µ`)G�U�CFW)\Fb�=

��EHG¥AP\]U�EH6QCFG�U±C�:H\FAPO��¹G�ADCF:H\FG�b�AP8H�¿APO9�)WP\F6QCFEH�!b�:HbFG��Å�¹W)\KC�EH6Qb¸�H:N\F�TW)bFG!I�69O9O�¤TGµU�W)O9OQG�U±C�6Q`PG�OzR(\FGÉ�
�¹G�\]\FG��ÄCFWBAPb�� ��������� ����� �	��������� �����	
 
!W)\�� �!�²=ò��ENG
W)\]�qAP8H6QÏ�ADCF69W)8BWP�7CFEHG�µAP6Q8(�
G��
WP\]R
b]R~b�C�G��½APbFb]:H�!G��26Q8µC�EHG$\FG�b]C[WD�òC�EH6Qb|CFEHG�b]69b[6Qb�b]EHWrI�8¥698µÒZ�P:H\FG � =���EHG��HADC�A��HADC�EHb7AP\FG$8HWPC7bFEHWrI�8
698ÁCFEHG3ÒH�):H\FGD=Ã��EN69b>C�EHG�bF6QbµAPb]bF:H�!G�bC�EHADCC�EHG²�H\]WaU�G�bFb]W)\!EZAPb!bFW)�!G²�
G�AP8HbWP�$U�W)�!��:H8H6QU�ADCF698H�
698a�¹W)\F�
ADC�6QW)8ÇAP¤TW):NC¸AP�H�NO969U�ADC�6QW)8(`)G�U�C�WP\Fb¸CFW,CFEHG
�!G��!W)\�RÇU�W)8qC�\]W)O9OQG�\�=¥LaW)�!G!698H�H6QU�ADCF69W)8Nb�WP�[EHWrI
C�EN69b�U�AD8³¤TG!APU�EH69G±`)G��¿U�AP8Ä¤TG�¹WP:H8H�Ç698ÇbFG�U�CF69W)8 � = ¢ =��EHG
\]G�b�C¸WD�7C�EN69b�C�ENG�bF6QbËAPbFb]:H�
G�bËCFEZADCKC�ENG
¯�° S :N8H6QC7\FG�U�G�6z`)G�b�`PG�U�CFW)\�\FG�´;:HG�b�C�b��¹\FW)��C�EHG$°�G�U�CFW)\�Y7W)�!�µAD8H�¥�$8N6QC�AD8H�¥\FG±C�:H\]8Hb�\FG�b]:HOQCFb7C�W>6zC�=
��EHG¸U�W)�!��:H8H6QU�ADCF69W)8²¤TG�C�I�G�G�8�C�EHGK°�G�U±C�W)\�Y7W)�
�
AP8H�3��8H6QCXAP8H�3C�EHGË�H\FW~U�G�bFb]W)\XWr`)G�\XC�ENG¸b�Rab�C�G��
¤H:Hb�AP\]GK8HWPC�\FG�O9G±`PAD8;C�CFWCFEHGK69�HG�APb��H69b]U�:Hb]bFG��BEHG�\FGP=

�4WB�H:NC�CFEHGµO9ADC�G�\¸�N69bFU�:HbFb]69W)8³WP��C�ENG2¯�° S 698ÄC�EHGµAP�H�H\]W)�H\F69ADC�G!U�WP8;CFG±¶~C�J U�EZAP�NCFG�\ ¢ �H\FWr`~69�HG�b
AÇ¤H\F6QG��$¤ZAPU��;�)\FWP:H8H�ÂWD�XU�:H\F\]G�8qCµ�!G��!W)\�RÅC�G�U�EH8HW)OQW)�)6QG�b�=ÃY7EZAD�NC�G�\ � �H69b]U�:Hb]bFG�b
\]G�OØAoC�G��·I�W)\F�Á6Q8
C�EN69b$AP\FG�AN=�Y7EZAP�aC�G�\$¡µ6Q8;CF\FW~�H:HU�G�b�C�EHG�¯�°4S�ADO9�)W)\]6QCFEH�
b��¹W)\��ZAP\�ADO9O9G�Oò¤ZAPb]G±��b�C�\]69�HG¸APU�U�G�b]b�AP8H�,bFG�CFb
C�ENG3¤HAPU��;�)\FW):N8H�Ã�¹W)\>U�EHAP�NC�G�\  CFEZADC!�HG�bFU�\]69¤TG�b>C�ENG36Q�
�NO9G��!G�8qC�ADC�6QW)8ÁAP\]U�EH6QCFG�U�CF:H\FGD=ÃY7EZAP�NCFG�\!�
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£469�):H\]G � �|?,G��
W)\�R3L~R~b]CFG�� � \F�)AP8H69Ï�ADC�6QW)8

�HG�bFU�\]69¤TG�bKC�EHGGÉ¶N�TG�\]69�!G�8qC�bKC�EHADCKI7G�\FG!�HW)8HG
AP8H�³AP8ZAPOzR~Ï�G�b�CFEHG�6Q\�\FG�b]:HOQCFb�=2Y7EZAP�NCFG�\Ë 3U�W)8HU�O9:H�HG�b
C�ENGË\]G�b]:HOQCFb�WD�4CFEH69b[I�W)\F�²AD8H�²�H\FG�bFG�8qCFbXbFWP�
GK�H6Q\FG�U±C�6QW)8Hb[�¹W)\[�¹:NCF:H\FGK\]G�bFG�AP\FU�E®=

� . ��0 �!��1 � �����(	��!����>1 � �����2�!���
�(	(�

��EHGK�!G��!W)\]R
C�G�U�EN8HW)O9WP�PR2:Hb]G��3�¹W)\�EH69�PE¥�MG�\]�¹W)\]�µAP8NU�G�`)G�U�CFW)\$�N\FW~U�G�b]bFW)\]b$EHAPb[C�\FAP�H6QCF69W)8HAPO9OzR¤MG�G�8
L�E�S�? I�EH69OQG�^7E�S�? EZAPb�¤TG�G�83�!W)\FG�U�W)�!�
W)8¥WP8,ADO9�!W)b]C�ADO9O®WDC�EHG�\��µAPU�698HG�b�=�S �
A�J]W)\[�TW)\�C�69WP8
ÌhWD� C�G�8·�!W)\FG
C�EZAP8·EZADOQ��Î¸WP��C�EHG¥U�W)b]C!WP�$A�`)G�U�CFW)\bF:H�TG�\>U�W)�
�N:NC�G�\>U�W)8Hb]69b�C�bWP��C�EHG²U�W)b]CWP��C�ENG
�!G��!W)\]R b]R~b�C�G�� � ���� � � � � = ��EHGB\FG�ADbFW)8¾�¹W)\!C�EH6Qbµ�H\]G��¹G�\FG�8NU�GÇWP�Ë^7E�S�? Wr`)G�\3L�E�S�? ¤TG�U�W)�
G�b
W)¤q`~69W):Nb�I�EHG�8µI7GXU�W)8Hb]69�HG�\|CFEZADC|C�EHG$OØAP\]�)G�b�C[^7E�S�? U�EH69�2Ar`DAP6QOØAP¤NO9G7�¹\]W)� A¸�
A�J]W)\��µAD8~:a�hAPU�CF:H\FG�\
698 � �P�)��I[APb ¢� �¸?,¤H6zC�b�I�EH6QO9G[C�ENG�O9AP\F�PG�b]C7L�E�S�?È�ZAP\�C�Ar`DAP6QOØAP¤NO9G��¹\]W)�ºCFEHG$bFAP�!G��µAP8;:N�hADU�C�:N\FG�\�6Qb
¡?,¤N6QC�b � ¢ �� � ¢ � � =�D�8²AP�N�H6QCF69W)8C�EHGX¡?,¤H6zC�L�E�S�?#U�EN69�26Qb7�H\]69U�G��2��:HU�E¥EN69�)EHG�\�CFEZAP8¥AP8¥LN^7E�S�?
U�EH6Q�ÄI�6zC�E³�P¡¥C�69�!G�b�CFEHG!U�AP�ZADU�6QC�RP=
��ENG
¡,?,¤H6zC�L�E�S�? �ZAD\]CKEZAPb¸A¥U�R~U�OQG!CF69�!G>WP� � �P8Hb
Ìh�
Ao¶HÎ±=
��EHG ¢� �2?3¤H6QC�LN^7E�S�?��HAP\]C�C�W~W
6Qb$U�AP�ZAP¤NO9GËWP��W)�TG�\FADC�6Q8H�µAoC � �P�µ?,ENÏPJ®6Í=ÑGD=[I�6QCFE�A
U�O9W~U��¥U�R~U�OQG
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C�6Q�
G>WD� � �P8Nb�= G EZAoC�b]G�C�bËC�EHGµL�E�S�?,bË�TG�\]�¹WP\F�
AP8HU�G!AP�HAP\]CË�¹\FW)�&C�EZADCËWP��C�EHGµLN^7E�S�? 69b�C�EZAoC
I�EH6QO9G�CFEHG!L�E�S�? APOQI7A�Rab�EHAPbKA2ÒN¶aG��ÄOØADCFG�8HU±R�WP� � �P8Nb�JjC�ENGµLa^7E�S�?/�
6Q�)EqC�C�AP�DG>bFG±`)G�\FAPO�U�OQWaU��
U�R~U�O9G�b�CFWAPU�U�G�bFb��ZADC�AN=���EHG�W)\FG±C�69U�APO9OzR)J~6QC�6Qb[�TW)bFb]69¤HOQGXC�W!AP�H�NOQR
W)8HGKAP�H�N\FG�b]b�C�W!AP83LN^7E�S�? G�`PG�\�R
U�R~U�O9G�b]698HU�G¸6zCX6Q8qC�G�\]8ZAPOQOQR2�N69�TG�O96Q8HG�b�APU�U�G�bFbFG�b�= DÊ��C�EH6Qb�I�G�\]G��H\FAPU�CF69U�APO9OzR¥�MWPbFbF6Q¤HO9GDJZC�EHG�8BC�EHG ¢� �µ?
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AP8HU�G>U�O9WPbFG�C�W¥CFEZADCËWP�|C�EHG>¡B?,¤H6zC¸L�E�S�?
�ZAP\�C�ADC�AË�¹\�ADU�C�6QW)8WP�®CFEHG�U�W)b�C�=���EHG$U�:H\]\FG�8;C|C�\]G�8H�Nb7698!^7E�S�?ÈC�G�U�EN8HW)O9WP�PR>U�AD82APOQOH¤MG�U�WP8HbF6Q�HG�\]G��
APb�698qC�G�\]�hAPU�GX�!Wa�H6zÒZU�AoC�69WP8Hb�C�EZADC[AP\FG$�)G�AD\FG��2CFWrI7W)\]�Hb[GÉ¶N�NO9W)6zC�698N�ËCFEH69b�AP¤H6QO96QC�R�C�W��H6Q�MG�O96Q8HG�APU�U�G�bFb]G�b
C�W2CFEHG��
Ao¶a69��:N�,=�E�S�?B5[��LTJ_LN�_^7E�S�?+AP8H��CFEHG�SXOQ�HEZA ¢a�P� � ¡µ�!G��!W)\�RBU�W)8qC�\FWPO9O9G�\$�N69bFU�:HbFb]G��
OØAoC�G�\�6Q8(C�EH6Qb�U�EZAP�NCFG�\¸AP\FG!APOQO�G±¶NAP�!�HO9G�bKWP��CFEH69b�CF\FG�8H�j=!SXO9O4C�EHG�bFG!�
G��
W)\�R�b�Rab�C�G��
bËC�\]RBC�W²EH69�NG
E�S�L2AP8H�¥�N\FG±�ÊU�EZAP\]�)G�OØAoC�G�8NU�69G�b7WP��^7E�S�? ADb[��:HU�E²APb7�MW)b]bF6Q¤HO9G$¤;RµG±¶a�HOQW)6QCF698H�Ë\FWrI¨EH6QCFb7I�6QCFEH698µA
b]CF\FG�AP� WP��APU�U�G�b]bFG�b�=���Wµ:H8N�HG�\]b]C�AD8H�(EHWrI C�EHG�bFG¸8HG�I �!G��!W)\]R2CFG�U�EH8NW)O9W)�P69G�b�I�W)\F�²O9G±CX:NbXO9W~W)�¥AoC
EHWrI L5E�S�?�AP8N�B^7E�S�? AP\]GËWP\F�qAP8N69Ï�G��j=
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APOaOØA�R)W):aC|CFEHG�U�G�O9O9b�AD\FG�WP� C�G�8
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C�R~�H6QU�APO�L�E�S�?
U�EH6Q�j=B��EHG²AD�H�H\FG�bFb�¤N6QC�b�
�����
���J�U�WP8HbF6Qb]C>WP��CFEHGµ\]WrI½AD�H�H\FG�bFb²Ì¹¤H6QCFb�
������
��Î¸AD8H�ÅC�ENG2U�W)OQ:H�!8
AP�H�N\FG�b]b�Ì¹¤H6QCFb�
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� ÎÉ=·��EHG,\]WrI �HG�U�W~�HG�\:Hb]G�bC�EHG²\FWrI AD�H�H\FG�bFbC�WÇbFG�O9G�U�C
AP8 G�8qC�6Q\FG²\FWrI
I�6QCFEH6982CFEHGK�
G��
WP\]RµAP\F\FArR2AP8H�²�TW)\]CF69W)8¥WP�_CFEH69b�\]WsI�69b[b]G�OQG�U�CFG��3¤qR2C�EHGKU�W)O9:H�!8²AP�H�N\FG�b]b��HG�U�Wa�HG�\
: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�WA�b]698H�)OQG$CF\�AP8Hb]69b�C�W)\[U�G�OQOMI�EH6QU�E¥69b[6Q�
�HOQG��!G�8qC�G��¥APb�A�b]69�!�HO9G
U�AD�ZAPU�6zC�6z`)GU�EZAP\]�)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�� APbA(�
ADC�\]6z¶M=¿57:aC:H8HO96Q�PG3L�E�S�? C�ENG,AD�H�H\FG�bFb¤H6zC�bAP\]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�AÒH8ZAPOj�H\]G±�ÊU�EZAP\F�PG¸W)�TG�\FADC�6QW)82C�WU�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�Hb69b]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�bA
��: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�DGX698C�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�bA,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\]RU�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�\]GAP\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�AW)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
G±¶aU�G��NC[CFEZADC�DÊC7W)�TG�\FADC�G�b|CFEHG�U�EZAP8H8HG�OjADC � �P�q? �$Ï$AP8H�
U�AP8µAPU�EH6QG�`)G$W)8HOzR!AË�TG�AP�
�ZADC�A>\�ADCFGËWD���)�P�q?B5�¼Db�:NbF698N�µA>¤qR;C�GKI�69�HG���:NOQC�6Q�HO9GÉ¶aG��²AP�H�N\FG�b]b�¼D�HADC�A!¤H:Hb�=
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C�\FAP8HbFAPU�CF69W)8Hb�J7�TG�\]�
6zC�b>¤TWPC�EÃW)�MG�8a���HAP�)G3AP8H� U�OQW)bFG��a���ZAD�)G,�TW)OQ69U�6QG�b>AD8H�¾AP:aC�W)�
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AP¤TW):NC��¹:NCF:H\FG$APU�U�G�b]b��HADCFCFG�\F8Nb�ÌhAP8H�
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LaU�ENG��H:HOQGËC�APbF�
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APO�bFW)OQ:NC�6QW)8HbX�¹WP\�W)�NC�6Q�
6QÏ�ADCF69W)83�H\]W)¤HO9G��
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�HOQG±¶�bFG�CFb
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bF:N¤HbFG±CXWP� AbFG�C�WP�4U�WP8Hb]CF\�AP6Q8;CFb�JHCFWÒH8H�BAD8,W)�aC�69�
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����� ���������Ç69b�A¥U�WP�
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`)G�U�CFW)\�= ��EH6QbµU�EZAP�aC�G�\¥GÉ¶a�HOØAP6Q8Hb2ADO9�)W)\]6QCFEH�
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I�G¸8HG�G��²C�WbFWPOQ`)G�� �	� � � � � � !#��� ��� � ��� �	� � �
��W
b]W)OQ`PG ��� ��� � � � � � !#��� ��� � ��� �	� � � I�G¸8NG�G��²C�WÒZ8H� �� b]C
��� �	� � � � � � � ��� ��� � ��� ��� � �
6Æ= GP= � ��� ����� �� ��� � � � � �  � ��� ��� � �
�]Ú~á¿ï�ÜÞÝhúoå��ÑÜ���ßBãÆÛsÜéÝ¥ÝÍÜÑãÍúoåÉãÍÜéá±ç ��ð�á±çDÝhÜÞèrß�âµã¹ä®á³Üéû[æsú��ÞÝhß�ãÆâÆå±ÜÑçDÝ���á�çsß(Ý¹ãÊåÉâÍãÍÜéçsõÁå�ã���������� �����! äòÜ ãÆÛ

æPß�âÆÜÑárè"��#%$ &'�)(*�% ,+ �aåÉçoèËãÍÛsß�á±ãÍÛsß]â�Ý¹ãÊåÉâÍãÍÜéçsõ�å�ã�ãÍÜéû[ß-� ýXäòÜ ãÆÛ¸æPß�âÆÜéá�è.� �0/ �;ÚjÛsß�Üéçsß21�úDå��éÜ ã¹ë�ÜÞÝ�Ýhá �Ñï�ß]è�å�ã�ãÍÛoß
æ �!354KæDß]âÍÜéárè�áÉíZãÆÛsß'6oâÆÝhã�äjå�ï±ß�ÜÑíZãÍÛoß�ßFèrõ±ßFÝ_áÉí@êPáÉãÆÛ�ãÍÛoß�äjå�ï±ßFÝ_åÉâÆß|å�èsÜéÝhãÆå±çoð�ß��éß]ÝÆÝ�ãÍÛoå±ç � å±æoåÉâÍã��4ÚjÛsß�å±çoå��éá±õ�ë
Ûsß��ÑæoÝTãÍá�Ü�� �éúoÝ¹ãÆâÆåÉãÍß�ãÍÛoåÉã®äòÛsÜ �éß�ÜÑã®ÜÞÝTßFå±ÝÍë|ãÆá�ÝÍá��éï±ß ÝhúoðÊÛ�Üéçsß21�úDå��éÜ ãÆÜÑßFÝTÜéç$å�ð�á±ç�ãÆÜÑç�úsá�úoÝTèrá�û�åÉÜéç ��ÜÑãjÜéÝMÛoåÉâÊèrß]â@ãÍá7Ýhá �Ñï�ß
ãÍÛoß�û Üéç�å[èrÜéÝÆð�âÆß�ãÆß�èrá±û�åÉÜéç �@Ü � ß��HãÆÛsß�Üéç�ãÆß�õ�âÆå��PæPß�âÆÜéá�èXá±í~ãÍÛoß�ä®å�ï�ß�í}á±âÆû�ÝTäòÛoß�çXãÍÛsß]ÜÑâ�ß]èrõ�ß]ÝòåÉâÆß�ð��éá�ÝÍß�âjãÍÛDåÉç � �
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6Æ= GP= ����� Ì �� � � Î���� � � � � �  ��� � �
6Æ= GP=�� � � �ÐÌ �� � � Î���� � � � � �  � Ìh¡qÎ
� WDC�69U�G,CFEZADCÄÌ¹¡;Î!6QbµWP�KC�ENG�b�AP�!G,�¹WP\F�
ADC¥APb(Ì � ÎÉ=�S[C2C�EN69b2�TW)698qC!C�EHG(bFAP�!G�APOQ�)W)\F6zC�EH�ÀU�AP8�¤TG
\FG�U�:H\]bF6z`)G�OzR�AD�H�HO96QG��j=�E�G�U�:H\]bF6z`)GAP�H�NO969U�ADC�6QW)83U�AP8�¤TG�CFG�\F�!698HADC�G��,I�EHG�8HG�`PG�\�I7G>EHAr`PGAP8 � � bF:HU�E
C�EHADC � ��'�#ADC�b]CFG��HbKÌ � Î�W)\�Ì¹¡;Î±=�La698HU�G$G�APU�E � ��� � � � � !#��� � � � � C�EHG � �Øb�\FG��N:HU�G$�
W)8NWPC�W)8N69U�ADO9OQRP=
�$G�8HU�GKC�ENG¸ADO9�)W)\]6QCFEH� I�69O9OjAPOQI7A�Rab�CFG�\F�!698HADC�GD=

S b]69�!�HO9G�\�`)G�\]bF6QW)8ÅWP�7C�EH6Qb�APOQ�)W)\]6QC�EN� CFEZADC¸EZAPb � � � U�AP8Å¤TG
:NbFG��³�¹W)\ � G±¶~C ��6QCrÌÆÎ±=¥��ENG¥Y
U�W~�HG��¹W)\[CFEHG � G±¶~C �$6QCrÌÆÎ��¹:H8NU�C�6QW)8²69b�bFENWsI�83¤TG�O9WrIK=
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��EHG[\]G�U�:N\FbF6z`)G�8ZAoC�:H\]G[WP�HCFEHG�APOQ�)W)\F6zC�EH��69b 8NWPC�AX�N\FW)¤HOQG�� �¹W)\�EZAP\]�NI[AD\FG[6Q�
�HOQG��!G�8qC�AoC�69WP8¸b]698HU�G
C�ENG�APOQ�)W)\F6zC�EH� C�G�\F�!698ZADCFG�b�ADC�C�EHG¸bFG�U�W)8H�BO9G�`PG�O_�¹W)\��
W)b�CX6Q8H�H:NCFb�CFEZADC$U�W)\]\FG�bF�TW)8H�BCFWµ\FG�APbFWP8ZAP¤HOQG
`DAPO9:NG�b�WD� � AP8H�·? �¹WP\��!G��!W)\]RÇb�Rab�C�G��
b�=Ä��ENG2\FG�U�:H\]bF69WP8ÁU�AP8Á¤TGµ:H8N\�A�`)G�O9O9G��Á¤qRÅ6Q8HO96Q8H698H�²C�ENG
APOQ�)W)\F6zC�EH� W)8NU�GÇADC2CFEHGÇW)8HOzRÂ\]G�U�:N\FbF6z`)GÇU�ADO9OXb]6QCFGP=º��EN69b²APOQ�)W)\F6zC�EH� 6Qb28HWPC¥b]:H6QC�AP¤HOQGB�¹W)\²AÅ�hAPb�C



���������	�
������
���������������������� !�#"�$&%��'�(")"#��**+�-,/.0$�12%��3�54763�98:8;��<+%��>=?��=/*#$>��<@* ¢�

EZAP\]�NI7AP\FG(6Q�
�HOQG��!G�8qC�AoC�69WP8Â¤TG�U�AD:HbFG(6zC¥U�W)8qC�AP698HbµbFG�`PG�\FAPOK�H6Q`~69b]69W)8ÂAP8H� �!Wa�H:NO9WÅWP�MG�\�ADCF69W)8Hbµ¤;R
8;:H��¤TG�\]b�I�EN69U�EB�
A�R28HWDC�¤MGK�TWsI�G�\]b$WD� ¢ =

�XA�`~698H�Ç�HG��
WP8Hb]CF\�ADCFG��ÁC�EZAoC!A�b]C�\FAP69�PE;C��¹W)\]I7AP\F� AP8HAPOQR;C�6QU�APO|bFWPO9:NCF69W)8¿�¹W)\�£ 69\]b]C ��6QCrÌÆÎËU�AP8H8HWDC
\FG�bF:HOzC76Q8µAKO9WrI�O9ADC�G�8HU�R6Q�
�NO9G��!G�8qC�ADC�6QW)8��¹W)\�U�APU�ENG±��OQ698HG�6Q8;CFG�\]O9G�A�`PG��2�!G��!W)\]RPJ)I7G$8HG�G��µC�W¸O9W~W)��AoC
�!G�C�ENWa�Hb7WP�òC�\FAP8Hb]�¹WP\F�!698H�ËC�EHG��N\FW)¤HOQG�� C�W>WP8HGXC�EHADC[U�AP8¥\FG�bF:HOzC�698¥AË�hAPb]C�EHAP\F�NI7AP\]G�69�!�HO9G��
G�8;C�Ao�
C�6QW)83ADC�A>\FG�APbFW)8HAP¤HO9G�U�W)b]C�=

� y��Ty� � +jfÍd � uhf6E4n~v � ���4msÖ@lZto{�i4k�fÍg � � Ö@mDv 9�gMp�n~mou¹n;l 
òfÍg �
DÊC�69b��TW)b]bF69¤NO9G�C�WU�W)8q`)G�\�C�ADO9O®�TW)b]bF69¤NO9G�U�ADbFG�b�WP� £ 69\]b]C �$6QCrÌÆÎ�C�W>C�EHGKb]69�!�HO9G�U�APbFG � ¤qR²U�EZAP8H�P698H�>C�ENG
I7ArR�I7G�`~69G±IÂ�!G��!W)\]RP=�£ZW)\ CFEHG�b�AD�PG�WP�M�)G�8HG�\�APOQ6QC�RPJ)O9G±C�:Hb�G±¶~CFG�8H�
W):H\��!G��!W)\]R¸698qCFG�\FOQG�A�`)G�b]U�EHG��!G
bFWËC�EZAoC7G�APU�E2¤ZAP8N�!6Qb�G �µAPU�EN698HG�I�W)\F�Hb|I�69�HGD=�SXb]bF:H�!G$CFEZADC�I7G$EZA�`)GK? ¤ZAP8H�;b�G�APU�E2U�W)8qC�AP6Q8H698N�
¤HOQWaU��;b�WP� b]69Ï�G�� 
�� I7WP\F�Hb�=�£ 69�P:H\FG�b�¡N= � = � AP8H�  b]EHWrI C�EHGK�HEqR~bF6QU�APO_`~69G�I�AP8H�,O9W)�)6QU�APOT`~69G�I�WP�
A>�
G��
WP\]R2b�R~b]C�G�� I�6QCFE � � ¢ J�G ��¡
AD8H��? � ¢ =

D�8 CFEHG²�HEqR~bF69U�APO[`~69G±I½I�G,U�W)8HbF6Q�HG�\>CFEHG²b]R~b]CFG�� APb!A�C�I7WÄ¤ZAP8N�¿�
G��
WP\]R¿b�R~b]C�G��+I�6QCFE·C�I�W
�!G��!W)\]Rq�ÊI�W)\]�Hb2ÌhA3�!G��!W)\�R;�ÆI7WP\F�Ä¤MG�698H�3�¹W):H\K�µADU�EH698HGI�W)\F�Hb�ÎË�TG�\Ë¤HO9W~U��@= D�8³CFEHGµOQW)�)6QU�APO `~6QG�I
I�G!U�AP8�C�EN698H�,WP��C�EHG>bFAP�
G¸C�I7W²¤ZAP8N��b]R~b]CFG�� ADb�U�W)8Hb]69b�C�698N�¥WP� � �2O9W)�P69U�ADO�¤HAP8H�;bË���s��� �  =Ë��APU�E
O9WP�)69U�APO�¤ZAP8N�ÄEHAPb(G � � AP8H� � � � =+D�8¿�)G�8HG�\FAPO|A G¾¶ � ¶H? �!G��!W)\]R(�
A�RÇ¤MG!U�WP8HbF6Q�HG�\]G��ÅCFWB¤TG
G¾¶ � ¶H?�OQW)�)6QU�APOM¤ZAP8H�;b��HG�8NWPC�G��B¤qR � �$CFW ������� � � =SXb]bF:H�!698H�¥CFEZADC�G�APU�EÇO9W)�)6QU�APO�¤ZAP8N�BEZAPb�6zC�b�WrI�8³£ 69\]b]C �$6QC$O9WP�)69UDJjAPOQO �TW)bFb]69¤HOQG�`)G�U�C�WP\KAPU�U�G�bFb]G�b
�
ArR3¤TG�EZAP8N�HO9G���:HbF6Q8H�2U�APbFG � APO9W)8NGP=X��EN69b�EZAD�H�MG�8Hb�¤TG�U�AP:HbFG �� � Ì 	 ��� !#���%�A��Î !#���%� �
Ì 	 ��� !#��� ��Î"!#��� � � �BI�EHG�8 � � � =Ä��EHG¥U�W)b]CWP��CFEHGµC�\FAP8Hb��¹W)\F�
ADC�6QW)8¿6Qb¸C�EHADC>I7G¥8NWsI 8HG�G��
G � ?�U�W)�H6QG�b�WP� CFEHG�£469\Fb�C ��6QC�O9WP�)69U�I�EHG�\FG�I�G�6Q8H6QCF6ØAPOQOQR8HG�G��HG��(W)8HOzR,?³=@��EH69b��HW~G�bX8NWPCX�N69\FG�U�CFOQR
\FG�bF:HOzC�698
C�EHG�EHAP\F�NI7AP\]G�U�W)b�C�¤HO9W)ADC�6Q8H��¤qR¥AË�hAPU�CFW)\[WP� G � ¤TG�U�AP:Hb]G�WP��W):H\7G��
�N69\F6QU�APO@W)¤NbFG�\�`DADC�6QW)8
C�EHADCKC�EHGU�WP��¤H698NG�� G � ? U�W)�H6QG�bKWP�|C�EHG!O9W)�P69U�\]G��H:HU�G
6Q8ÇbF69Ï�G¤;RÄA¥�hAPU±C�W)\��!W)\FG>CFEZAP8 � I�ENG�8
W)�NCF69�!69Ï�G��j= SXOzC�EHW):N�)E I�GB8NG�G�� G � U�W)�H69G�bWP��bFWP�
G²WP�$C�EHG,�ZADC�AD�ZADC�E G�OQG��!G�8qC�b!WP�$C�EHG3¤ZAP8H�
U�WP8;CF\FW)OQO9G�\�JaCFEHGK�ZADC�AP�ZADCFE36zC�b]G�OQ�469b���:HU�E,b]69�!�HO9G�\7C�EHAP8¥C�EHGKW)8HGK\]G�´;:H69\]G��²�¹W)\[C�ENG¸ADO9�)W)\]6QCFEH� �¹\FW)�
bFG�U�CF69W)8¡H= � = ¢ =���EHG�698NU�\FG�APbFG��
EHAP\F�NI7AP\]G�U�W)b]C|6Qb�C�EHG��H\]69U�G��HAP69���¹W)\��
AP�;698N��C�EHG��H\]W)¤HO9G��ºb]W)OQ`DAP¤HOQGP=

D�8¥C�EHG�GÉ¶a�HOØAP8HADC�6QW)8Hb�CFEZADC[�¹WPO9O9WrI¾I�G�I�69OQOMU�W)8Hb]69�HG�\[W)8HOzR
I�W)\F�¥6Q8qC�G�\]O9G�Ar`PG��²�!G��!W)\]R!W)\]�qAP8H6QÏ�Ao�
C�6QW)8HbÌ¹6Æ= GP=(G � � � � ÎXbF6Q8HU�GAPOQO WPCFEHG�\�WP\F�qAP8N69Ï�AoC�69WP8HbX�
A�RB¤TG>U�W)8q`PG�\]CFG��ÄC�W3A2O9W)�P69U�ADO4G�´~:N6Q`DAPO9G�8qC
I�6QCFE+G AP8H� � G�´;:ZADOjC�W!W)8HGP=|?3G��!W)\]R¥b�R~b]C�G��
b�I�6QCFE+G W)\ � �)\]G�ADCFG�\[C�EHAP8,WP8HGËAP\FG�G�´~:N6Q`DAPO9G�8qC
�¹W)\7CFEHG��H:N\F�TW)bFG�WP�òCFEH69b7�H69b]U�:Hb]bF69WP82C�WA��!G��!W)\]R!b]R~b�C�G�� AP8H� G � � � � AP8H� G � ¤ZAP8H�;b�bFEZAD\F698N�
A>U�W)�!�!W)8¥¤H:Hb�=

� y��Ty � 9�d ��msÖ 
Tn~v �¥u��TÖ@mof ps{4dÅk�7ÊÖ@m ��f¹mok�p�:Bf p � !XlZg�v 	3n $ p�:Bf p � !
D�8bFG�U�C�6QW)8¡H= � = � I�G�bFEHWrI�G��
CFEZADC�6zC�69b��TW)b]bF69¤NO9G[C�W��N\FG��N69U�C�CFEHG�¤ZAP8H�¸EH6QC�bFG�´;:HG�8HU�G��¹W)\�A�U�ADU�EHG±�ÊO9698NG
698qCFG�\FOQG�A�`)G��³�!G��!G�WP\]R,b]R~b]CFG�� :Hb]698H�3AP8(G�´~:N6Q`DAPO9G�8qC�I7W)\]�³6Q8qC�G�\]O9G�Ar`PG��Ç�!G��!W)\]R,b]R~b]CFG��3= D�8(C�EH6Qb
bFG�U�CF69W)83I7G¸�HG�\]6Q`)G¸69�!�H\FWr`PG���ADO9�)W)\]6QCFEH�
b[�¹WP\ & � �)(+*-, � *�ÌÍÎ�AD8H� �.
+/0*-, � *�ÌÍÎ��¹W)\�I7WP\F��6Q8;CFG�\]O9G�A�`~698N�
I�EH6QU�EÅU�AD8³C�E;:Hb¸¤MG!:Hb]G��Å�¹W)\KU�APU�EHG±�ÊO96Q8HG698qC�G�\FO9G�A�`a6Q8H�3APbKI7G�O9OÆ=
��EHG�b]G¥APOQ�)W)\F6zC�EH�!b��TG�\]�
6zCK:HbËCFW
APU�U�G�b]bµ¤ZADbFG±�Êb]CF\F69�NG3`PG�U�CFW)\Fb
698 �ZAP\FAPO9OQG�O7I�6zC�EHW):aC
b]G�´;:HG�8;CF6ØAPOQOQRÁGÉ¶a�ZAP8H�H6Q8H�³CFEHG,AP�H�H\]G�bFb]G�b
WP��C�ENG
698N�H6Q`~69�N:ZAPO_`)G�U±C�W)\KG�O9G��!G�8qCFb�=>L~698HU�G�C�EH6Qb�bFG�U�C�6QW)8Ç�HG�ADO9b�G±¶aU�O9:Hb]6Q`)G�OQR,I�6QC�E(I�W)\F�Ç6Q8;CFG�\]O9G�A�`~698N�HJ®C�ENG
�ZAP\FAP�!G�C�G�\ � � � 69b�W)�!6QCFG��²6982CFEHG��¹W)O9OQWrI�698H���N69bFU�:HbFb]69W)8®=
�¥n E�g�f¹prfhÖTg�kP×
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I^]pTcdÁTcq T#I�C _)S°ñwI bndONQkQRULNC [Sq�C [ baC G k Tc_9C [ LO_hLÁ_hNQLNOeT#I�KÃTcdOk iJS(Õ0C be_U_ PSq Tc_9C [ b�C7C [ Tq Tcq kQRU] ack�I�C RUkQdOdÁTcR [ bn_ bearacTr_ _wC kpC [ST(Ù beNQT7C b
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I G C [ST _ LNãcT kem{C [ T_ P�Ù TrRµÙ beNeT¿LmC LO_ ack�I�C�bnL�IST G LNIiS�Õ0C LÁ_ be_ _UPSqsT G C [ b�CnC [STW_ LNãcTWkem b _ P�Ù TrRµÙ beNeT¿LÁ_ bedÁi bÂ] _ b¹ÙÃk i TrR kem
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3 � �*�*�<�E����&"/�� �GFCH �
�
�A� �"I�� �� �(�(��"� �1�KJ �! */���� � ��L��!�5#M,�,0������ = �"������N�O��P� =  � �!�Q;
����3��*�"� = ��O�&"(6#
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UWV � F�F%�	� ���������� "�X;

Y�Y ���*�*,0�'&! ��!�<�A� �"I�� �� *(�(1�"� ��� �2�"�*��O"�*& � �*�1 � �
Y�Y � ��/�&�������* �&1�2& = �	� � ���
Y�Y � �"I�� �� *(�(1�"� ��� 3 � �*�"�>�! */"�1� � ��L"�2#1#74�Z'&

� �1� O!�%��&2���������� = O �>[ =  � � J 
?8\� J �1��3��*� = ��O�&"( F

Y�Y^] � ���*� =  �&1N �  *�"� = O ��I ���!�*�" ����'&"/+��&2� � �
Y�Y ����������73��6� ��� O!��(+��	,1��O1�!�>&���3 =  � �7 *(�(��"� ���
�*��&"/�� � #%�*��&"/�� � R2����3���� = ��O�&�(�;
=  � �7# =  � � U 
?8:�%_C�1��3��*� = ��O�&"(�;
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Â [ST k�ÙÃTcR baC LOk
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I G qsb
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I knmsC [STWYÅfÏñÄLO_ G Tc_ULON�IST G C kLKÃThLNISackQRÙ keR b�C T G LNI�C k�b
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I/R ack�I�C R kQdÁdOTcR m kQR Tcbea�[
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b¼OQTra)C kQR R T#Ø PSTr_C ar] acdÁT
lgLmCW_ P/Ù�Ù kQR	C _¿b+è�A M KSLNChb G/G RUTc_U_#l bzè�A M K LNCh_	C RUL G T�l b¼C [SRUTcT M KSLNC7C R b
I _ bea_C LOk
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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
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