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7KH�3(50(',$�PHPRU\�V\VWHP�LV�LQWHQGHG�IRU�XVH�ZLWK�6\QFKURQRXV�'\QDPLF�0HPRULHV��7KH
PHPRULHV�FDQ�EH�6*5$0�RU�6'5$0�GHYLFHV���7KH�ZLGWK�RI�WKH�PHPRU\�LQWHUIDFH�LV�����ELWV��EXW�FDQ
EH�FRQILJXUHG�WR����ELWV��&RQWURO�OLQHV�DUH�SURYLGHG�IRU���EORFNV�RI�PHPRULHV��WKHVH�DUH�6HOHFW����²����
)RXU�&ORFN2XW�DQG�&ORFN5HWXUQ�VLJQDOV�DUH�DOVR�SURYLGHG��WKHVH�DUH�WR�DVVLVW�LQ�GH�VNHZLQJ�WKH�UHWXUQ
GDWD�DQG�UHGXFLQJ�WKH�ORDG�RQ�HDFK�FORFN�OLQH��7KH�&ORFN�OLQHV�VKRXOG�EH�ZLUHG�DV�LOOXVWUDWHG�LQ�)LJXUH
�����7KH�PHPRU\�V\VWHP�KDV�RQH�VHW�RI�SULPDU\�FRQWURO�VLJQDOV�ZKLFK�DUH�FRPPRQ�WR�DOO�EORFNV��WKHVH
DUH�'DWD��$GGUHVV��5$6��&$6��:ULWH(QDEOH��:(���'6)��&ON(QDEOH�DQG�%\WH�HQDEOHV��'40���$�W\SLFDO
RUJDQL]DWLRQ�LV�VKRZQ�EHORZ�

Figure 9.1 Organization of memory devices

7KH�GLDJUDP�VKRZV�D����PHJDE\WH�PHPRU\�DUUD\��FRQVWUXFWHG�IURP�������0HJDELW�PHPRULHV��DUUDQJHG
LQWR���EORFNV��7KH�GHYLFHV�XVHG�DUH����ELW�ZLGH�ZLWK���EDQNV��ZKHUH�HDFK�EDQN�KDV�����URZV�DQG����
FROXPQV�
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9.1 System Parameters

7KH�0HPRU\�6\VWHP�HPSOR\V�D�ULFK�VHW�RI�UHJLVWHUV��ZKLFK�DOORZ�IRU�D�GLYHUVH�UDQJH�RI�PHPRU\
FRQILJXUDWLRQV��7KH�YDULRXV�WLPLQJ�SDUDPHWHUV�XVHG�WR�FRQWURO�V\QFKURQRXV�PHPRULHV�FDQ�EH�DGMXVWHG
WR�DOORZ�IRU�RSWLPXP�SHUIRUPDQFH�GHSHQGLQJ�RQ�PHPRU\�W\SH��VSHHG�JUDGH�DQG�WKH�3(50(',$
V\VWHP�FORFN�IUHTXHQF\��0&ON���0HPRU\�IXQFWLRQDOO\�FDQ�EH�HQDEOHG�GHSHQGLQJ�RQ�WKH�W\SH�ILWWHG��)XOO
DGGUHVVLQJ�FRQWURO�LV�DYDLODEOH�VR�WKDW�YLUWXDOO\�DQ\�PHPRU\�FRQILJXUDWLRQ�FDQ�EH�ILWWHG�

7KH�IROORZLQJ�SDUDPHWHUV�DUH�XVHG�WR�FRQWURO�DFFHVVHV�WR�WKH�PHPRU\��7KHVH�YDOXHV�IDOO�LQWR�WKUHH
FDWHJRULHV

• $GGUHVVLQJ
• )XQFWLRQDOLW\�DQG�2SWLPL]DWLRQV
• 7LPLQJ�DQG�0RGH

�°£°£ �``ÀiÃÃ��}

�°£°£°£ ���Ö���``ÀiÃÃ

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�DGGUHVV�ELWV�UHTXLUHG�WR�JHQHUDWH�WKH�FROXPQ�DGGUHVVHV�IRU�WKH
PHPRU\�GHYLFHV�ILWWHG��7KLV�SDUDPHWHU�LV�QRUPDOO\�TXRWHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�

)RU�H[DPSOH�&$�a&$��WKHUHIRUH�WKH�&ROXPQ�$GGUHVV�SDUDPHWHU�ZRXOG�EH��

�°£°£°Ô -�Ý�``ÀiÃÃ

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�DGGUHVV�ELWV�UHTXLUHG�WR�JHQHUDWH�WKH�URZ�DGGUHVVHV�IRU�WKH
PHPRU\�GHYLFH�ILWWHG��7KLV�SDUDPHWHU�LV�QRUPDOO\�TXRWHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�

)RU�H[DPSOH�5$�a5$��WKHUHIRUH�WKH�5RZ�$GGUHVV�SDUDPHWHU�ZRXOG�EH��

�°£°£°Ï 
>���``ÀiÃÃ

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�DGGUHVV�ELWV�UHTXLUHG�WR�JHQHUDWH�WKH�EDQN�DGGUHVVHV�IRU�WKH
PHPRU\�GHYLFH�ILWWHG��7KLV�SDUDPHWHU�LV�QRUPDOO\�TXRWHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�
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)RU�H[DPSOH�$��%$��WKHUHIRUH�WKH�%DQN�$GGUHVV�SDUDPHWHU�ZRXOG�EH��

�°£°£°{ ���«.i�iVÍ

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�DGGUHVV�ELWV�QHHGHG�WR�VHOHFW�DOO�WKH�EORFNV�RI�PHPRU\�GHYLFHV
ILWWHG�WR�WKH�3(50(',$�GHYLFH�

)RU���%ORFN�RI�PHPRULHV� &KLS�6HOHFW� ��
)RU���%ORFNV�RI�PHPRULHV� &KLS�6HOHFW� ��
)RU���%ORFNV�RI�PHPRULHV� &KLS�6HOHFW� ��
)RU���%ORFNV�RI�PHPRULHV� &KLS�6HOHFW� ��

�°£°£°x +>}i.�ãi

7KLV�SDUDPHWHU�GHILQHV�WKH�DGGUHVV�UDQJH�IRU�D�PHPRU\�SDJH�RI�WKH�PHPRU\�DUUD\�ILWWHG��7KH�YDOXH�FDQ
EH�FDOFXODWHG�DV��FROXPQ�DGGUHVV�ELWV�RI�GHYLFH�²�����7KH�3DJH6L]H�SDUDPHWHU�PRGLILHG�LI�HLWKHU
,QWHUOHDYH�����RU�+DOIZLGWK�����������DUH�VHW��3DJH6L]H�FDQ�EH�FDOFXODWHG�DV���FROXPQ�DGGUHVV�ELWV��²�����
,QWHUOHDYH�²�+DOIZLGWK�

�°£°£°È -i}���.�ãi

7KLV�SDUDPHWHU�GHILQHV�WKH�DGGUHVVLQJ�UDQJH�IRU�HDFK�RI�WKH�IRXU�SDJH�GHWHFWRUV�LPSOHPHQWHG�LQ�WKH
PHPRU\�FRQWUROOHU��7KH�PLQLPXP�UHJLRQ�D�SDJH�GHWHFWRU�FDQ�EH�DVVLJQHG�WR�LV�RQH�LQWHUQDO�EDQN��WKH
PD[LPXP�LV�DOO�RI�WKH�PHPRU\�ILWWHG��7KHUH�DUH�VRPH�PHPRU\�FRQILJXUDWLRQV�ZKHUH�QRW�DOO�WKH�SDJH�
GHWHFWRUV�FDQ�EH�GHSOR\HG��$Q�H[DPSOH�RI�WKLV�LV�ZKHQ�WKUHH�EORFNV�RI�PHPRU\�GHYLFHV�DUH�XVHG��7KH
YDOXH�FDQ�EH�FDOFXODWHG�DV
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7KLV�IODJ�VKRXOG�EH�VHW��ZKHQ�WKH�WRWDO�QXPEHU�RI�EDQNV�ILWWHG�LV�JUHDWHU�WKDQ����7KH�WRWDO�QXPEHU�RI
EDQNV�FDQ�EH�GHWHUPLQHG�E\�PXOWLSO\LQJ�WKH�QXPEHU�RI�LQWHUQDO�EDQNV�RI�WKH�GHYLFH�E\�WKH�QXPEHU�RI
GHYLFH�EORFNV�ILWWHG��,Q�WKH�H[DPSOH�VKRZQ�LQ�)LJXUH������WKHUH�DUH���GHYLFH�EORFNV�ILWWHG��%ORFNV���WR����
HDFK�GHYLFH�KDV���LQWHUQDO�EDQNV��%DQNV�$�DQG�%���VR�WKH�WRWDO�QXPEHU�RI�EDQNV�LV����WKHUHIRUH
&RPELQH%DQNV�VKRXOG�EH�VHW�

�°£°£°n ��ÍiÀ�i>Üi

7KLV�IODJ�ZKHQ�VHW�GRXEOHV�WKH�SDJH�VL]H�RI�WKH�PHPRU\�DUUD\��7KLV�LV�DFFRPSOLVKHG�E\�FRPELQLQJ�WZR
EORFNV�RI�PHPRU\�DQG�RSHUDWLQJ�WKHP�DV�RQH��%RWK�EORFNV�DUH�35(&+$5*('�DQG�$&7,9$7('
WRJHWKHU��DQG�DQ\�FRPPDQG�VHTXHQFHV�LVVXHG�WKDW�FURVV�IURP�RQH�EORFN�WR�WKH�RWKHU��GR�VR�ZLWKRXW
LQFXUULQJ�D�SDJH�EUDNH��)URP�WKH�H[DPSOH�FRQILJXUDWLRQ�GHWDLOHG�LQ�)LJXUH������%ORFN���ZRXOG�LQWHUOHDYH
ZLWK�%ORFN����DQG�%ORFN���ZLWK�%ORFN����:KHQ�WKLV�IODJ�LV�VHW�WKH�YDOXH�ORDGHG�LQWR�WKH�3DJH6L]H
SDUDPHWHU�����������VKRXOG�EH�LQFUHDVHG�E\�RQH��$V�WKH�%ORFNV�DUH�QRZ�RSHUDWLQJ�LQ�SDLUV�WKH�WRWDO
QXPEHU�RI�EDQNV�ILWWHG�LV�KDOYHG��7KLV�PD\�KDYH�D�EHDULQJ�RQ�WKH�&RPELQH%DQNV�IODJ�����������

�°£°£°� �>�v8�`Í�

7KLV�IODJ�VKRXOG�EH�VHW�RQO\�ZKHQ�WKH�PHPRU\�EXIIHU�ILWWHG�LV����ELWV�ZLGH��:KHQ�VHW��WKLV�IODJ�KDV�DQ
LPSDFW�RQ�WKH�3DJH6L]H�UHJLVWHU���VHFWLRQ����������

�°£°Ô ���ÍÀ�����}Ê�>À}iÀÊ�i��ÀßÊ`iÜ�ViÃ
3HUPHGLD��FDQ�GULYH���0%[��ELW�PHPRU\�GHYLFHV�DV�IROORZV�

� 7LH�WKH�&6�RI�WKH�PHPRULHV�/RZ
� :LUH�FKLS�$GGUHVV�OLQHV�$���WR�$��WR�PHPRU\�DGGUHVV�OLQHV�$���WR�$��
� :LUH�FKLS�$GGUHVV�OLQH�$���WR�PHPRU\�%$�
� :LUH�FKLS�%DQN6HOHFW��WR�PHPRU\�%$�

/RFDO0HP&DSV�UHJLVWHU�FRQILJXUDWLRQ�

/RDG�WKH�UHJLVWHU�ZLWK�WKH�YDOXH���[��(���%����7KLV�VHWV�WKH�IROORZLQJ�SDUDPHWHUV�

� &DV�DGGUHVV�ELWV� �
� 5DV�DGGUHVV�ELWV ��
� %DQN�DGGUHVV�ELWV �
� &KLS6HOHFW�ELWV �
� 5HJLRQ�6L]H ��



PERMEDIA3 Reference Guide Memory Systems

�(�>LÃ Proprietary and Confidential 9-5

7KLV�WDFWLF�
WULFNV
�WKH�0HPRU\�&RQWUROOHU�LQWR�RSHUDWLQJ�DV�LI���EORFNV�RI�WZLQ�EDQN�GHYLFHV�DUH�ILWWHG�
7KLV�DSSURDFK�LV�UHOLDEOH�DQG�XVHG�RQ�D�QXPEHU�RI��'0EFW�ERDUG�SURGXFWV�

�°£°Ï �Ö�VÍ���>��ÍßÊ>�`Ê#«Í���ã>Í���Ã

�°£°Ï°£ !�+ÀiV�>À}i#«Í

7KLV�IODJ�ZKHQ�VHW�ZLOO�GLVDEOH�WKH�EDFN�WR�EDFN�5($'���35(&+$5*(�RSWLPL]DWLRQ��LQVHUWLQJ�FORFNV
WR�WKH�YDOXH�RI�WKH�&$6�/DWHQF\�EHWZHHQ�WKH�FRPPDQGV��,I�WKH�PHPRU\�GHYLFHV�ILWWHG�DUH�FDSDEOH�RI
H[HFXWLQJ�D�5($'�FRPPDQG�GLUHFWO\�IROORZHG�E\�D�35(&+$5*(�FRPPDQG��WKLV�IODJ�VKRXOG�EH�OHIW
FOHDU�IRU�RSWLPDO�SHUIRUPDQFH���7KH�ELW�VHWWLQJ�FDQQRW�EH�UHDG�EDFN�GLUHFWO\�DQG�VKRXOG�EH�VHW�RU�UHVHW
ZKHQ�LQ�GRXEW�

�°£°Ï°Ô .«iV�>� �`i#«Í

7KLV�IODJ�ZKHQ�VHW�HQDEOHV�WKH�PHPRU\�FRQWUROOHU�WR�LVVXH�D�6SHFLDO�0RGH�5HJLVWHU�6HW��6056�
FRPPDQG��ZLWKRXW�UHJDUG�WR�WKH�FXUUHQW�VWDWH�RI�WKH�LQWHUQDO�EDQNV�RI�WKH�6*5$0��6RPH�PHPRU\
GHYLFHV�UHTXLUH�DOO�LQWHUQDO�EDQNV�WR�EH�LQ�WKH�VDPH�VWDWH�EHIRUH�DQ�6056�FRPPDQG�LV�LVVXHG��)RU�WKHVH
GHYLFHV��HQVXUH�WKDW�WKH�IODJ�LV�FOHDUHG��7KH�PHPRU\�FRQWUROOHU�ZLOO�LVVXH�D�35(&+$5*(�FRPPDQG�WR
WKH�GHYLFHV�WR�HQVXUH�DOO�LQWHUQDO�EDQNV�DUH�LQ�WKH�,'/(�PRGH�EHIRUH�LVVXLQJ�WKH�6056�FRPPDQG��,I�WKH
PHPRU\�GHYLFHV�ILWWHG�DUH�FDSDEOH�RI�WKLV�IXQFWLRQ��RSWLPDOO\�WKLV�IODJ�VKRXOG�EH�VHW�

�°£°Ï°Ï 0Ý�����À
��V�����

7KLV�IODJ�ZKHQ�VHW�DOORZV�WKH�PHPRU\�FRQWUROOHU�WR�XWLOL]H�WKH���LQWHUQDO�&RORU�5HJLVWHUV�WKDW�VRPH
6*5$0�GHYLFHV�DUH�HTXLSSHG�ZLWK��,I�WKH�PHPRU\�GHYLFHV�ILWWHG�RQO\�KDYH���&RORU�5HJLVWHU��WKLV�IODJ
VKRXOG�EH�FOHDUHG��:KHQ�WKLV�IODJ�LV�FOHDUHG�WKH�PHPRU\�FRQWUROOHU�ZLOO�IXOO\�HPXODWH�WKH�WZR�FRORU�ILOO
RSHUDWLRQV�

�°£°Ï°{ !�8À�Íi >Ã�

7KLV�IODJ�ZKHQ�VHW�GLVDEOHV�WKH�PHPRU\�FRQWUROOHU�IURP�XVLQJ�WKH�LQWHUQDO�0$6.�5HJLVWHU�RI�DQ
6*5$0��7KLV�IODJ�PXVW�EH�VHW�LI�6'5$06�DUH�ILWWHG��:KHQ�WKLV�IODJ�LV�VHW��WKH�PHPRU\�FRQWUROOHU�ZLOO
HPXODWH�WKH�ZULWH�PDVN�RSHUDWLRQV��7KLV�LV�RQO\�D�SDUWLDO�HPXODWLRQ�XVLQJ�WKH�E\WH�HQDEOHV�VR�ELW
SUHFLVLRQ�LV�QRW�DFKLHYHG�

�°£°Ï°x !�
��V�����

7KLV�IODJ�ZKHQ�VHW�GLVDEOHV�WKH�PHPRU\�FRQWUROOHU�IURP�LVVXLQJ�D�%ORFN�)LOO�FRPPDQG�WR�WKH�PHPRULHV�
7KLV�IODJ�PXVW�EH�VHW�LI�6'5$06�DUH�ILWWHG��:KHQ�WKLV�IODJ�LV�VHW�WKH�PHPRU\�FRQWUROOHU�ZLOO�IXOO\
HPXODWH�WKH�EORFN�ILOO�RSHUDWLRQV�

�°£°Ï°È !�������i>`

7KLV�IODJ�ZKHQ�VHW�GLVDEOHV�WKH�PHPRU\�FRQWUROOHU�IURP�LVVXLQJ�FRPPDQG�WR�RQH�EDQN�RI�PHPRU\�
ZKLOVW�DQRWKHU�EDQN�LV�LQ�WKH�SURFHVV�RI�35(&+$5*+,1*��1RPLQDOO\�IRU�SHUIRUPDQFH��WKLV�IODJ
VKRXOG�EH�OHIW�FOHDUHG�
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�°£°{ 0����}Ê>�`Ê �`i

�°£°{°£ 0ÖÀ�#�Ê­
��V�ÊÍ�Ê
��V�Ê-i>`Ê
i�>ß®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D�5($'
FRPPDQG�WR�RQH�EORFN�RI�PHPRU\�GHYLFHV�WR�D�5($'�RI�DQRWKHU�%ORFN���%ORFN�WR�%ORFN�5HDG�'HOD\��
7ZR�SDUDPHWHUV�IURP�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�PXVW�EH�XVHG�WR�GHWHUPLQH�ZKDW�YDOXH�7XUQ2Q
PXVW�EH�VHW�WR��7KH�WLPLQJ�SDUDPHWHU�W+=�GHILQHV�WKH�WUL�VWDWH�WLPH�DQG�WKH�SDUDPHWHU�W/=�GHILQHV�WKH
GULYH�WLPH�RI�WKH�GHYLFH��,I�W/=�LV�JUHDWHU�WKDQ�W+=��WKHQ�WKLV�SDUDPHWHU�FDQ�VDIHO\�EH�VHW�WR�]HUR�

�°£°{°Ô 0ÖÀ�#vvÊ­-i>`ÊÍ�Ê8À�ÍiÊ0ÖÀ�Ê>À�Ö�`®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D�5($'
DQG�D�:5,7(�FRPPDQG��5HDG�²�:ULWH�WXUQ�DURXQG���7KLV�SDUDPHWHU�LV�GHILQHG�LQ�WKH�PHPRU\�GHYLFH
GDWD�VKHHW��XVXDOO\�DV�W+=�

�°£°{°Ï -i}�ÃÍiÀ��>`Ê­-�®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D�6056�DQG
DQRWKHU�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�DV�W56&��,I�W56&
LV�TXRWHG�LQFOXGLQJ�WKH�6056�F\FOH��WKHQ�5HJLVWHU/RDG�VKRXOG�EH�FDOFXODWHG�DV�W56&��LQ�0&ON�F\FOHV��²
��

�°£°{°{ 
��V�8À�ÍiÊ­
8®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D�%/2&.
:5,7(�DQG�DQRWKHU�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�DV
W%:&��,I�W%:&�LV�TXRWHG�LQFOXGLQJ�WKH�6056�F\FOH��WKHQ�%ORFN:ULWH�VKRXOG�EH�FDOFXODWHG�DV�W%:&��LQ
0&ON�F\FOHV��²���

�°£°{°x �VÍ�Ü>Íi0�����>�`Ê­�0�®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�DQ
$&7,9$7(�DQG�D�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�DV
W5&'��,I�W5&'�LV�TXRWHG�LQFOXGLQJ�WKH�$&7,9$7(�F\FOH��WKHQ�$FWLYDWH7R&RPPDQG�VKRXOG�EH
FDOFXODWHG�DV�W5&'��LQ�0&ON�F\FOHV��²���

�°£°{°È +ÀiV�>À}i0��VÍ�Ü>ÍiÊ­+0�®
7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D
35(&+$5*(�DQG�DQ�$&7,9$7(�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH
GDWD�VKHHW�DV�W53��,I�W53�LV�TXRWHG�LQFOXGLQJ�WKH�35(&+$5*(�F\FOH��WKHQ�3UH&KDUJH7R$FWLYDWH
VKRXOG�EH�FDOFXODWHG�DV�W53��LQ�0&ON�F\FOHV��²���

�°£°{°Ç 
��V�8À�Íi0�+ÀiV�>À}iÊ­
0+®
7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D
%/2&.:5,7(�DQG�D�35(&+$5*(�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\
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GHYLFH�GDWD�VKHHW�DV�W%3/��W%:5���,I�W%3/�LV�TXRWHG�LQFOXGLQJ�WKH�%/2&.:5,7(�F\FOH��WKHQ
%ORFN:ULWH7R3UHFKDUJH�VKRXOG�EH�FDOFXODWHG�DV�W%3/��LQ�0&ON�F\FOHV��²���

�°£°{°n 8À�Íi0�+ÀiV�>À}iÊ­80+®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�D�:5,7(
DQG�D�35(&+$5*(�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH�GDWD�VKHHW�DV
W5'/��W:5���,I�W5'/�LV�TXRWHG�LQFOXGLQJ�WKH�:5,7(�F\FOH��WKHQ�:ULWH7R3UHFKDUJH�VKRXOG�EH
FDOFXODWHG�DV�W5'/��LQ�0&ON�F\FOHV��²���

�°£°{°� �VÍ�Ü>Íi0�+ÀiV�>À}iÊ­�0+®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�DQ
$&7,9$7(�DQG�D�35(&+$5*(�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH
GDWD�VKHHW�DV�W5$6��,I�W5$6�LV�TXRWHG�LQFOXGLQJ�WKH�$&7,9$7(�F\FOH��WKHQ�$FWLYDWH7R3UHFKDUJH
VKRXOG�EH�FDOFXODWHG�DV�W5$6��LQ�0&ON�F\FOHV��²���

�°£°{°£ä -ivÀiÃ��ßV�iÊ­-�®

7KLV�SDUDPHWHU�GHILQHV�WKH�QXPEHU�RI�0&ON�F\FOHV�WKDW�QHHG�WR�EH�LQVHUWHG�EHWZHHQ�LVVXLQJ�DQG
5()5(6+�DQG�DQ�$&7,9$7(�FRPPDQG��7KLV�SDUDPHWHU�LV�XVXDOO\�GHWDLOHG�LQ�WKH�PHPRU\�GHYLFH�GDWD
VKHHW�DV�W5&��,I�W5&�LV�TXRWHG�LQFOXGLQJ�WKH�5()5(6+�FRPPDQG�F\FOH��WKHQ�5HIUHVK&\FOH�VKRXOG�EH
FDOFXODWHG�DV�W5&��LQ�0&ON�F\FOHV��²���

�°£°{°££ �>Ã�>Íi�VßÊ­��®

7KLV�SDUDPHWHU�GHWHUPLQHV�WKH�&$6�ODWHQF\�H[SHFWHG�E\�WKH�PHPRU\�FRQWUROOHU��7KH�&DV/DWHQF\
SDUDPHWHU�FDQ�EH�ORDGHG�GLUHFWO\�ZLWK�WKH�DSSURSULDWH�YDOXH�IURP�WKH�PHPRU\�GHYLFH�GDWD�VKHHW��)RU
H[DPSOH��LI�D�&$6�ODWHQF\�RI���LV�UHTXLUHG�WKHQ�WKH�&DV/DWHQF\�SDUDPHWHU�VKRXOG�EH�VHW�WR���

�°£°{°£Ô  �`i

7KLV�SDUDPHWHU�GHILQHV�WKH�YDOXH�RI�WKH�0RGH�5HJLVWHU�ORDGHG�LQWR�WKH�6*5$0�DW�WKH�HQG�RI�WKH�ERRW
VHTXHQFH��VHH�GDWD�VKHHW���,WHPV�WR�QRWH��%XUVW�W\SH�VKRXOG�EH�VHTXHQWLDO��EXUVW�OHQJWK�VKRXOG�EH�VHW�WR
RQH�DQG�&$6�ODWHQF\�VKRXOG�EH�FRQVLVWHQW�ZLWK�WKH�&$6/DWHQF\�SDUDPHWHU��)RU�GHYLFHV�WKDW�KDYH�D
&RORU�5HJLVWHU�ILHOG��WKLV�VKRXOG�EH�FRQVLVWHQW�ZLWK�WKH�7ZR&RORU%ORFN)LOO�IODJ���$OO�RWKHU�ELWV�LQ�WKH
0RGH�ILHOG�VKRXOG�EH�VHW�ORZ�

�°£°{°£Ï -ivÀiÃ���>L�i

7KLV�IODJ�VKRXOG�EH�VHW�IRU�5HIUHVK�FRPPDQGV�WR�EH�LVVXHG�E\�WKH�PHPRU\�FRQWUROOHU�

�°£°{°£{ -ivÀiÃ���Ö�Í

7KLV�SDUDPHWHU�GHILQHV�WKH�SHULRG�EHWZHHQ�$872�5()5(6+�FRPPDQGV�EHLQJ�LVVXHG�WR�WKH
V\QFKURQRXV�PHPRULHV��7KH�FRXQW�LV�LQ���0&ONV�����������L�H��LI�5HIUHVK&RXQW� ����WKH�V\QFKURQRXV
PHPRULHV�ZLOO�EH�UHIUHVKHG�HYHU\����0&ON�F\FOHV��)RU�WKH�UHTXLUHG�UHIUHVK�UDWH��VHH�WKH�V\QFKURQRXV
PHPRU\�GDWD�VKHHW�
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9.2 Example Parameter Values

7KH�IROORZLQJ�GHYLFH�W\SHV�DQG�YDOXHV�DUH�JLYHQ�DV�H[DPSOHV�DQG�VKRXOG�QRW�EH�WDNHQ�DV
UHFRPPHQGDWLRQV�
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�°Ô°£ £ää �ãÉ.>�ÃÖ�}Ê� {£ÏÔ�ÔÇ£��£äÊ.�-� ÊÉÍ�Í>�Ê.�-� Ê£Ô 

)RU�D�3(50(',$�GHYLFH�UXQQLQJ�ZLWK�DQ�0&ON�RI����0+]��ILWWHG�ZLWK������0ELW���[���[���[��
6*5$06�DUUDQJHG�LQWR���%ORFNV�

Table 9.1  100MHz/Samsung KM4132G271A-10 SGRAM /total SGRAM 12MB

Ê�``ÀiÃÃ��}Ê+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
���Ö���``ÀiÃÃ £äää n
-�Ý�``ÀiÃÃ £ää£ �

>���``ÀiÃÃ äää£ £Ê­ÔÊ
>��ÃÊ�É
®
���«.i�iVÍ ää£ä ÔÊ­ÏÊ
��V�Ã®
+>}i.�ãi ää££ ÏÊ­ÔxÈ®
-i}���.�ãi ££ä£ £ÏÊ­Ê{Ê 
®
���L��i
>��Ã £ ÈÊrÊÏÊ
��V�ÃÊÞÊÔ
>��Ã
��ÍiÀ�i>Üi ä #«Í���>�
�>�v8�`Í� ä 2�>Ü>��>L�iÊ£ÔnÊL�Í

�Ö�VÍ���>��ÍßÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
!�+ÀiV�>À}i#«Í ä +ÀiviÀÀi`
.«iV�>� �`i#«Í £ +ÀiviÀÀi`
0Ý�����À
��V����� ä #��ßÊ£Ê����ÀÊ-i}�ÃÍiÀ
!�8À�Íi >Ã� ä +ÀiviÀÀi`
!�
��V����� ä +ÀiviÀÀi`
!�������i>` ä +ÀiviÀÀi`

0����}Ê>�`Ê �`iÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
0ÖÀ�#�Ê­
��V�ÊÍ�Ê
��V�Ê-i>`® ä£ 0Ã�ãÊÇ�Ã
0ÖÀ�#vvÊ­-i>`ÊÍ�Ê8À�Íi® ä£ 0Ã�ãÊÇ�Ã
-i}�ÃÍiÀ��>`Ê­-�® ää !iÝÊV���>�`Ê�iÞÍÊ���

��V�8À�ÍiÊ­
8® ä£ 0LÝVÊÔä�Ã]ÊÊÔ���Ê�£
�VÍ�Ü>Íi0�����>�`Ê­�0�® ää£ 0ÀV`ÊÔä�Ã]ÊÔ���Êq£
+ÀiV�>À}i0��VÍ�Ü>ÍiÊ­+0�® ä£ä 0À«ÊÔÈ�Ã]ÊÏ���Ê�£

��V�8À�Íi0�+ÀiV�>À}iÊ­
0+® ää£ 0L«�ÊÔä�Ã]ÊÔ���Ê�£
8À�Íi0�+ÀiV�>À}iÊ­80+® äää 0À`�Ê£���Ê�£
�VÍ�Ü>Íi0�+ÀiV�>À}iÊ­�0+® ä£ää 0À>ÃÊxä�Ã]Êx���Êq£
-ivÀiÃ��ßV�iÊ­-�® ä£££ 0ÀVÊnä�ÃÊn���Ê�£
�>Ã�>Íi�VßÊ­��® ä££ �>Ã�>Íi�VßÊÏ
 �`i ääää££ääää ��Ï
-ivÀiÃ���>L�i £
-ivÀiÃ���Ö�Í ä££ääää È{{ÏÔÊ-ivÀiÃ�ÊVÉÃ
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�°Ô°Ô £Ôx �ã£É.�� �!.Ê�:
Ï�.£ÈÏÔä�ÇÊ.�-� ÊÉÍ�Í>�Ê.�-� Ê£È 

)RU�D�3(50(',$�GHYLFH�UXQQLQJ�ZLWK�DQ�0&ON�RI����0+]��ILWWHG�ZLWK������0ELW���[����[���[��
6*5$06�DUUDQJHG�LQWR���%ORFNV�

Table 9.2  125MHz/SIEMENS HYB39S16320-7 SGRAM /total SGRAM 16MB

�``ÀiÃÃ��}Ê+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
���Ö���``ÀiÃÃ £äää n
-�Ý�``ÀiÃÃ £ä£ä £ä

>���``ÀiÃÃ äää£ £Ê­ÔÊ
>��ÃÊ�É
®
���«.i�iVÍ äää£ £Ê­ÔÊ
��V�Ã®
+>}i.�ãi ää££ ÏÊ­ÔxÈ®
-i}���.�ãi ££ä£ £ÏÊ­Ê{Ê 
®
���L��i
>��Ã ä {ÊrÊÔÊ
��V�ÃÊÞÊÔ
>��Ã
��ÍiÀ�i>Üi ä #«Í���>�
�>�v8�`Í� ä 2�>Ü>��>L�iÊ£ÔnÊL�Í

�Ö�VÍ���>��ÍßÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
!�+ÀiV�>À}i#«Í ä +ÀiviÀÀi`

.«iV�>� �`i#«Í £ +ÀiviÀÀi`

0Ý�����À
��V����� £ +ÀiviÀÀi`

!�8À�Íi >Ã� ä +ÀiviÀÀi`

!�
��V����� ä +ÀiviÀÀi`

!�������i>` ä +ÀiviÀÀi`

0����}Ê>�`Ê �`iÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
0ÖÀ�#�Ê­
��V�ÊÍ�Ê
��V�Ê-i>`® ä£ 0�ãÊn�Ã

0ÖÀ�#vvÊ­-i>`ÊÍ�Ê8À�Íi® ä£ 0�ãÊn�Ã

-i}�ÃÍiÀ��>`Ê­-�® ä£ 0ÀÃVÊÔ���Ê�£


��V�8À�ÍiÊ­
8® ä£ 0LÝVÊ£{�Ã]ÊÊÔ���Ê�£

�VÍ�Ü>Íi0�����>�`Ê­�0�® ä£ä 0ÀV`ÊÔ£�Ã]ÊÏ���Êq£

+ÀiV�>À}i0��VÍ�Ü>ÍiÊ­+0�® ä£ä 0À«ÊÔ£�Ã]ÊÏ���Ê�£


��V�8À�Íi0�+ÀiV�>À}iÊ­
0+® ää£ 0LÝÀÊ£{�Ã]ÊÔ���Ê�£

8À�Íi0�+ÀiV�>À}iÊ­80+® äää 0À`�Ê£���Ê�£

�VÍ�Ü>Íi0�+ÀiV�>À}iÊ­�0+® ä££ä 0À>ÃÊ{��Ã]ÊÇ���Êq£

-ivÀiÃ��ßV�iÊ­-�® £ää£ 0ÀVÊÇä�ÃÊ����Ê�£

�>Ã�>Íi�VßÊ­��® ä£ä �>Ã�>Íi�VßÊÔ
 �`i äää££äääää ÔÊ����ÀÊ-i}Ê³Ê��Ô
-ivÀiÃ���>L�i £

-ivÀiÃ���Ö�Í ä££££ää È{xÈÈÊ-ivÀiÃ�ÊVÉÃ

�����������������������������������������������������
��3OHDVH�QRWH�����0+]�0&ON�LV�SURYLVLRQDO�
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�°Ô°Ï £Ôx �ãÔÉÊ ��-#!Ê 0{n��£ £È�£�n�Ê.
-� ÊÉÍ�Í>�Ê.
-� 
£È 

)RU�D�3(50(',$�GHYLFH�UXQQLQJ�ZLWK�DQ�0&ON�RI����0+]��ILWWHG�ZLWK������0ELW���[����[���[��
6'5$06�DUUDQJHG�LQWR���%ORFN�

Table 9.3  125MHz/MICRON MT48LC1M16A1-8A SDRAM /total SDRAM 16MB

�``ÀiÃÃ��}Ê+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
���Ö���``ÀiÃÃ £äää n
-�Ý�``ÀiÃÃ £ä££ ££

>���``ÀiÃÃ äää£ £Ê�É

���«.i�iVÍ äää£ £Ê­£Ê
��V�Ã®
+>}i.�ãi ää££ ÏÊ­ÔxÈ®
-i}���.�ãi ££ä£ £{Ê­ÊnÊ 
®
���L��i
>��Ã ä ÔÊrÊ£Ê
��V�ÊÞÊÔ
>��Ã
��ÍiÀ�i>Üi ä 2�>Ü>��>L�iÊ���ßÊ£ÊL��V�
�>�v8�`Í� ä 2�>Ü>��>L�iÊ£ÔnÊL�Í

�Ö�VÍ���>��ÍßÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
!�+ÀiV�>À}i#«Í ä +ÀiviÀÀi`
.«iV�>� �`i#«Í £ +ÀiviÀÀi`
0Ý�����À
��V����� ä 2�>Ü>��>L�i
!�8À�Íi >Ã� £ 2�>Ü>��>L�i
!�
��V����� £ 2�>Ü>��>L�i
!�������i>` ä +ÀiviÀÀi`

0����}Ê>�`Ê �`iÊ+>À>�iÍiÀÃ 7>�ÖiÊ­L��>Àß® ����i�Í
0ÖÀ�#�Ê­
��V�ÊÍ�Ê
��V�Ê-i>`® ä£ 0�ãÊÇ�Ã
0ÖÀ�#vvÊ­-i>`ÊÍ�Ê8À�Íi® ä£ 0�ãÊÇ�Ã
-i}�ÃÍiÀ��>`Ê­-�® ä£ 0�À`ÊÔ���Ê�£

��V�8À�ÍiÊ­
8® ää !�
�VÍ�Ü>Íi0�����>�`Ê­�0�® ä££ 0ÀV`ÊÏä�Ã]Ê{���Êq£
+ÀiV�>À}i0��VÍ�Ü>ÍiÊ­+0�® ä££ 0À«ÊÏä�Ã]Ê{���Ê�£

��V�8À�Íi0�+ÀiV�>À}iÊ­
0+® äää !�
8À�Íi0�+ÀiV�>À}iÊ­80+® äää 0ÝÀÊ£���Ê�£
�VÍ�Ü>Íi0�+ÀiV�>À}iÊ­�0+® ä££ä 0À>ÃÊxä�Ã]ÊÇ���Êq£
-ivÀiÃ��ßV�iÊ­-�® £ää£ 0ÀVÊnä�ÃÊ£ä���Ê�£
�>Ã�>Íi�VßÊ­��® ä£ä �>Ã�>Íi�VßÊÔ
 �`i ääää£äääää ��Ô
-ivÀiÃ���>L�i £
-ivÀiÃ���Ö�Í ä££££ää È{xÈÈÊ-ivÀiÃ�ÊVÉÃ

�����������������������������������������������������
��3OHDVH�QRWH�����0+]�0&ON�LV�SURYLVLRQDO�
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Timing Diagrams

7KH�IROORZLQJ�WLPLQJ�GLDJUDPV�VKRZ�VSHFLILF�RSHUDWLRQV�RI�WKH�PHPRU\�FRQWUROOHU�

.��}�iÊ-i>`ÊÝ�Í�Ê+ÀiV�>À}iÊJÊ��ÊrÊÔ]Ê+0�ÊrÊÔÊÊ�0�ÊrÊ£
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 Ö�Í�«�iÊ-i>`ÃÊÍ�Ê.>�iÊ
>��ÊJÊ��ÊrÊÔ]Ê+0�ÊrÊÔÊ]Ê�0�ÊrÊ£
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.��}�iÊ8À�ÍiÊÝ�Í�Ê+ÀiV�>À}iÊJÊ+0�ÊrÊÔ]Ê�0�ÊrÊ£
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 Ö�Í�«�iÊ8À�ÍiÃÊÍ�Ê.>�iÊ
>��ÊJÊ+0�ÊrÊÔ]Ê�0�ÊrÊ£

Data2Data1Data0MemData127-0
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-ivÀiÃ�Ê�����Ýi`ÊLßÊ�VViÃÃÊJÊ-�ÊrÊ{]Ê+0�ÊrÊÔ]Ê�0�ÊrÊ£
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 Ö�Í�«�iÊ-i>`ÃÊ�À��Ê
�vviÀi�ÍÊ
>��ÃÊJÊ0ÖÀ�#�ÊrÊä]Ê��ÊrÊÏ
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 Ö�Í�«�iÊ-i>`ÃÊ�À��Ê
�vviÀi�ÍÊ
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-�.Ê ����Ö�Ê�VViÃÃÊ0����}ÊJÊ�0+ÊrÊ{
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