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3.5.2.12 - 4M, 8M, & 16M BY 16 FEEPROM with SDRAM Interface . ..... Release 11 ... Page 3.5.2-3

3.5.2.13 - 128Mb TO 4Gb Density FEEPROM, User Selectable as X8 OR X16 in SSOP Release 11 ... Page 3.5.2-4
3.5.2.14 - SINGLE-SUPPLY 16Mb AND 32Mb (x16/x32) FEEPROM IN 80-PIN PQFP . Release 12 ... Page 3.5.2-4

3.5.2.15 - 128Mb TO1Gb(x8/x16) FEEPROM IN 64-BALL LBGA ........ Release 14 ... Page 3.5.2-4
3.5.2.16 - 28Mb TO 1Gb (x8/x16) FEEPROM IN 64-BALL LBGA ....... Release 14 ... Page 3.5.2-4
3.5.2.17 - 16Mb TO 512Mb (x8/x16) FEEPROM IN 52-PINTSOPII . ... . Release 14 ... Page 3.5.2-4
FIGURE 3.5.2-1, 4K TO 32K BY 16 EEPROM FAMILY INDIP .................. Releaset ....... Page 3.5.2-5
FIGURE 3.5.2-2, 4K TO 256K BY 16 EEPROM FAMILY INSCC ......... e Releasei ....... Page 3.5.2-6
FIGURE 3.5.2-3, 4M TO 128M BY 16 EEPROM FAMILY INDIP ANDSOG .. ....... Release2 ....... Page 3.5.2-7
FIGURE 3.5.2-4, 256K TO 2M BY 16 EEPROM FAMILY IN BIP AND 80G ......... Release6 ....... Page 3.5.2-8
FIGURE 3.5.2-5, 1M TO 4M BY 16 DS EEPROMINSSOP .............. Release 6 ... .... Page 3.5.2-9
FIGURE 3.5.2-6, 1M TO 4M DENSITY BY 8 OR16 FEEPROM IN PSOP .. Release7 ...... Page 3.5.2-10
FIGURE 3.5.2-7, 1M TO 32M DEBSITY BY 8 OR16 FEEPROM IN PSOP . Release7 ...... Page 3.5.2-11
FIGURE 3.5.2-8, 512K TQ 2048K X 8, 256K TO 2048K X 16, Dual Supply Flash EEPROM
IN'8 X 6 GRID Micro BGA Package .............................. Release 9 ...... Page 3.5.2-12 -
FIGURE 3.5.2-9, 2048K & 8192K X 8, 1024K & 4096K X 16, Dual supply Fiash EEPROM
IN 8 X 9 GRID Micro BGA Package .............................. Release 9 ...... Page 3.5.2-13
FIGURE 3.5.2-10, FEEPROM/SRAM Mixed Technology, Multi Chip Device ........ Release 10r11  Page 3.5.2-14=19
FIGURE 3.5.2-11, 4M TO 84M BY 16 FEEPROM INTSOP1 ...........co0vh el Releass 11 ... .. Page 3.5.2-20
FIGURE 3.5.2-12, 32Mb TO 1Gb Density BY 16 FEEPROM INBGA . ............. Release 11 ... .. Page 3.5.2-21
FIGURE 3.5.2-13, 4MTO 16M BY 16 FEEPROM With SDRAM Interface In TSOP2 ... Release 11 .. ... Page 3.5.2-22
FIGURE 3.5.2-14, 4M TO 16M BY 16 FEEPROM With SDRAM Interface in FGBA .. .. Release 11 ..... Page 3.5.2-23
FIGURE 3.5.2-15, 128Mb TO 4Gb FEEPROM, user seleciable as X8 or X16 in SSOP . Release 11 ... .. Page 3.5.2-24
FIGURE 3.5.2-16, SINGLE-SUPPLY 16Mb AND 32Mb (x16/x32) FEEPROM
INBO-PIN PP . . e i i e e Release 12 ..... Page 3.5.2-25
FIGURE 3.5.2-17, 128Mb TO 1Gb (x8/x16) FEEPROM IN 64-BALLIBGA ......... Release 14 ..... Page 3.5.2-26
FIGURE 3.5.2-18, 128Mb TO 1Gb (x8/x16) FEEPROM IN 64-BALLTFBGA ........ Release 14 ..... Page 3.5.2-27
FIGURE 3.5.2-19, 16Mb TO 256Mb {x8/x16) FEEPROM N 56-PIN TSOP Il ........ Release 14 .. ... Page 3.5.2-28
3.5.3 EEPROM EXTENDED FEATURES ............cciviciinnennnrnns Release 1 .... Page 3.5.3-1
3.5.3.1 - EXTENDED FEATURE SET FOR 256Kb EEPRCM . .......... Release1 .... Page 3.5.3-3
3.5.3.2 - DUAL SUPPLY EEPROM COMMAND SET .............. ... Release 7 ... Page 3.5.3-13
3.5.3.3 - SINGLE SUPPLY EEPROM COMMAND CODES ............. Release 7 ... Page 3.5.3-14
3534 - EEPROMTOGGLEBITFEATURE .............cocviiiant Release 7 ... Page 3.5.3-15
3.5.35 - SYNCHRONOUS DRAM INTERFACE EEPROM (FLASH)
IN 86-PIN TSOP-2 AND 90-BALL FBGA ........... ... .... Release 12 .. Page 3.5.3-16
3.5.3.6 - EEPROM with Two SPD Software Write Protect Methods . .... Release 14 .. FPage 3.5.3-19
3.6 Non volatile Random Access Memory (NVRAM) .................... Release1 ...... Page 3.6-1
3.6.1 NVRAM, Nibble Wide . ........... coiisvinnmciiinarcninnaernnns Release1 ...... Page 3.6-3
3.6.1.1 - . 2BK&1KBY4NVRAMINDIP . ..., Release 1 ...... Page 3.6-3
3.6.2 NVRAM,BYTEWIDE .........c0.0unn et ieeeairrararaeaaas Releaset ...... Page 3.6-3
3621-5K 1KBY8BNVRAMINDIP ... Release 1 ...... Page 3.6-3
36.22- BK&1KBYBNVRAMINRCC ...........coviiiiiiin sy Released ...... Page 3.6-3
3.6.23- 5BKTO16KBY 8NVRAM FAMILY INDIP . ..............c0vh Release1 ...... Page 3.6-3
3.6.2.4 - BKTO 16K BY BNVRAM FAMILY INRCC ................ ... Release1 ...... Page 3.6-3
3.6.25-32KTO 256K BY 8 NVRAM FAMILY INSOJ, ............ ..t Release1 ...... Page 3.6-3
3.8.2.6 - 32K TO 256K BY 8 NVRAM FAMILY INDIP, ............ooolt Release 1 ...... Page 3.6-3
3.6.2.7 - 16K TO 128K BY 9 NVRAM FAMILY INDIP, . .............. ... Release 1 ...... Page 3.6-3
Release 14 '

XILINX EXHIBIT 1015
Page 7




JEDEC Standard No. 21-C

Section Release # Page # (\
FIGURE 3.6-1, 25K & 1KBY 4 NVRAMINDIP . ....... .. ... ... oin. Release 1 ........ Page 3.6-5
FIGURE 3.6-2, BK & IKBYSNVRAMINDIP .. ...... ... ... ... i, Release 1 ........ Page 3.6-6
FIGURE 3.6-3, SK & IKBY 8 NVRAMINRCC ............ [P Release 1 ........ Page 3.6-7
FIGURE 3.6-4, .5K TO 16K BY 8 NVRAM FAMILYINDIP ..................... Release 1 ........ Page 3.6-8
FIGURE 3.6-5, .5K TO 16K BY 8 NVRAM FAMILYINRCC .............. e Release 1 ........ Page 3.6-9
FIGURE 3.6-6, 32K TO 256K BY S NVRAM FAMILY INSQJ .. .................. Release 1 ... .... Page 3.6-10
FIGURE 3.6-7, 32K TO 256K NY 8 NVRAM FAMILY INDIP ... ........... ..... Release 1 ....... Page 3.6-11
FIGURE 3.6-8, 16K TO 128K BY 9 NVRAM FAMILY INDIP . ... .........cv .ot Release 1 ....... Page 3.6-12

3.7 Static Random Access Memory (SRAM) ...........ccciiiiiirianne Release 1 ...... Page 3.7-1
3.7.1 - JTAG Extension to Revolutionary Pinout SRAM Devices ....... Release 4 ...... Page 3.7-1
FIGURE 3.7-1, JTAG ADDITION TC REVOLUTIONARY PINOUTSRAM .......... Relsase 4 ........ Page 3.7-3
FIGURE 3.7-2, State Diagram for Pipelined-Burst SRAM ...................... Release 7 ........ Page 3.7-4
371 BitWide TTLSRAM . ... .iiiiiiiiiairtiansninarsasarnnssasens Release 1 .... Page 3.7.1-1
3.711- 28K &1KBY 1 TTLSRAMINDIP ... oot Release 1 .... Page 3.7.1-3
3.71.2- 258K & 1TKBY1TTLSRAMINSCC ............cvviiinnn. Release 1 .... Page 3.7.1-3
3.71.3-4KTO2M BY 1 TTL SRAM FAMILY INDIP ..... S Release 1 .... Page 3.7.1-3
3714 -18KBY1TTILSRAMINRCC ......... .. .o s, Release 1 .... Page 3.7.1-3
3.71.5-64KBY 1 TTLSRAMINRCGC ... .. e e Release 1 .... Page 3.7.1-3
3716-1BKTOZ2MBY1TILSRAMINSOJ ................ceiot. Release 5 .... Page 3.7.1-3
3.7.1.7 - 256K TO 16M BY 1 TTL SRAM AND 4M BY 1 SSRAM

INDIP, SOJ, AND TSOP-2 ... i i Relpase 4 ..., Page 3.7.1-3
3.718-256KBY 1 TTLSRAMINRCC ... . o e Release 1 .... Page 3.7.1-3
3.7.1.8 - 4M AND 16M SRAM, CONFIGURABLE TO X1 CR X4

INDIP, SOJ, AND TSOP-2 ... .. i Release 4 . ... Page 3.7.1-3

FIGURE 3.7.1-1, 0.25K & 1K BY 1 TTLSRAM INDIP ....... e Release 1 ....... Page 3.7.1-5 -
FIGURE 3.7.1-2,0.25K & 1KBY t TTLSRAMINSCC . ....................... Release1 ....... Page 3.7.1-6 (
FIGURE 3.7.1-3, 4K TO 2M BY {1 TTLSRAM FAMILY INDIP ................... Release 1 ....... Page 3.7.1-7
FIGURE 3.7.1-4, 16K BY 1 TTLSRAMINRCC ............ .ot Release 1 ....... Page 3.7.1-8
FIGURE 3.7.1-5, 64K BY 1 TTLSRAMINRCC ......... ... ..., Release 1 ....... Page 3.7.1-9
FIGURE 3.7.1-6, 16K TO2M BY 1 TTLSRAMINSCJ AND TSOP-2 .. ........... Release 5 ...... Page 3.7.1-10
FIGURE 3.7.1-7, 256K TO 16M BY 1 TTL SRAM AND SSRAM FAMILY
INDIP, TSOP2, AND SOJ . ... oo i ns Release 4 ... ... Page 3.7.1-11
FIGURE 3.7.1-8, 266K BY i TTLSRAMINRCC ...............cov i .. Release 1 ... ... Page 3.7.1-12
FIGURE 3.7.1-9, 4M AND 16M CONFIGURABLE SRAM IN DIP, TSOP2, AND SOJ .. Released ...... Page 3.7.1-13
3.7.2BitWiIde ECLSRAM .. ... ... ... . icieiiiiinieritnrianassrnnes Release1.... Page 3.7.2-1
3.7.21 - 1K TO 256K BY 1 ECL SRAM FAMILY INDIP . ............... Reigase 1 .... Page 3.7.2-3
3.7.2.2 - 256K TO 16M BY 1 ECL SRAM AND 4M BY 1 SSRAM '

INDIP, SOJ, AND TSOP-2 .. ... Release 4 .... Page 3.7.2-3
3.7.2.3 - 64K AND 256K BY 1 ECL SRAM INFLATPACK ............... Release 2 .... Page 3.7.2-3
3.7.2.4 - 256K TQO 16M BY 1 ECL. SSRAM FAMILY

IN DIF, SCJ, AND TSOP-2 ... ... e Release 4 .... Page 3.7.2-3

FIGURE 3.7.2-1, 1K TO 256K BY 1 ECLSRAM FAMILY INDIP .. ............... Release 1 ....... Page 3.7.2-5
FIGURE 3.7.2-2, 256K TO 16M BY 1 ECL SRAM AND SSRAM FAMILY
INDIP, TSOP2, &80d ... ..o Released ....... Page 3.7.2-6
FIGURE 3.7.2-3, 64K AND 256K BY 1 ECLSRAM INFP .. .......... ... .. ... Release 2 ....... Page 3.7.2-7
FIGURE 3.7.2-4, 256K TO 16M BY 1 ECL SSRAM FAMILY IN DIP, TSOP2, &S0J ... Release4 ....... Page 3.7.2-8
3.7.3 Nibbie Wide TTLSRAM .......iiiieesiarnrrnsanrsrssnnansansss Release1.... Page 3.7.3-1
3.7.3.1 - 16 BY 4, INVERTING AND NON INVERTING TTL SRAM

INDIP & SCC ... e e e e e e Release 1 .... Page 3.7.3-3
3.7.32- 258K BY 4 TTLSRAMINDIP&RCC ............. ... o.n Release 1 .... Page 3.7.3-3
3.733-256BY4TTLSRAMWITHGINSCC . ........ ... ... o0t Release 1 .... Page 3.7.3-3
3.7.3.4 - 4K TO 64K BY 4 TTL SRAM WITHOUT G FAMILY INDIP ... ... Release 1 .... Page 3.7.3-3 (\/
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3.735-4KBY4TTILSRAMINRCC ...t eciniiiinees Release1 ....
3.736-4KTOIMBY 4 TTL SRAMWITHG FAMILY INDIP ........... Release1 ....
3.7.3.7 - 16K TO 256K BY 4 TTL SRAM WITH AND WITHOUT G FAMILY

VI = (0 O U Release 1 ....
3.7.38- 16K &B4KBY4TTLSRAMINRCC ............cciiivienn o Release1 ....
3,7.3.9 - 4K TO 1M BY 4 TTL SRAM WITH AND WITHOUT G FAMILY

INSOJANDTSOP-2 ...ttt Release 5 ... .
3.7.3.10 - 84K TO 4M BY 4 TTL SRAM IN DIP, SOJ, AND TSOP-2 ..... Release 4 ....
3.7.3.11 - 64K TO 4M BY 4 TTL SRAM WITH SEPARATE DATA I/O

INDIP, SOJ, AND TSOP-2 ... ... it i ia s Release 4 ... .
3.7.3.12 - 64K TO 4M BY 4 SYNCHRONOUS SRAM (SSRAM)

INDIP, SOJ, AND TSOP-2 .. ittt ciries Release 4 .. ..
3.7.3.13 - 4K AND 16K BY 4 CACHE TAG SRAM IN DIP AND SOJ...... Release1 ....
3.7.3.14 - 4M AND 18M SRAM, CONFIGURABLE TO X1 OR X4

INDIP AND SOU ... oi ittt i eie e e anninas Release1 ....

FIGURE 3.7.3-1, 16 BY 4 INVERTING AND NON-INVERTING TTLSRAM INDIP ... Release 1
FIGURE 3.7.3-2, 16 BY 4 INVERTING AND NON-INVERTING TTL SRAM IN SCC ... Release1

FIGURE 3.7.3-3, 286 BY A TTLSRAMINDIP .. ... ..o Release 1
FIGURE 3.7.3-4,256 BY 4 TTLSRAMINRCC .........cooovvvniiin et Release 1
FIGURE 3.7.3-5,256 BY A TTLSRAMINSCC .............coiiiiiinn Release 1
FIGURE 3.7.3-6, 4K TO 64K BY 4 TTL SRAM FAMILY WITHOUTGINDIP ........ Release 1
FIGURE 3.7.3-7,4KBY4TTLSRAMINRCC .............coiiiniiiians Release 1
FIGURE 3.7.3-8, 4K TO 256K BY 4 TTL SRAM FAMILY WITH G IN DIP ......vvet Release 1
FIGURE 3.7.3-9, 16K TO 256K BY 4 TTLSRAM FAMILY INRCC .. .............. Release 1

FIGURE 3.7.3-10, 16K & 64K BY A TTLSRAMINRCC .................. ..., Release 1
FIGURE 3.7.3-11, 4K TO 1M BY 4 TTL SRAM WITH AND W/O G IN SOJ AND TSOP-2 Release 1
FGURE 3.7.3-12, 64K TO 4M BY 4 TTL SRAM FAMILY IN DIP, TSOP2, AND SOJ ... Release 4
FIGURE 3.7.3-13, 64K TO 4M BY 4 TTL SRAM FAMILY WITH SEPARATE DATA I/0

IN DIP, TSOP2, AND SO . .« v e eeeee e e et aeeae e eeeiens Release 4
FIGURE 3.7.3-14, 84K TO 4M BY 4 SYNCHRONOUS SRAM (SSRAM) FAMILY
IN DIP, SOJ AND TSOP-2 . .ot i i e aan Release 4
FIGURE 3.7.3-15, 4i AND 16K BY 4 CACHE TAG SRAM INDIPAND SOJ ........ Release 1
3.7.4Nibble Wide ECLSRAM .......cccinrunenanrrracnsunnasnnrsrns Release1 ....
3.7.4.1 - .25K AND 1K BY 4, 100K ECL SRAM IN DIP AND SFP ........ Release 1 ...
3.742 - 1K TO 18K BY 4, 10K & 100K ECLSRAMINDIP ............. Release 1 ....
3.7.4.3 - 25K TO 16K BY 4, 10K & 100K ECL SRAM FAMILY IN DIP . ... Heleasel ....
3.74.4 - 16K BY 4,10K & 100K ECLSSRAMINDIP ............ ... ... Release1 .. ..
3.7.4.5 - 64K TO 4M BY 4 ECL SRAM IN DIP, SQJ, AND TSOP-2 ...... Release 4 ....
3.7.4.6 - 64K TO 4M BY 4 ECL SRAaM WITH SEPARATE DATA /O
INDIP, SOJ, AND TSOP-2 ... ottt i Release 4 .. ..
, 3.7.4.7 - 64K TO 4M BY 4 ECL SYNCHRONOUS SRAM (SSRAM)
INDIP, SOJ, AND TOOP-2 . it nas Release 4 . ...
3.748-64KBY4ECLSRAMINFP ... .. it cii e Release 2 . ...

3.7.4.9 - 256K BY 4/512K BY 2 RECONFIGURABLE SRAM IN DIP & SOJ Release 2 .. . .

3.7.4.10 - 64K TO 4M BY 4 SRAM FAMILY IN DIP AND SCJ

INDIP, SOJ, ANDTSOP-2 ... . Release 4 . ...
3.7.4.11 - 64K TO 4M BY 4 SSRAM FAMILY IN SIP AND SOJ
INDIP, SOJ, AND TSOP-2 ... i Release 4 .. ..
3.7.4.12 - 64K TO 4M BY 4 SSRAM FAMILY IN SIP AND SOJ
: INDIP, SOJ,AND TSOP-2 . ... e Release 4 . . ..
FIGURE 3.7.4-1, 256 BY 4, 100K ECL SRAM IN DIP,
1K TO 16K BY 4, 10K & 100K ECLSRAMINDIP .. ........ccooiin s Release 1
FIGURE 3.7.4-2, 256 & 1K BY 4, 100K ECLSRAMINSFP .................... Release 1

FIGURE 3.7.4-4, 0.25K TO 16K BY 4, 10K & 100K ECL SRAM FAMILY INDIP .. .... Release 1
Release 14 '
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FIGURE 3.7.4-5, 16K BY 4, 10K & 100K ECL SSRAM IN DIP Release 1
FIGURE 3.7.4-6, 64K TO 4M BY 4 ECL SRAM FAMILY IN DIP, SOJ, AND TSOP-2 ... Release 4
FIGURE 3.7.4-7, 64K TG 4M BY 4 ECL SRAM WITH SEPARATE I/0 FAMILY

Release #

FIGURE 3.7.4-9, 64K BY 4 ECLSRAM INFP ... it e enns Release 2
FIGURE 3.7.4-10, 256K BY 4 or 512K BY 2 CONFIGURABLE ECL SRAM

INDIP AND SOJ .. i i ia ettt Release 2
FIGURE 3.7.4-11, 64K TO 4M BY 4 BIT SELECTABLE ECL SRAM FAMILY

INDIP, SO, AND TSOP-2 . . i it ettt naas Release 4

FIGURE 3.7.4-12, 64K TO 4M BY 4 ECL SSRAM FAMILY IN DIP, SOJ, AND TSOP-2 . Release 4
FIGURE 3.7.4-13, 64K TO 4M BY 4 BIT SELECTABLE ECL SSRAM FAMILY

INDIP, SOJ, AND TSOP-2 .. .o ii i e ei i e Release 4
37.5ByteWide TTLSRAM ..c..cciiiiiii ittt csatnissnnsines Release 1 ....
3751 -64BYSTTLSRAMINSCC ... ... i i i r e ens Release 1 .. ..
3752-1K&2KBYBTTLSRAMINDIP ........c i Release 1 ....
3753-2K&4KBYSBSTTLSRAMINRCC ....... .. oo ii e Release1 ....
3754-2KTO32KBYSTTLSRAMFAMILY INDIP&SOJ, ........... Release 1 . ...
3.755- 5KTO32KBY BTTLSRAMFAMILY INRCC ................ Release 1 . ...
3.7.5.6 - 32K TO 512K BY 8 TTL SRAM FAMILY IN SOJ or TSOP-2, .... Release4 ....
3.757-64KTO512KBY B TTLSRAMFAMILY INDIP, ............... Release 1 . ...
3.7.58-32KTO 256K BY 9 TTL SRAMFAMILY INDIP, ............... Release 1 . ...
3.7.5.9~ 32KTO 2M BY 8 AND 512K TO 2M BY 9 TTL. SRAM
INDIP, SOJ, AND TSOP-2 ... .. i it iieiecaaan Release 4 . ...
3.7.510 - 32K and 128K BY 8 TTL SSRAM INDIPAND SOJ ........... Release 1 . ...
3.7.511 - 2K TO 32K BY 9 DPSRAM FAMILY IN68 SCC .............. Release 1 ....
3.7.512-32KBY 9 CACHE SRAMIN 44 SCC .................ve Release 2 .. ..
3.7.513-128KBY 8 SRAMINTSOPT .. ... . . i Release 2 .. ..
3.7.514 - 128KBYB&9SSRAMINSOJ ... Release 2 .. ..
3.7.5.15 - 1K AND 2K BY 8 DPSRAM FAMILY IN48DIP ............... Release 2 . ...
3.7.5.16 - 128K TO 512K BY 8 SRAM FAMILY IN32CDSO-N.......... Release 3 .. ..
3.7.5.17 - 128K TO 512K BY 8 & 9 SSRAM AND 128K BY 9 SRAM
INSBDIP AND SOJ .. et e e Release 3 .. ..
3.7.5.18 - 128K TO 2M BY B/S BURST SRAMINBGA ................. Release 5 .. ..
3.7519- 128K TO2MBY B/ SSRAMINBGA ...............covinnn Release s . ...
3.7.5.20-32KBY 8 SRAMINTSOPT ..........oii e e Release 7 .. ..

3.7.5.21 - 128K TO 16M BY 9 SYNC SEPARATE |/O SRAM IN 209 BGA . Release 12 . ..
3.7.5.22 - 128K TO 16M BY 9 SYNC SEPARATE I/O SRAM IN 221 BGA . Release 12 . ..

FIGURE 3.7.5-1, 64 BY 8SRAM INSCC . oottt e e Release 1
FIGURE 3.75-2, TK& 2KBY B TTLSRAMINDIP . .. ..ottt ieennn Release 1
FIGURE 3.7.5-3, 2K & 4K BY 8 TTLSRAMINRCC ......ooovvriiirenenennn. Release 1
FIGURE 3.7.5-4, 2K TO 32K BY 8 TTL SRAM FAMILY INDIP&SOJ ............. Release 1
FIGURE 3.7.5-5, 0.5K TO 32K BY 8 TTLSRAM FAMILY INRCC ................ Release 1
FIGURE 3.7.5-6, 32K TO 512K BY 8 TTLSRAM FAMILY INSOJ ................ Release 4
FIGURE 3.7.5-7, 64K TO 512K BY 8 TTLSRAM FAMILYINDIP . . . ... ........... Release 1
FIGURE 3.7.5-8, 32K TO 256K BY 9 TTL SRAM FAMILYINDIP . . ............... Release 1

FIGURE 3.7.5-9, 32K TO 2M BY 8 AND 9 TTL SRAM FAMILY IN DIP, TSOP2, AND SOJ . Release 4

FIGURE 3.7.5-10, 32iK AND 128K BY 8 TTL SSRAM IN DIP, TSOP2, AND 504 .. ... Release 4
FIGURE 3.7.5-11, 2K TO 32K BY 9 DPSRAM FAMILY INSCC .................. Relsase 1
FIGURE 3.7.5-12, 32K BY 9 TTLCACHE SRAMINSCC ........... ... es. Release 2
FIGURE 3.7.5-13, 128K BY 8 TTLSRAMINTSOP1 ............ ..ot Release 2c9
FIGURE 3.7.5-14, 128KBY 8 & 9 TTLSSRAMINSOJ ........... ..ol Release 2
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FIGURE 3.7.5-15A, 1K AND 2K BY 9DPSRAMINDIP ...........oiivniinnen. Release 2
FIGURE 3.7.5-15B, 1K AND 2K BY 9 DPSRAM TRUTHTABLE ................. Release 2
FiGURE 3.7.5-16, 128K TO 512K BY 8SRAMINCDSO-N ................cv Release 3
FIGURE 3.7.5-17, 128K AND 512K BY 8 & 9 SSRAM AND 128K BY 9 SRAM

INDIP, TSOP2, &S0J .. ..ot i e e Release 4
FIGURE 3.7.5-18 - 128K TO 2M BY 8/9 BURST SRAMINBGA .......... Release 5
FIGURE 3.7.5-19 - 128K TO 2M BY 8/9 SSRAM BGAINBGA ........... Release 5
FIGURE 3.7.5-20 - 128K TQO 2M BY 8/9 SSRAM BGA

BOUNDRY SCANORDER ........c..ci i Release 5
FIGURE 3.7.5-21 - 32KBY 8 SRAMINTSOP2 ... ian. Release 7
FIGURE 3.7.5-22 - 1Mb - 128Mb (x9) Sync Separate /O SRAM in 208 BGA ....... Release 12
FIGURE 3.7.5-23 - 1Mb - 128Mb {x8) Sync Separate IO SRAM in 221 BGA ...... - Release12

3.7.6Byte Wide ECL.SRAM ..........c.ocviiiariniinnannerimeannn Release T ....

3.7.6.1 - 32K and 128K BY 8 ECL SSRAM IN SQJ, SSOP ANDFP ..... Release 2 ... .

FIGURE 3.7.8-1, 32K AND 256K BY 9 ECL SSRAM IN SOJ, SOP, ANDFP ........ Release 2

3.7.7WordWide TTL SRAM .........iivriimmmnarinrmantanses erneens Release 11

37.71-4KTOB4KBY 16 TTLSRAMINDIP ...........ccvi et
3.7.7.2-4KTO256KBY 16 TTLSRAMINSCC ... ... ccoiiviieint Release 1 .. ..
3.7.7.3 - 16K TO 256K BY 16 ADDRESS/DATA MX TTL SRAMINDIP ... Release1 ....
3.7.7.4 - 16K TO 256K BY 16 ADDRESS/DATA MX TTL SRAM IN RCC... Releasei ....
3.7.7.5-16K AND 64K BY 18 SRAMINSCC ...... ...t riinn Release 1 . ...
3.77.6-64KBY 16 & 18SRAMINA44 SOJ . ...t Release 3 . ...
3.7.7.7 - 32K AND 64K BY 16 & 18 SRAM AND SSRAM

IN52 SCCWITHLOGICFEATURES ......cvov v in Release 4 .. ..
3.7.7.8 - 64K TO 256K BY 18 SRAM & SSRAM INTQFP ....... e . Release§ ....
3.7.7.9 - 64K TO 1M BY 16/18 BURST SRAMINBGA .......... e Release 5 .. ..
3.7.7.10 - BAK TOTM BY 16/18 SSRAM INBGA . ...........ooov e Release 5 .. ..
3.7.7.11 - 64K TO 256K BY 16/18 BURST SRAM IN QFP/TQFP ....."... Release 6 .. ..
3.7.7.12 - 256K AND 1M BY 16/18 SRAMINTSOP2 .................. Release 6 ....
3.7.7.13 - tMb TO 128Mb Density, BY 16 OR 18 BURST SRAM IN 221 BGA ....... Release 11 ...
3.7.7.14 - 1Mb TO 128Mb Density, BY 16 OR 18 SIGMA SRAM IN 209 BGA,

With Common O ...t i e e e it Release 11 ...
3.7.7.15 - 1Mb TO 128Mb Density, BY 16 OR 18 SIGMA SRAM IN 221 BGA,

withCommon lfQ ... ... i i e Release 11 ...

3.7.7.16 - 1Mb TO 128Mb Density, BY 18 SIGMA SRAM IN 209 BGA, with Separate /O Release 12 ...
3.7.7.17 - 1Mb TO 128Mb Densily, BY 18 SIGMA SRAM IN 221 BGA, with Separate IfO Release 12 . ..
3.7.7.18 - 8Mb TO 128Mb Density, BY 18 SRAM IN 165 BGA, with Separate [/O .. ... Release 12 ...

3.7.7.19 - 2Mb TO 256Mb Density, BY 16 or 18 Burst SRAM IN 165 BGA,

withCommon O .. .. i it e Release 12 ...
3.7.7.20 - 2Mb TO 256Mb Density, BY 16 or 18 Network SRAM IN 165 BGA,
withCommon O .. .. i i i i e Release 12 . ..
3.7.7.21 - 52-Pin TSOP 1l Pin Assignment for Low Power SRAMs ............... Release 14 ...
FIGURE 3.7.7-1, 4K TO 64K BY 16 TTLSRAM FAMILY INDIP ................. Release 1
FIGURE 3.7.7-2, 4K TO 256K BY 16 TTLSRAM FAMILY INRCC .. .. ............ Release 1
FIGURE 3.7.7-3, 16K TO 256K BY 16 ADDRESS/DATA MX SRAM FAMILY INDIP ... Release 1
FIGURE 3.7.7-4, 16K TO 256K BY 16 ADDRESS/DATA MX SRAM FAMILY INRCC .. Release 1
FIGURE 3.7.7-5, 16K AND 84K BY 18 SRAMINSCC ............c.oininnnn Release 1
FIGURE 3.7.7-6, 64K BY 16 & 18 SRAMINSOJ .............. e Release 3

FIGURE 3.7.7-7 A, 32K & 64K BY 16 & 18 SRAM AND SSRAM WITH LOGIC FEATURES

|3 = - O PR Release 4
FIGURE 3.7.7-7 B, WRITE CLOCK TIMING FOR SSRAM WITH BUFIST MODE .. ... Release 4
FIGURE 3.7.7-8, 64K TO 256K BY 18 SRAM AND SSRAM IN TQFF ..... Release 5
FIGURE 3.7.7-9, 84K TO 1M BY 16/18 BURST SRAM BGA PADOUT ..... Release 5
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Section Release #
FIGURE 3.7.7-10, 64K TO 1M BY 16/18 SSRAM BGA PADOUT ......... Release 5 . . .
FIGURE 3.7.7-11, 64K TO 1M BY 16/18 SSRAM BGA

BOUNDRY SCANORDER . ........ .o, Release 5¢§-. .
FIGURE 3.7.7-12, 64K TO 256K BY 16/18 BURST SRAMINTQFP ...... Release 6 . . .
FIGURE 3.7.7-13, 256K AND 1M BY 16/18 SRAMINTSOP2 ............ Release 6 . . .

FIGURE 3.7.7-14, 1Mb TO 128Mb Density, BY 16 OR 18 BURST SRAM IN 221 BGA  Release 11a
FIGURE 3.7.7-15, TMb TO 128Mb Density, BY 16 OR 18 SIGMA SRAM IN 209 BGA . Release 11a
FIGURE 3.7.7-16, 1Mb TO 128Mb Density, BY 16 OR 18 SIGMA SRAM IN 221 BGA . Release 11a

FIGURE 3.7.7-17, X18 SIGMA SRAM WITH SEPARATE /O IN209BGA .......... Release 12 ..
FIGURE 3.7.7-18, X18 SIGMA SRAM WITH SEPARATE /O IN221BGA .......... Release 12 ..
FIGURE 3.7.7-19, 8Mb - 128Mb Density in X18 SRAM WITH SEPARATE |70 -
IN B BGA ... i e e e Release 12 ..
FIGURE 3.7.7-20, 2 Mb - 256 Mb Density in X16/18 BURST SRAM
WITH COMMON JO IN185BGA ..., it iiiiiiiinineninnns Release 12 ..
FIGURE 3.7.7-21, 2 Mb - 256 Mb Density in X16/18 NETWORK SRAM
WITHCOMMON JOIN1BEBGA ... ...t ienennns Release 12 ..
FIGURE 3.7.7-22, 62-Pin TSOP i Pin Assignment for Low Power SRAMs ... ... .. Relsase 14 ..
3.7.8 Double Word Wide SRAM ..........c00vvinmrrsnnrerrrrsrranns Release 5 ...
3.7.8.1 - 32K TO 128K BY 386 SSRAM WITHBURSTINTQFP .......... Relgase 6 ....
3.7.82 - 32K TO 128K BY 36 SRAM & SSRAM INTQFP .............. Release 5 ...
3.7.8.3 - 32K TO 512K BY 32/36 BURST SRAM BGA PADOUT ......... Release5 .. ..
3.7.8.4 - 32K TO 512K BY 32/36 SSRAMBGAPADOUT .............. Release 5¢11 . ..
3.7.8.5 - 16K TO 36K BY 32 & 64 SSRAM With BURST Counter [N QFP . Release7 ....
3.7.86-16KTO 256K BY 36 & 72 BURST SRAMINBGA ............. Release 7 . ...
3.7.8.7 - 1Mb TO 128Mb Density, BY 32 OR 36 BURSTSRAMIN 221 BGA . ... .. ... Release 11 ...
3.7.8.8 - 1Mb TO 128Mb Density, BY 32 OR 36 SIGMA SRAM [N 209 BGA,
withCommonlfQ ... ... .. e Release 11 ...
3.7.8.9 - 1Mb TO 128Mb Density, BY 32 OR 36 SIGMA SRAM IN 221 BGA,
with Common 10 ... e Release 11 ...

3.7.8.10 - 1Mb TO 128Mb Density, BY 36 SIGMA SRAM IN 208 BGA, with Separate /O . Release 12
3.7.8.11 - 1Mb TO 128Mb Density, BY 36 SIGMA SRAM IN 221 BGA, with Separate /0 . Release 12
3.7.8.12 - 16Mb TO 256Mb Density, BY 36 SRAM IN 165 BGA, with Separate |/0 Release 12
3.7.8.13 - 8Mb TO 128Mb Density, BY 36 DDR SRAM IN 165 BGA, with Common /O . . . Release 12
3.7.8.14 - 2Mb TO 256Mb Density, BY 32 or 36 Burst SRAM IN 165 BGA, with Common I/ORelease 12
3.7.8.15 - 2Mb TO 256Mb Densily, BY 32 or 36 Network SRAM IN 165 BGA, with Common l/ORelease 12

FIGURE 3.7.8-1, 32K TO 128K BY 36 SSRAM WITH BURST IN TQFP .. Release 6c9 ..
FIGURE 3.7.8-2, 32K TC 128K BY 36 SRAM AND SSRAM IN TQFP ..... Release 5 . ..
FIGURE 3.7.7-3 - 32K TO 512K BY 32/36 BURST SRAM BGA PADOUT .. Release5 ...
FIGURE 3.7.7-4 - 32K TO 512K BY 32/36 SSRAM BGA PADOUT ....... Release 5 ...
FIGURE 3.7.7-5 - 32K TO 512K BY 32/36 SSRAM BGA

BOUNDRY SCANORDER . .......... ... .. Release 5 ...
FIGURE 3.7.8-6, 16K TO 36K BY 32 & 64 SSRAM With BURST Counter INQFP . ... Release? ...
FIGURE 3.7.8-7, 16K TO 256K BY 36 & 72 BURST SSRAM INBGA ..... Release 7 ...

FIGURE 3.7.8-8, 1Mb TO 128Mb Density, BY 32 OR 36 BURST SRAM IN 221 BGA . Release 11a
FIGURE 3.7.8-9, 1Mb TO 128Mb Density, BY 32 OR 36 SIGMA SRAM IN 209 BGA . . Release 11a
FIGURE 3.7.8-10, 1Mb TO 128Mb Density, BY 32 OR 36 SIGMA SRAM IN 221 BGA . Release Ha ..

FIGURE 3.7.8-11, X356 SIGMA SRAM WITH SEPARATE /O IN209BGA .......... Release 12 ..
FIGURE 3.7.8-12, X36 SIGMA SRAM WITH SEPARATE /O IN221 BGA .......... Release 12 ..
FIGURE 3.7.8-13, X36 SRAM WITH SEPARATE IfOIN 165BGA ................ Release 12 ..
FIGURE 3.7.8-14, X36 DDR SRAM WITH COMMON JJOIN165BGA ............. Release 12 ..
FIGURE 3.7.8-15, X32/36 BURST SRAM WiTH COMMON {/0 IN165BGA ........ Release 12 ..
FIGURE 3.7.8-16, X32/36 NETWORK SRAM WITH COMMON I/Q IN 165BGA . . .. .. Release 12 ..
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Section Release # Page #
3.7.9 Eight Byte Wide SRAM ..........ccoiciiniaiirnrnmrararinns Release 11a .. Page 3.7.9-1
3.7.9.1 - 1Mb TO 128Mb Density, BY 64 OR 72 BURST SRAM IN209BGA . ....... Release 11a ... Page 3.7.9-2
3.7.9.2 - 1Mb TO 128Mb Density, BY 64 OR 72 BURST SRAM IN221 BGA . ..... .. Release 11a ... Page 3.7.9-2
3.7.9.3 - tMb TO 128Mb Density, BY 64 OR 72 SIGMA SRAMIN209BGA ........ Release 11a ... Page 3.7.9-2
3.7.9.4 - 1Mb TO 128Mb Density, BY 64 OR 72 SIGMASRAMIN 221BGA ... ... .. Release 11a ... Page3.7.9-2
FIGURE 3.7.9-1, 1Mb TO 128Mb Density, BY 64 OR 72 BURST SRAM IN 209 BGA . Release 1a ...... Page 3.7.9-3
FIGURE 3.7.9-2, 1Mb TO 128Mb Density, BY 64 OR 72 BURST SRAM IN 221 BGA . Release 11a ...... Page 3.7.9-4
FIGURE 3.7.9-3, 1Mb TO 128Mb Density, BY 64 OR 72 SIGMA SRAM IN 209 BGA .. Release 11a ...... Page 3.7.9-5
FIGURE 3.7.9-4, 1Mb TO 128Mb Density, BY 64 OR 72 SIGMA SRAM IN 221 BGA .. Release 1a ...... Page 3.7.8-8
3.8 Pseudostatic Random Access Memory (PSRAM) .............. .-... Release1 ...... Page 3.8-1
3.8.1PSRAM,ByteWide .........criiiiiiiiin et iisir e ans Release1 ...... Page 3.8-3
3.81.1-2KTOBKBY 8PSRAMFAMILY INDIP . ... ns Release1 ...... Page 3.8-3
3.81.2-2KTO 16K BY 8 PSRAMFAMILY INRCC ..................., Relsase1 ... ... Page 3.8-3
3.813-32KTO 512K BY 8 PSRAMFAMILY INSOJ .......... ..ol Release1 ...... Page 3.8-3
3.8.2PSRAM, Word Wide ..........ccciiiiiiirerranannansanacasnaans Release 1 ...... Page 3.8-3
3821 -4KTO32KBY 16 PSRAMINDIP ........ovir it Release1 ...... Page 3.8-3
3.822-4KTO256KBY 16 PSRAMINSCC ......... ...t Release 1 ...... Page 3.8-3
FIGURE 3.8-1, 2K TO 8K BY 8 PSRAMFAMILY INDIP ... .............ccvtlt Release 1 ........ Page 3.6-4
FIGURE 3.8-2, 2K TO 16K BY 8 PSRAM FAMILY INRCC .. ................... Release1 ........ Page 3.8-5
FIGURE 3.8-3, 32K TO 512K BY 8 PSRAM FAMILY INSOJ ... ....... ... ..ot Release1 ........ Page 3.8-6
FIGURE 3.8-4, 4K TO 32K BY 16 PSRAM FAMILY INDIP .. .. ........ . coeett Release1 ........ Page 3.8-7
FIGURE 3.8-5, 4K TO 256K BY 16 PSRAM FAMILY INSCC ., .......... ..ot Release1 ........ Page 3.8-8
3.9 Dynamic Random Access Memory (DRAM) ..........cccovvninnanas Release1 ...... Page 3.9-1
3.0 1BIEWIde DRAM ....ooterei e aiariisiannnsnanseranrrnnaaanss Release 1 .... Page 3.9.1-1
3.9.1.1 - 16K BY 1 DRAM IN DIP WITH 3 SUPPLY VOLTAGES ......... Release 1 .... Page 3.9.1-3
3.8.1.2- 16K TO 256K BY 1 DRAM FAMILY INDIP ............ P Release 1 .... Page3.9.1-3
3.91.3-16KTO266KBY 1DRAMINRCC ...........cooiiiiinn Release 1 .... Page 3.9.1-3
3.91.4-B4K&2568KBY 1DRAMINZIP ... ... Release 1 .... Page 3.9.1-3
3.91.5- IMAND 4M BY 1 DRAM FAMILY INDIP ................ P Release 1 .... Page 3.9.1-3
3.91.6 - tMTO 16M BY 1 DRAM FAMILY INSCJORTSOP2 .......... Release 4 .... Page3.9.1-3
3.917-1MTO16MBY 1 DRAMFAMILY INZIP ..................0ts Release 4 .... Page3.9.1-3
3.9.1.8 - IMTO 16M BY 1 NON-MUX DRAM FAMILY INSOJ .......... Release1 .... Page3.9.1-3
3.91.9-1MBY TDRAMINTSOPT .. ... . ittt iiinaianes Release 1 .... Page 3.9.1-4
3.9.1.10 - 16M BY 1/4M BY 4 CONFIGURABLE DRAMINSOJ ......... Release1 .... Page3.9.1-4
3.91.11-64MBY 1 DRAMINSQJORTSOPZ ... i Release 5 .... Page 3.9.1-4
3.01.12-2X1BMBY 1 DRAMINTSOP2 .......... it en, Release4 .... Page3.9.1-4
3.9113-16MBY 1DRAMINUSON ....... ..o i Release 9 .... Page 3.8.1-4
FIGURE 3.9.1-1, 16K BY 1 DRAM IN DIP WITH 3 SUPPLY VOLTAGES ' '
16K TO 256K BY 1 DRAMFAMILY INDIP .. .......ovviviiiiiinens Release ! ....... Page 3.9.1-5
FIGURE 3.9.1-2, 16K TO 256K BY 1 DRAM INRCC ...... T Releasei ....... Page 3.9.1-6
FIGURE 3.9.1-3, 64K & 256KBY 1DRAMINZIP ... ... ..ccoiieiiiiiinns, Release 1 ....... Page 3.9.1-7
FIGURE 3.9.1-4, IMTO 64M BY 1 DRAMFAMILY INDIP .. ................... Release1 ....... Page 3.9.1-8
FIGURE 3.9.1-5, 1M TO 16M BY 1 DRAM FAMILY IN SQJ and TSOP-2 ........... Release4 ....... Page 3.9.1-9
FIGURE 3.9.1-6, IMTO 16M BY t DRAM FAMILYINZIP .......... [N Release 4 ...... Page 3.9.1-10
FIGURE 3.9.1-7, IM TO 16M BY 1 NON-MUX DRAM FAMILY INSOQJ ............ Release2 ...... Page 3.9.1-11
FIGURE 3.9.1-8, IMBY 1 DRAM INTSOP1 .......... e e Release 2 ...... Page 3.9.1-12
FIGURE 3.9.1-9, 16M X 1/4M X 4 CONFIGURABLEDRAMINSOJ .............. Release 2 ...... Page 3.9.1-13
FIGURE 3.9.1-10, 84MBY 1 DRAMINSOJ &TSOP2 .. ... ... oveiinnnns Release 4a ..... Fage 3.9.1-14
FIGURE 3.9.1-11, 2X16MBY 1 DRAMINTSOP2 ...........voiviiniininn Release 4 ...... Page 3.9.1-15
FIGURE 3.9.1-12, 64M BY 1DRAMINSCJ&TSOP2 ............covviinnnss Release 517 ..... Page 39.1-18
FIGURE 3.9.1-1316MBY 1 DRAMINUSON ... .......... ..ot Release 9 ...... Page 3.9.1-17
Release 14
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Section Release # Page # (\
3.9.2 NibbleWide DRAM . ... .. i i irrrrrsarrrrenrresnns Release 1 .... Page 3.9.2-1
3.9.21-16K&B4KBY4DRAMINDIP . ... ... .o Release 1 .... Page 3.9.2-2
3.9.22-16KBY4DRAMINDIP ... . i Release 1 .... Page 3.9.2-2
30.23-B4KBY4DRAMINRCG ... .. ... Release 1 .... Page 3.9.2-2
3.9.24 - 256K & IMBY 4 DRAMFAMILY INDIP ...................... Release 2 .... Page 3.9.2-2 .
3.8.25 - 256K TO 4M BY 4 DRAM FAMILY INSOJ & TSOPZ ........... Release 4 .... Page 3.9.2-2
3.826-64KTO4MBY4DRAMINZIP ... ... it Relpase 2 .... Page 3.8.2-2
3.9.27 - 256K & 1M BY 4 DRAM WITH4 CEIN SOJ & TSOP2 ......... Release 3 .... Page 3.9.2-2
3.8.28-256KBY 4 DRAMINTSOPT ... ittt iian Release 2 .... Page 3.9.2-2
3.0.2.9 - 16M BY 1/4M BY 4 CONFIGURABLE DRAM INSQJ .......... Release 2 .... Page 3.2.2-3
3.9.210 - 256K TO 4M BY 4 NON-MUX DRAM FAMILY INSOJ ........ Release 2 .... Page 3.9.2-3
398211 -4MBY4DRAMWITH1 CEAND4CEINTSOP2 ............ Release 2 .... Page 3.9.2-3
3.9212-16MBYADRAMINSOJ&TSOP2 . ... ..o iiiii e, Release 5r7 ... Page 3.9.2-3
3.9.213- 1M, 2M,4M BY 2DRAM INSOJ & TSOPZ ................ Release 3r7 ... Page 3.8.2-3
3.9.2.14 - 16M BY 4 DRAMWITH4TCASINSQJ & TSOP2............. Release 6 .... Page 3.9.2-3
3.9.2.15 - 64M BY 4 DRAM iN TSOP2 PIN ROTATION ................ Release 6 .... Page 3.9.2-3
39.2186-4MBY4DRAMINUSON ... ... . e Release 9 . ... Page 3.9.2-4
3.9.217-1BMBY 4DRAMINUSON ... ... e Release 9 .... Page 3.9.2-4
FIGURE 3.9.2-1, 16K & 64K BY 4 DRAMINDIP .. .. ..ottt ... Release 1 ....... Page 3.8.2-5
FIGURE 3.9.2-2, 16K & 64K BYADRAMINRCC . .............cc.cooiia... Release 1 ....... Page 3.9.2-6
FIGURE 3.9.2-3, 256K & 1M BY 4 DRAM FAMILY INDIP ... .. .. et Release 1 ....... Page 3.9.2-7
FIGURE 3.9.2-4, 256K TO 4M BY 4 DRAM INSOJAND TSOP-2. .. ............. Release 4 ....... Page 3.9.2-8
FIGURE 3.9.2-5, 64K TOAMBY4DRAMINZIP .. .. ... .. ivrir i, Release 1 ....... Page 3.9.2-9
FIGURE 3.9.2-6, 256K & 1M BY 4 DRAMWITH4 CEINSOJ&TSOP2 ........... Release 6 ...... Page 3.9.2-10
FIGURE 3.9.2-7, 256K BY 4 DRAMINTSOPT . ... ...t i e e Release2 ...... Page 3.9.2-11 .
FIGURE 3.9.2-8, 4M BY 4/16M BY 1 CONFIGURABLE DRAMINSOJ ............ Release2 ...... Page 3.9.2-12 ( ;
FIGURE 3.9.2-9, 256K TO 4M BY 4 NON-MUXDRAMINSQJ . . ................ Release 2 ... ... Page 3.9.2-13 )
FIGURE 3.9.2-10, &M BY 4 DRAMWITH 4 CEINSOJANDTSOP2 .. .. .......... Release6 ...... Page 3.9.2-14
FIGURE 3.9.2-11, 16M BY ADRAMINSOJ&TSOPZ ... ... ... ... ..o Releaseda ..... Page 3.9.2-15
FIGURE 3.9.2-12, 1M, 2M, 4M BY 2 DRAM WITH2 CE INSQJAND TSOP2 ....... Release 47 ... .. Page 3.9.2-16
FIGURE 3.8.2-13, 16M BY 4 DRAM INSOJ&TSOP2 . ..............ivvntt.. Release 517 ..... Page 3.9.2-17
FIGURE 3.9.2-14, 16M BY 4 DRAMWITH4 CASINSOJ &TSOP2 .............. Release 6r7 .. ... Page 3.9.2-18
FIGURE 3.9.2-15, 64M BY 4 DRAM IN TSOP2 PINROTATION ................. Release 6 ...... Page 3.9.2-19
FIGURE 3.9.2-16 AMBY 4 DRAMINUSON . .............................. Release 9 ...... Page 3.9.2-20
FIGURE3.92-1716MBY4DRAMINUSON ....... ... ... ... . oiiaenL. Release9 ... ... Page 3.9.2-21
393ByteWide DRAM .. ... .. ... iiiai it i ieainreraeeans Release 1 .... Page 3.9.3-1
3.931-32KBYBDRAMINDIP ... ... e Release 1 .... Page 3.9.3-3
3.982-32KBYSBDRAMINRCC ... ... e e Release 1 .... Page 3.9.3-3
3.9.3.3-512KBY 8 & BY 9DRAM IN SOJ, TSOP2, & ZIP ............. Release 2 .... Page 3.9.3-3
39.34-512KBY 8 & BY 9 NON-MUXDRAMINSOJ ................. Release 2 .... Page 3.9.3-3
3.935-2MBY8&9DRAMINSOJ&TSOP2 ... ... ...ivvvut Release 5 .... Page 3.9.3-3
3.936-8MBYB&9DRAMINSOJ&TSOP2 ...t Release 5 .. .. Page 3.9.3-3
3.9.3.7 - 32M BY 8 DRAM IN TSOP2 PIN ROTATION ................. Release 6 .. .. Page 3.9.3-3
3.938-4M&BMBYSDRAMINSOP ....... ...t Release 8 .... Page 3.9.3-4
3939-2MBYBDRAMINUSON ... .. . Release 9 .... Page 3.9.3-4
3.9310-8MBYBDLRAM INUSON . .......ocv e aees Release 9 .... Page 3.9.3-4
FIGURE 3.9.3-1, 32KBYBDRAMINDIP ...t Release1 ....... Page 3.9.3-5
FIGURE 3.9.3-2, 32KBYBDRAMINRCC ...... ... ... coiiiiiiiiia.., Release1 ... .... Page 3.9.3-6
FIGURE 3.9.3-3, 512KBY 8 & 9DRAMINSOJ . ... Release 2 ....... Page 3.9.3-7
FIGURE 3.9.3-4, 512KBY8&9DRAMINZIP ... .. ... ...t Release 2 ....... Page 3.9.3-8
FIGURE 3.9.3-5, 512K BY 8 & 9 NON-MUXDRAMINSOJ .................... Release2 ....... Page 3.9.3-9 b
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FIGURE 3.9.3-6, 2MBY 8 & 9DRAMINSOJ&TSOP2 ... .........ovvinni e Release5 ...... Page 3.9.3-10
FIGURE 3.9.3-7,BMBY 8 & 9 DRAM INSOJ & TSOP2 .... .. e, Releaseda ..... Page 3.9.3-11
FIGURE 3.9.3-8, BMBY B DRAMINSOJ&TSOP2 . .......... i vt Release 517 ..... Page 3.9.3-12
FIGURE 3.9.3-9, 32M BY 8 DRAM IN TSOP2 PINROTATION .................. Release 6 ...... Page 3.9.3-13
FIGURE 3.9.3-10, 4M & BM BY8DRAMINSOP . ... ... ..ot Release 8 ...... Page 3.9.3-14
FIGURE 3.9.3-11 2MBY8DRAMINUSON ... ... ..ot Release 9 ...... Page 3.9.3-15
FIGURE 3.8.3-128MBY8DRAMINUSON ..............ooeiiiiiiiinnt. Release 9 ...... Page 3.9.3-16

394WordWideDRAM ..........ccoiieiiiiiiiarinnnnnsns e Release 1 .... Page 3.9.4-1
3.9.4.1 - 64K BY 16 DRAMWITH2W INSOJ&TSOP2 ............... Release 1 .... Page 3.9.4-3

3.9.4.2 - 256K & 1M BY 16 & 18 DRAM WITH 2 CE IN SOJ & TSOP2 ... Release5 .... Page 3.9.4-3
3.9.4.3 - 256K BY 16 DRAM WITH EXTENDED FUNCTIONS

INDIPAND SOJ ... i Release 4 .. .. Page 3.94-3
3.9.4.4-2MBEY 16, 4M BY 16 & 18 DRAMINTSOP2 ....... e Release 617 ... Page 3.9.4-3
3.9.4.5 - 128K AND 256K BY 16 BURST DRAM WITH 2 CAS IN SOJ, TSOP2, AND ZIP Release 6 . ... Page 3.9.4-3
3.9.4.6 - 16M BY 16 DRAM INTSOP2 PIN ROTATION ................ Release 6 .... Page 3.9.4-4
3.9.4.7 - 128K ANS 256K BY 32 DRAMWITH4 CASINTSOP2 ........ fielease 6 .. .. Page 3.9.4-4
3.9.4.8 - 512K AND 2M BY 32 & 36 DRAM WIiTH 4 CTAS IN TSOP2 . ... Release 6r10 ... Page 3.9.4-4
3.9.4.9 - 8M BY 32 DRAM IN TSOP2 PIN ROTATION ................ Helease 6r9 ... Page 3.9.4-4
38410-2MBY32DRAMINTSOPZ ... it Release 7 .... Page 3.9.4-4
39411 -2MBY 32DRAMWITHEDO INQFP .........ooivvennnnn. Release 618 ... Page 3.9.4-4
39412-1MBY16DRAMINUSON . ......... . i Release 9 .... Page 3.8.4-4
3.9413-4MBY16DRAMINUSON . ..... .ot Release 8 .... Page 3.9.4-4

FIGURE 3.9.4-1, 64K BY 16 DRAMINSOJ .. ... .. . it Release 1 ....... Page 3.9.4-5
FIGURE 3.9.4-2, 256K BY 16 & 18 DRAMWITH2WOR2CEINSOJ ............ Release 2 ....... Page 3.9.4-6
FIGURE 3.9.4-3, 256K BY 16 & 18 DRAMWITH2WORZ2CEINTSOP2.......... Release 4 ....... Page 3.9.4-7
FIGURE 3.9.4-4, 1M BY 16 & 18 DRAMWITH 2CEINSOJ ............oooovtn Release5 ....... Page 3.9.4-8
FIGURE 3.9.4-5, IMBY 16 & 18 DRAMWITH2CEINTSOPZ ................. Releaseb ....... Page 3.9.4-9
FIGURE 3.9.4-8, 64K BY 16 DRAMWITH2WINTSOP-2 ............... ... Release 3 ...... Page 3.9.4-10
FIGURE 3.9.4-7A, 256K BY 16 DRAM WITH EXCTENDED FUNCTIONS IN DIP AND SOJ . Release4 ... ... Page 3.9.4-11
FIGURE 3.9.4-78, 256K BY 16 DRAM MANDATORY EXTENDED FUNCTION :
TRUTHTABLE . . ..ot e e e Release 4 ...... Page 3.9.4-12
FIGURE 3.9.4-8, 2M BY 16, AMBY 16 & 18 DRAMINTSOP-2 ................. Release 617 ... .. Page 3.9.4-13
FIGURE 3.9.4-9, 128K AND 256K BY 16 BURSTDRAMINSOJ ................. Releass6 ...... Page 3.9.4-14
FIGURE 3.9.4-10, 128K AND 256K BY 16 BURSTDRAM INTSCOP2 ............. Release6 ...... Page 3.9.4-15
FIGURE 3.9.4-11, 128K AND 256K BY 16 BURSTDRAM INZIP ................ Release 6 ... ... Page 3.9.4-16
FIGURE 3.9.4-12, 16M BY 16 DRAM IN TSOP2 PIN ROTATION ................ Release6 ...... Page 3.9.4-17
FIGURE 3.9.4-13, 128K AND 256K BY 32 DRAM WITH 4 TAS INSSOP .......... Release 8 ...... Page 3.9.4-18
FIGURE 3.9.4-14, 512K AND 2M BY 32 & 36 DRAMIN SOJ AND TSOP2 ........ Release 6ri0 ... .. Page 3.9.4-19
FIGURE 3.9.4-15, 8M BY 32 DRAM IN TSOP2 PINROTATION . ................ Release 9 ...... Page 3.9.4-20
FIGURE 3.9.4-16, 2MBY 32 DRAMINTSOP2 ... .. ... iiiiiieieen e Release 7 ...... Page 3.9.4-21
FIGURE 3.9.4-17, 256K BY 32 DRAMINQFP ... ... ... ..cooiiieinat, Release 8 .. .... Page 3.9.4-22
FIGURE 3.9.4-18 IMBY 16 DRAMINUSON ................. J Release9 ...... Page 3.9.4-23
FIGURE 3.9.4-194MBY16DRAMINUSON .......... ..o Release 9 ...... Page 3.9.4-24
3.9.5 DRAM Optional Features .........coierrnnmmirrneaiininnnarnan, Release1 .... Page 3.9.5-1
. 3.8.5.1 - OPTIONAL OFERATIONAL MODES AND CYCLES FOR DRAM Release 1 .... Page 3.9.5-3
3.9.5.2- 1M DRAM BUILT INTEST FUNCTION ..............coiniis Release 1 .... Page 3.9.5-3
3.9.5.3 - ON-CHIP REFRESH CONTROLFORXSDRAM ............. Release 1 .... Page 3.8.5-3
3.854-GBEFOREEREFRESH ... Release 1 . ... Page 3.8.5-3
3.9.5.5 - DRAM SPECIAL TEST AND OPERATIONAL MODES ......... Release 1 .... Page 3.9.5-3
3.9.5.6 - NON-MULTIPLEXED DRAM OPERATION .............o0en Release1 .... Page 3.9.5-3
3.9.5.7 - DRAM EXTENDED DATA QUT DEFINITION ................. Release 6 .... Page 3.8.5-3
Release 14
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3.9.5.8 - 256m DRAM TEST MODE DATA AND ADDRESS COMPRESSION ... ... .. Release 7 .... Page 3.9.5-3
3.8.5.9 - PIPELINED NIBBLE MODE DEFINITION .................... Release 7 .... Page 3.9.5-3

FIGURE 3.8.5-1A, DRAM ON CHIPREFRESHTIMING ....................... Releaset ....... Page 3.9.5-5
FIGURE 3.9.5-1B, DRAM SELF REFRESHMODETIMING .................... Release 4 ....... Page 3.9.5-5
FIGURE 3.9.5-2, DRAMBITWRITETIMING . ..................ccivvinnen. Release 1 .......Page 3.9.5-6
DRAM SPECIAL TEST AND OPERATIONAL MODES . ................ Release 4 ....... Page 3.9.5-7
OPTIONAL DRAM OFPERATIONAL MODES AND CYCLES . ............ Release 3 ...... Page 3.9.5-11
NON-ADDRESS MULTIPLEXED DRAM OPERATIONAL REQUIREMENTS .. Release3 ... ... Fage 3.9.5-13
DRAM EXTENDED DATAOUT DEFINITION . ... Release 6 ...... Page 3.9.5-14
256M DRAM ADDRESS AND DATA COMPRESSION DEFINITION ......... Release 7 ... ... Page 39.5-15
PIPELINED NIBELE MODE DEFINITION ... e iens Release 7 ... ... Page 3.9.5-16
3.10 Multiport Dynamic RAM (MPDRAM) ...........cccvicievevnnnnesens Release1 ..... Page 3.10-1
3.10.1 Nibble Wide MPDRAM . ..........oiitii i iinniasi e iineanana Release1 ... Page 3.10.1~1
31011 -64KBY4 MPDRAM INDIP, SOJ, &ZIP .. ........c.inn oy Reiease 1 ... Page 3.10.1-1
3.10.1.2 - 256K BY 4 MPDRAM IN DIP, SOJ, TSOP2Z, & ZIP . ........... Reiease 3 ... Page 3.10.1-1
3101.3~-286KBY4TPDRAMINSOJ ... ... Release 2 ... Page 3.10.1-1
FIGURE 3.10.1-1, 64K BY 4 MPDRAM INDIP & SOJ ........ .. ... iiiinas. Release 1 ...... Page 3.10.1-2
FIGURE 3.10.1-2, BAKBY 4MPDRAMINZIP .. .. ... ..o Release1 ...... Page 3.10.1-3
FIGURE 3.10.1-3, 256K BY 4 MPDRAM IN DIP, SOJ, & TSOP2 ................. Released ...... Page 3.10.1-4
FIGURE 3.10.1-4, 256K BY 4 MPDRAM INZIP ... ... Refease 1 ...... Page 3.10.1-5
FIGURE 3.10.1-5, 256K BY 4 TPDRAMINSOJ .. ... ... ... ... ... .ol Release?2 ... ... Page 3.10.1-6
3.10.2Byte Wide MPDRAM ... ... ... . iiiiiiiiniinnctannaerrnas Release1 ... Page 3.10.2-1
3.10.2.1 - 128K AND 256K BY 8 MPDRAM IN DIP, SCJ, & TSOPZ2 ... ... Release 3 ... Page 3.10.2-1
FIGURE 3.10.2-1, 128K AND 256K BY 8 MPDRAMINDIP&SOJ ............... Releass 2 ...... Page 3.10.2-2
FIGURE3.10.2-2, 126K BY BMPDRAMINTSOP2 ........... ... iints, Released ...... Page 3.10.2-3 4
3.10.3Word Wide MPDRAM . .. ... ...cciciiiiiiiii i iiciisnrarsannss Release 1 ... Page 3.10.3-1 (
3.10.3.1 ~ 128K & 256K BY 16 MPDRAM IN SOG WITH MULTIPLE CLOCKS .. ..... Release 2 ... Page 3.10.3-1
3.10.3.2 - 128K & 256K BY 16 MPDRAM IN TSOP-~2 WITH MULTIPLE CLOCKS .... Release5 ... Page 3.10.3-1
3.10.3.3 - 286K BY 16 SGRAMINTSOP2 .. ... . ... i e Release 6 ... Page 3.10.3-1
3.10.3.4 - 128K, 256K, & 512K BY 32, 2 & 4 Bank SGRAMIN QFP/TQFP .. ... ... Release 6r9r1 0 Page 3.10.3-1
3.10.3.5-256KBY32GRAM INTSOP-2 ... ... ... o Release 6 ... Page 3.10.3-1
3.10.3.6 - 256K BY 32 SMPDRAM INTSOP-2 ....................t. AP Release 6 ... Page 3.10.3-2
3.10.3.7 - 256K BY 32 SMPDRAM IN TSOP-2 ... ... s Release 7 ... Page 3.10.3-2
3.10.3.8- 256K BY 3ZMPDRAMINTSOP-2 ... ... .. v Release 7 ... Page 3.10.3-2
3.10.3.9 - 126K, 256K & 512K BY 32 X 4 BANK SYNCHRONOUS DDR SGRAM
INLQFP L e e e e Release 9 ... Page 3.10.3-2
3.103.10 - 4M BY 32 DDR SGRAM (4 BANK) INFBGA . .............. Releasel! ... Page 3.10.3-2
3.10.3.11- 8M BY 32 GDDR3 GRAPHICS RAM IN 144-BALLFBGA .............. Release 13 .. Page 3.10.3-2
FIGURE 3.10.3-1, 128K & 256K BY 16 MPDRAM IN SOG with 2W &2CE .. .... ... Release 3 ...... Page 3.10.3-3
FIGURE 3.10.3-2, 128K & 256K BY 16 MPDRAM IN TSOP-2with2W & 2CE ...... Release 5 ...... Page 3.10.3-4
FIGURE 3.10.3-3, 256K BY 16 SGRAMINTSOP-2 ..............civvnnnt, Release 6 ...... Page 3.10.3-5
FIGURE 3.10.3-4, 128K, 256K, & 512K BY 32 SGRAM, 2 & 4 BANK IN QFP/TQFP . Release 6c7r9r10 ... Page 3.10.3-6
FIGURE 3.10.3-5, 256K BY 32 SGRAMINTSOP-2 . . .. .. .................... Release 6 ...... Page 3.10.3-7
FIGURE 3.10.3-6, 256K BY 32 SYNCH. MPDRAM IN QFP/TQFP ................ Released . ..... Page 3.10.3-8
FIGURE 3.10.3-7, 256K BY 32 MPDRAM INQFPTQFP ...................... Release 7 ...... Page 3.10.3-9
FIGURE 3.10.3-8 128K, 256K, & 512K BY 32 X 4 BANK DDR SGRAM IN LQFP . ... Release 9r10 . ... Page 3.10.3-10
FIGURE 3.10.3-9 4M X 32 (4 BANK) DDR SGRAM IN 144 BALLFBGA ........... Release 11 .... Page 3.10.3-11
FIGURE 3.10.3-10 8M X 32 GDDR3 Graphics BAM in 144-Ball FBGA ............ Release 13 .... Page 3.10.3-12
3.10.4 MPDRAM Optional Features ...........c.coiiinvavannnnsrrrarss Release1 ... Page 3.10.4-1
3.10.4.1 - 256K X 4 MPDRAM MINIMUM FEATURE SET TRUTH TABLE .. Release1 ... Page 3.10.4-3
3.10.4.2 - 256K X 4 MPDRAM EXTENDED FEATURE SET TRUTH TABLE . Release1 ... Page 3.10.4-3 L/
| Release 14
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3.10.4.3 - MPDRAM BIT WRITE OPTIONALFEATURE ................ Release 1 ... Page 3.10.4-3
3.10.4.4 - 128K X 8 MPDRAM MINIMUM FEATURE SET TRUTH TABLE .. Release! ... Page 3.10.4-3
3.10.4.5 - 128K X 8 MPDRAM EXTENDED FEATURE SET TRUTH TABLE . Release! ... Page 3.10.4-3
3.10.4.6 - 128K X 16, 256K X 8, & 256K X 16 MPDRAM

MINIMUM FEATURE SETTRUTHTABLE .................. Release 5 ... Page 3.10.4-3
3.10.4.7 - 128K X 18, 256K X 8, & 256K X 16 MPDRAM ‘

EXTENDED FEATURESET TRUTHTABLE ................ Release 5 ... Page 3.10.4-3
3.10.4.8 - SPLIT REGISTER WITH PROGRAMMABLE STOPS :

FORMPDRAM ... e ittt sns Release 3 ... Page 3.10.4-3
3.10.4.8 - PIPELINED FAST PAGE MCDE FORMPDRAM ............. Release 2 ... Page 3.10.4-4
3.10.4.10 - EXTENDED DATA OUT FAST PAGE MODE FOR MPDRAM . Release2 ... Page 3.10.4-4
3.10.4.11 - SAM LENGTH DEFINITION FOR 2/4M MPDRAM ........... Release 5 ... Page 3.10.4-4

" 3.10.4.12 - SYNCH GRAM SPECIAL MODE SET PROCEDURE ....... Release 6 ... Page 3.10.4-4

3.10.4.13 - SYNCH. MPDRAM SPECIAL MODE SET PROCEDURE .... Release6 ... Page3.10.4-4
3.10.4.14 - SYNCH. GRAM OPERATIONAL FUNCTION TRUTH TABLES .. Release6 ... Page 3.10.4-4

3.10.4,15 - 8Mb MPDRAM FEATURE SET FUNCTION TABLE ........... Release 7 ... Page 3.10.4-4
3.10.4.16 - EXTENDED FUNCTIONSFOR SGRAM & MPDRAM ......... Release 617 .. Page 3.10.4-4
TABLE 3.10.4-1, 256K X 4 MPDRAM FEATURE SETTRUTHTABLE ............. Release 1 ...... Page 3.10.4-5
TABLE 3.10.4-2, 128K X 8 MPDRAM FEATURE SET TRUTHTABLE ............. Release 1 ...... Page 3.10.4-6
FIGURE 3.104-1,BITWRITETIMING ......... ... ccoiiiiiiii i, Release 1 ...... Page 3.10.4-7
TABLE 3.10.4-3, 2Mb & 4Mb MPDRAM FEATURE SET TRUTHTABLE ............ Release 5 ... ... Page 3.10.4-8
FIGURE 3.10.4-2, SPLIT REGISTER WITH PROGRAMMABLE STOPS ........... Release 2 ...... Page 3.10.4-9
FIGURE 3.10.4-3A, PIPELINED FASTPAGEMODE .................ccooiiss Release 2 ..... Page 3.10.4-10
FIGURE 3.10.4-38, PIPELINED FASTPAGEMOCDE ................ e Release2 ..... Page 3.10.4-11
FIGURE 3.10.4-4, MPDRAM EXTENDED DATA OUT FAST PAGEMODE .......... Release 4 ... .. Page 3.10.4-12
FIGURE 3.10.4-5A & 5B, SAM LENGTH DEFINITION FOR 4M MPDRAM . Release 5 . Page 3.10.4-13, 14
FIGURE 3.10.4-8, SYNCH GRAM SPECIAL MODE SET PROCEDURE .. Release8 ... .. Page 3.10.4-15
FIGURE 3.10.4-7, SYNCH. MPDRAM SPECIAL MODE SET PROCEDURE Release6 .. ... Page 3.10.4-16
TABLE 3.10.4-4 A,B, & C, SGRAM FUNCTION TRUTH TABLE ....... Release Br7 Page 3.10.4-17=19
TABLE 3.10.4-5, 8Mb BURST MPDRAM FUNCTION TABLE .......... Releass 7 ..... Page 3.10.4-20
-EXTENDED FUNCTIONS FOR SGRAM & MPDRAM . ............0coooiiient. Release 7 .. ... Page 3.10.4-21
3.11 Synchronous Dynamic Random Access Memory (SDRAM) ......... Release 4 ..... Page 3.11-1
3. I B Wide SDRAM ...... oo iiiim st isnnnrnnrnnrassn Release 4 ... Page 3.11.1-1
'FIGURE 3.11.1-1, ............. i e eaaaeeraear i Released ...... Page 3.11.1-5
3.11.2 Nibble Wide SDRAM . ........ccvvviiirnannenciernnrcnansnanss Release 4 ... Page 3.11.2-1
31121 -4MBY4SDRAMINTSOP2 . ... Release 81718 .. Page 3.11.2-1
3.11.22-16MBY4SDRAMINTSOP2 ... ..ot Release 6 .. .. Page 3.11.2-1
3.11.2.3 - 64M BY 4 SDRAM IN TSOP2 PIN ROTATION .............. Release 719 ... Page 3.11.2-1
3.11.2.4 - 16M, 32M, 84M, 128M, & 256M BY 4 DDR SDRAM INTSOP2 .. .. .. Release 8r9r10ritr12 Page 3.11.2-1
3.11.2.5 - 32M, 64M, 64M, & 256M BY 4 SDRAM INTSOP2 ........ Release 8r9r10r2 . Page 3.11.2-1
3.11.2.6 - 16M BY 4 VIRTUAL CHANNEL SDRAMINTSOP2 ........... Release 9 . ... Page 3.11.2-1

3.11.2.7 - 16M, 32M, & 64M BY 4 STACKABLE SDR SDRAM IN LSOJ .. Release 9 ....Page 3.11.2-2
3.11.2.8 - 16M, 32M, & 64M BY 4 VIRTUAL CHANNEL DDR SDRAM IN TSOP2 . . .. Release 9rl1 ... Page 3.11.2-2

3.11.2.9 - 16M, 321, 64M, & 128M BY-4 STACKABLE DDR SDRAM INLSOJ . .. .. Release 9r10r11 . . Page 3.11.2-2

- 3.11.210-16MBY4 SDRSDRAMINUSON . ... i Release 9 ... . Page 3.11.2-2
3.11.2.11 - 16M, 32M, & 64M BY 4 SDR SPRAM INTSOP2 ............ Releass 9 ... . Page 3.11.2-2
3.11.2.12 - 16M, & 32M BY 4 SDRSDRAM INLFBGA ................. Release 9 .... Page 3.11.2-2
3.11.2.13 - 16M, & 32M BY 4 DDR SDRAM INLFBGA ................. Release § . ... Page 3.11.2-3
3.11.2.14 - 16M, & 32M BY 4 SDRSDRAM IN LFBGA ................. Release 9 . ... Page 3.11.2-3
3.11.2.15- 16M, & 32M BY 4 DDR SDRAMINLFBGA ................ Release 9r11 ... Page 3.11.2-3
3.11.2.16 - 64M, & 128M BY 4 SDRSDRAMINLFBGA ............... Release 11a ... Page 3.11.2-3
Release 14 )
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3.11.2.17 - 16M, 32M, 64M, & 128M BY 4 DDR SDRAM IN LFBGA ... .. Release 11a ... Page 3.11.2-3
3.11.2.18 - 16M, 32M, 64M, & 128M BY 4 DDR SDRAM IN FBGA,
with Optional SupportBalls .............. ..o Release 12 ..... Page 3.11.2-3
3.11.2.18 - 64M, 128M, 256M, 512M, & 1G BY 4 DDR2 SDRAM INTFBGA ....... Release 12r13 . ... Page 3.11.2-4
3.11.2.20 - 16M, 32M, 84M, & 128M BY 4 SDRAM INSTSOP ........... Release 12 . .... Page 3.11.2-4
3.11.2.21 - 64M, 128M, 256M, 512M, & 1G BY 4 BY 2 DDR2 SDRAM
INSTACKED FBGA ..ot innareeenaeerenan Release 13 ..... Page 3.11.2-4
3.11.2.22 - 64M, 128M, 256M, 512M, & 1G BY 4 BY 2 DDR2 SDRAM FOR STACKED FBGA
REQUIRING SUPORTBALLS ..........c. it Release 13 ..... Page 3.11.2-4
FIGURE 3.11.2-1, M X 4SDRAMINTSOP2 ... ... Release 617 ... .. Page 3.11.2-5
FIGURE 3.11.2-2, 1BM X 4 SDRAMINTSOPZ . ... ... ... i ReleaseB ...... Page 3.11.2-6
FIGURE 3.11.2-3, 64M X 4 SDRAM IN TSOP2 PINROTATION . .. .............. Release 718 .. ... Page 3.11.2-7
FIGURE 3.11.2-4, 18M, 32M, 84M, & 128M X 4 DDR SDRAM IN TSOP2 ...... Release 8r9r10r11r12 . . Page 3.11.2-8
FIGURE 3.11.2-5 32M, 64M, & 128M X 4 SDRAM INTSOP2 .. ............. Release 8r9r10r11r12 . . Page 3.11.2-9
FIGURE 3.11.2-6 16M X4 VCSDRAMINTSOPZ .. .. ... . it Release @ .. ... Page 3.11.2-10
FIGURE 3.11.2-7 16M, 32M, & 64M BY 4 STACKABLE SDR SDRAMIN LSQJ .. .... Release 9 .. ... Page 3.11.2-11
FIGURE 3.11.2-8 16M, 32M, & 64M BY 4 VC DDR SDRAM INTSOP2 .. ... ... Release 9¢c10r11r12 . Page 3.11.2-12
FIGURE 3.11.2-9 16M, 32M, 64M & 128M BY 4 STACKABLE DDR SDRAM
| i e e e e e e Release 9r10r11ri2 . Page 3.11.2-13
FIGURE 3.11.2-1016MBY 4 SDRAMINUSON .......... ... cccoiiinia, Release 8 ..... Page 3.11.2-14
FIGURE 3.11.2-11 160, 32M, & 84M BY 4 SDR SDRAMINTSOP2 .......... ... Release 9r12 . ... Page 3.11.2-15
FIGURE 3.11.2-12 16M & 32M BY 4 SDRSDRAMIN LFBGA .. ................. Release9 ..... Page 3.11.2-18
FIGURE 3.11.2-13 16M & 32M BY 4 DDR SDRAM INLFBGA ... ................ Release 9 .. ... Page 3.11.2-17
FIGURE 3.11.2-14 16M, 32M, & 64M BY 4 SDR SDRAMINLFBGA ............. Release 9¢10 . ... Page 3.11.2-18
FIGURE 3.11.2-15 16M, 32M, & 64M BY 4 DDR SDRAM INLFBGA ......... ... Release 9¢10ri1 .. Page 3.11.2-19
FIGURE 3.11.2-16 64M, & 128M BY 4 SDRSDRAMINFBGA ................. Release 11a .. .. Page 3.11.2-20 o
FIGURE 3.11.2-17 32M, 64M; 128M, & 256M BY 4 DDR SDRAMINFBGA ........ Release 11a .. .. Page 3.11.2-21 (
FIGURE 3.11.2-18 32M, 64M, 128M, & 256M BY 4 DDR SDRAM IN 60-BALL FBGA
with Optional Suppert Balls ..., i Release 12 .... Page 3.11.2-22
FIGURE 3.11.2-19 64M, 128M, 256M, 512M, & 1G BY 4 DDR2 SDRAM IN
BO-BALLTF-FBGA ... ittt e e e e Release 12r13 ... Page 3.11.2-23
FIGURE 3.11.2-20 16M, 32M, 64M, & 128M X 4 SDRAM INSTSOP .............. Release 12 .... Page 3.11.2-24
FIGURE 3.11.2-21 64M, 128M, 256M, 512M, & 1G BY 4 X 2 DDR2 SDRAM IN
_ 60-BALLSlacked FBGA ..... ... ..o .... Release 13 .... Page 3.11.2-25-
FIGURE 3.1.2-22 64M, 128M, 256M, 512M, & 1G BY 4 X 2 DDR2 SDRAM For
: 60-Ball Stacked FBGA Requiring SupportBalls ................... ... Release 13 .... Page 3.11.2-26
ST 3BYTEWIDE SDRAM .....iiiniciieieciciiiirincaninsannsanss .. Release 4 ... Page 3.11.3-1
31131 -2MBYBor9SDRAMINTSOPZ .. ... .. . o i Release 617 ... Page 3.11.3-1
311.3.2-8MBYBSDRAMINTSOPZ . ... . i e Release 6 . ... Page 3.11.3-1
311.33-32MBYBSDRAMPINROTATION ... ..ot Release 719 ... Page 3.11.3-1
3.11.3.4 - 8M, 16M, 32M, 64M, & 128M BY 8 DDR SDRAMINTSOP2 ........ Release 8rar10ri1r2 Page 3.11.3-1
3.11.3.5 - 16M, 32M, 64M, & 128M BY 8 SDRAMINTSOP2 ......... ‘Release 8rAr10ri2 . Page 3.11.3-1
3.11.3.6 - 8M, 16M, & 32M BY 8 SDR SDRAMINTSOP2 .............. Release @ .. .. Page 3.11.3-1
3.11.3.7 - 8M, 16M, & 32M BY 8 STACKABLE SDR SDRAM IN LSQOJ . ... Release 9 .. .. Page 3.11.3-2
3.11.3.8 - 8M, 16M, 32M, & 64M BY 8 STACKABLE DDR SDRAM INLSOJ ... .. . Release 9r10r11 . . Page 3.11.3-2
3.11.3.9-2MBY 8SDRSDRAMINUSON ... ... oo Release 9 . ... Page 3.11.3-2
311.310-8MBYBSDRSDRAMINUSON ..., Release 9 .. .. Page 3.11.3-2
3.11.3.11 - BM BY 8 VIRTUAL CHANNEL SDRAMINTSOP2 ........... Release 9 . ... Page 3.11.3-2
3.11.3.12 - 8M, 16M, & 32M BY 8 VIRTUAL CHANNEL DDR SDRAM IN TSOP2 . Release or11 ... Page 3.11.3-2
3.11.3.13-8M, & 16M BY 8 SDRSDRAMINLFBGA .................. Release 9 . ... Page 3.11.3-3
311314 -8M, 816MBY BDDR SDRAMINLFBGA ... ............... Release 9-. ... Page 3.11.3-3
3.11.3.15-8M, &16MBY8 SDRSDRAMINLFBGA .................. Release 9 . ... Page 3.11.3-3
3.11.3.16 - 8M, 16M, 32M, & 64M BY 8 DDR SDRAM IN LFBGA ... .... Release 9r11 ... Page 3.11.3-3 b
Release 14 o
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3.11.3.17 - 16M, 32M, & 64M BY 8 Low Power SDR SDRAM IN FBGA .. Release 11a .
3.11.3.18 - 32M, & 64M BY § SDR SDRAM INLFBGA ................ Release 11a ...
3.11.3.18 - 18M, 32M, 64M, & 128M BY 8 DDR SDRAM IN FBGA ...... Release 11a ...
3.11.3.20 - 16M, 32M, 64M, & 128M BY § DDR SDRAM IN 60 Ball FBGA,

with Optional SupportBalls ............ ... coiviiiiion, Release 12 ...

3.11.3.21 - 32M, 64M, 128M, 256M, & 512M BY 8 DDR2 SDRAM IN 60 Ball TFBGA . Release 12r13 ..

3.11.3.22 - 8M, 16M, 32M, & 64M BY 8 SDRAM INSTSOP ............ Release 12 . ..
3.11.3.23 - 32M, 64M, 128M, 256M, & 512M BY 8 BY 2 DDR2 SDRAM
INSTACKED FBGA . . ... vttt it e Release 13 ...
3.11.3.24 - 32M, 64M, 128M, 256M, & 512M BY 8 BY 2 DDR2 SDRAM
FOR STACKED FBGA REQUIRING SUPORTBALLS ................ Release 13 ...
FIGURE 3.11.3-1, 2M BY 8 OR9SDRAMINTSOP2 ...... .. ...coiiiviinnnns Release 617 ...
FIGURE 3.11.3-2, BMBY BSDRAMINTSOPZ .. ..o e Release 6 .. ..
FIGURE 3.11.3-3, 32M BY 8 SDRAM IN TSOP2 PINROTATION ................ Release 719 . ..

Page #

.. Page 3.11.3-3

Page 3.11.3-3
Page 3.11.3-4

Page 3.11.3-4
Page 3.11.3-4
Page 3.11.3-4

Page 3.11.3-4

Page 3.11.3-4
Page 3.11.3-6
Page 3.11.3-6
Page 3.11.3-7

FIGURE 3.11.3-4, 8M, 16M, 32M, 64M, & 128M BY 8 DDR SDRAM IN TSOP2 . . Release 8r9ri0ri1ri2 . . Page 3.11.3-8

FIGURE 3.11.3-5, 18M, 32M, 64M, & 128M BY 8 SDRAMINTSOP2 .......... Release 8r9r10ri2 .
FIGURE 3.11.3-6 8M, 16M, & 32M BY 8 SDRSDRAMINTSOP2 ................ Release 9 .. ..
FIGURE 3.11.3-7 81, 16M, & 32M BY 8 STACKABLE SDR SDRAM INLSOJ ... ... Release 8 ....
FIGURE 3.11.3-8 &M, 16M, 32M, 64M & 128M BY 8 STACKABLE DDR SDRAM

INLSOJ ............... e e e et Release 9r10riiri2 .
FIGURE 3.9.3-92MBYBSDRAMINUSON . ... Release 9 .. ..
FIGURE 3.11.3-108MBYS8SDRAMINUSON . ... ... i Release 9 .. ..
FIGURE 3.11.3-11 BM X8VCSDRAMINTSOPZ ..o Release 9 .. ..
FIGURE 3.11.3-12 8M, 16M, & 32M BY 8 VCDDR SDRAMIN TSOP2 ........... Release 9¢10r11
FIGURE 3.11.3-138M & 16M BY 8 SDRSDRAM INLFBGA . . .................. Release 9 ....
FIGURE 3.11.3-148M & 16M BY 8 DDRSDRAMINLFBGA ................... Release 9 ....
FIGURE 3.11.3-15 8M, 16M, & 32M BY 8 SDR SDRAMINLFBGA .............. Release 9¢10
FIGURE 3.11.3-16 8M, 16M, 32M & 64M BY 8 DDR SDRAM INLFBGA ......... Release 9¢10r11
FIGURE 3.11.3-17 16M, 32M & 64M BY 8 SDR SDRAMINFBGA .............. Release 11a ...
FIGURE 3.11.3-18 32M & 64M BY 8 SDRSDRAMINFBGA . . . ... ...........t. Release 11a ....
FIGURE 3.11.3-19 16M, 32M, 64M & 128M BY 8 DDR SDRAM IN FBGA ......... Release 11a .. ..

FIGURE 3.11.3-20 16M, 32M, 64M, & 128M BY 8 DDR SDRAM IN 60-BALL FBGA

with Optional SupportBalls ....... ...t Release 12 .... Page 3.11.3-24
FIGURE 3.11.3-21 320, 64M, 128M, 256M, & 512M BY 8 DDR2 SDRAM IN
BO-BALLTF-FBGA ......coviri i iitine e Release 12r13 ... Page 3.11.3-25
FIGURE 3.11.3-22 8M, 16M, 32M, & 64M X 8 SDRAM INSTSOP ................ Release 12 .... Page 3.11.3-26
FIGURE 3.11.3-23 32M, 64M, 256M, 128M, & 512M BY 8 X 2 DDR2 SDRAM IN
60-BALLStacked FBGA .. ... or i e e Release 13 .... Page 3.11.3-27
FIGURE 3.11.3-24 32M, 64M, 128M, 2566M, & 512M BY 8 X 2 DDR2 SDRAM For
60-Ball Stacked FBGA Requiring Suppert Balls ...................... Release 13 .... Page 3.11.3-28
31MAWORDWIDESDRAM .........c.cciiiieernnnnsnnernsarnnannnan Aelease 5 ... Page 3.11.4=1
3.11.4.1 - 256K BY 16 AND 1M BY 16/18 SDRAMINTSOP-2 ................. Release 6r7 ... Page 3.11.4-1
3.11.42- 2M&AMBY 16 SDRAMINTSOP-2 ... ... et Release 617 ... Page 3.11.4-1
3.11.4.3 - 16M BY 16 SDRAM IN TSOP-2PINROTATION ..................t. Release 6r9 ... Page 3.11.4-1
3.11.4.4 - 128K, 256K, & 512K, 2 & 4 Bank BY 32 SDRAM IN QFP/TQFP/LQFP . . . Release 6r7r9r10 . Page 3.11.4-1
3.11.45- 2MBY32SDRAMINTSOP-2 ..o e Release 6r7r10 .. Page 3.11.4-1
3.11.4.6 - 8MBY 32 SDRAMIN TSOP-2PINROTATION ...........covvveinnn Release 69 ... Page 3.11.4-2
3.11.4.7 - 2MBY 32836, 4AM & 8MBY 32 SDRAMINTSOP-2 ............ Release 7r8ri0rilari2 Page 3.11.4-2
3.11.4.8 - 4M, 8M, 16M, 32M, & 64M BY 16, DDR SDRAM.IN TSOP-2 ....... Release 8r9r10riir12 Page 3.11.4-2
3.11.4.9 - 8M, 18M, 32M, & 64M BY 16, SDRAMINTSOP-2 ............... Release 8r9ri0r12 . Page 3.11.4-2
3.11.4.10 - 4M, 8M, & 16M BY 16 SDR SDRAMIN TSOPZ2 ............. Release 9 . ... Page 3.11.4-2
3.11.4.11 - 4M, 8M, & 16M BY 16 STACKABLE SDR SDRAM IN LSOJ ... Release9d .... Page 3.11.4-2
3.11.4.12 - 4M, 8M, 16M, 32M, & 64M BY 16 STACKABLE DDR SDRAM IN LSOJ . Release 9r11r12 .. Page 3.11.4-3
Release 14
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311413 -4MBY 16 SDRSDRAMINUSON .............ooo ot Release 9 . ... Page 3.11.4-3
3.11.4.14 - 4AM BY 16 VIRTUAL CHANNEL SCRAM IN TSOPZ .......... Release 9 . ... Page 3.11.4-3
3.11.4.15 - 4M, 8M, & 16M BY 16 VIRTUAL CHANNEL DDR SDRAM IN TSOP2 Release 9r11 ... Page 3.11.4-3
3.11.4.16 - 4M, & 8M BY 16 SDR SDRAM INLFBGA ................. Release 9r12 . . . Page 3.11.4-3
3.11.4.17 - 4aM, & SM BY 16 DDR SDRAMINLFBGA .. ................. Release 9 .... Page 3.11.4-3
3.11.4.18 - 4M, & 8M BY 16 SDRSDRAMINLFBGA .................. Release 9 .... Page 3.11.4-4
3.11.419 - 4M, & 8BM BY 16 DDR SDRAM INLFBGA ................. Reigase 9r11 ... Page 3.11.4-4
3.11.4.20 - 4M BY 16/18 SLDRAMINTSOPZ . ....... ...t Release @ . ... Page 3.11.4-4
3.11.4.21 - aM TO 64M BY 16/18 SLDRAMINR-PZIP ............ P Release 9 . ... Page 3.11.4-4
3.11.4.22 - 128K, 256K, & 512K BY 32, 4 BANK DDR SDRAM IN LQFP Release 9r10r11 .. Page 3.11.4-4
3.11.4.23 - 2M & 4M BY 32, 4 BANK, DDR SDRAM IN FBGA ........ . Release 11a ... Page 3.11.4-4
3.11.4.24 - 8M, 16M, 32M, & 64M BY 16, Low Power SDR SDRAM IN FBGARelease 11a . Page 3.11.4-5
3.11.4.25 - 16M, 8 32M BY 16 SDRSDRAMINFBGA ............... Release 11a ... Page 3.11.4-5
3.11.4.26 - 8M, 16M, 32M, & 64M BY 16 DDR SDRAM IN FBGA ...... Release 11a ... Page 3.11.4-5
3.11.4.27 - 2M & 4M BY 32 SDRSDRAMINLFBGA ................. Release 11a ... Page 3.11.4-5
3.11.4.28 - 2M, 4M, 8M, & 16M BY 32, Low Power SDR SDRAM iN FBGA ... .. Release 11ar12r13 . Page 3.11.4-5

3.11.4.29 - 8M, 16M, 32M, & 64M BY 16 DDR SDRAM IN FBGA '
with Optional SupportBalls .. ........ ... .. .. ..o iiiainna Release 12 ... Page 3.11.4-5
3.11.4.30 - 16M, 32M, 64M, 128M, & 256M BY 16 DDR2 SDRAMINTFBGA . .. ... Release 12r13 .. Page 3.11.4-6
3.11.4.31 - 4M, 8M, 16M, & 32M BY 16 SDRAMINsTSOP ............. Release 12 ... Page 3.11.4-6
3.11.4.32 - 16M, 32M, 64M, 128M, & 256M BY 16 BY 2 DDR2 SDRAM
INSTACKED FBGA . ..ottt e i ans Release 13 ... Page 3.11.4-6
3.11.4.33 - 16M, 32M, 64M, 128M, & 256M BY 16 BY 2 DDR2 SDRAM
FOR STACKED FBGA REQUIRING SUPORTBALLS ................ Release 13 ... Page 3.11.4-6
3.11.4.34 - 4M BY 32 DDR2 SDRAM IN 144-BALLLF-XBGA .................. Release 13 ... Page 3.11.4-6
3.11.4.35 ~ 8MBY 16 DDR SDRAMin78-BallBGA .............. e Release 14 ... Page 3.11.4-7 (
3.11.4.36 - 8M,16M, & 32M BY 32 Low Power DDR SDRAM .

INSO-BALL FBGA ... .. i e Release 14 ... Page 3.11.4-7
FIGURE 3.11.4-1, 256 BY 16 AND 1M BY 16/18 SDRAM INTSOP-2 ............. Release 67 ... .. Page 3.11.4-8
FIGURE 3.11.4-2, M BY 16 SDRAMINTSOP-2 ............cccoviiviiiinns Release Br7 . .. .. Page 3.11.4-9
FIGURE 3.11.4-3, 16M BY 16 SDRAM INTSOP-2 ... ..vivee e, Release 6¢7r9 ... Page 3.11.4-10
FIGURE 3.11.4-4, 128K, 256K, & 512K BY 32 SDRAM IN GFP/TQFP ........... Release 6¢7:9r10 .. Page 3.11.4-11
FIGURE 3.11.4-5, 2M BY 32 SDRAMINTSOP-2 ........ ... ... coviiinien, Release 6:7r10 ... Page 3.11.4-12
FIGURE 3.11.4-6, 8\ BY 32 SDRAM IN TSOP-2 PIN ROTATION .............. Release 6¢7r9 ... Page 3.11.4-13
FIGURE 3.11.4-7, 2M BY 32 & 36, 4M & 8M BY 32 SDRAM INTSOP-2 ... ..... Reloase 7/8r10r12 .. Page 3.11.4-14
FIGURE 3.11.4-8, 4M, 8M, 16M, 32M, & 64M BY 16 DDR SDRAM IN TSOP-2 .. Relsase 8r3r10r11r12 . Page 3.11.4-15
FIGURE 3.11.4-9, 8M, 16M, 32M, & 64M BY 16 SDRAM IN TSOP-2 .......... Release Br9r1Qr12 .. Page 3.11.4-16
FIGURE 3.11.4-10 4M, 8M, & 16M BY 16 SDRSDRAMINTSOP2 .. ............. Release 9 ..... Page 3.11.4-17
FIGURE 3.11.4-11 4M, 8M, & 16M BY 16 SDR STACKABLE SDRAM INLSOJ ...... Release 9 ... .. Page 3.11.4-18
FIGURE 3.11.4-12 4M, 8M, 16M, & 32M BY 16 STACKABLE DDR SDRAM IN LSOJ Release 9r10r11r12 . Page 3.11.4-19
FIGURE 3.11.4-134MBY 16 SDRAMINUSON .............. ... .. oivat, Release 9 ... .. Page 3.11.4-20
FIGURE 3.11.4-14 4M X 16 VCSPRAMINTSOPZ . ..... ... ...t Release 9 ... .. Page 3.11.4-21
FIGURE 3.11.4-15 4M, 8M, & 16M BY 16 VC DDR SDRAMINTSOP2 .......... Release 9¢10rt1 .. Page 3.11.4-22
FIGURE 3.11.4-16 4\ & 16M BY 16 SDR SDRAMINLFBGA .. ................ Release 9r12 .. .. Page 3.11.4-23
FIGURE 3.11.4-17 4M & 16M BY 16 DDR SDRAMINLFBGA . .................. Release g . .. .. Page 3.11.4-24
FIGURE 3.11.4-18 4M, &M, &16M BY 16 SDRSDRAMINLFBGA .............. Release 9¢10 . ... Page 3.11.4-25
FIGURE 3.11.4-13 8M, 16M, & 32M BY 16 DDR SDRAMIN LFBGA ............ Release 9c10ri1 .. Page 3.11.4-26
FIGURE 3.11.4-20 4M TO 64M BY 16 & 18 SLDRAMINR-PZIP ................ Release 9 ... .. Page 3.11.4-27
FIGURE 3.10.4-21 4M BY 16/18 SLRAMINTSOP2 . ... ... ..ot Release9 .. ... Page 3.11.4-28
FIGURE 3.11.4-22 128K, 256K, & 512K X 32 X 4 BANK DDR SDRAM IN QFP . ... Release 9r10r11 ... Page 3.11.4-29
FIGURE 3.11.4-23 2M, aM & 8M BY 32 DDR SDRAMINFBGA ................ Release 11a .. .. Page 3.11.4-30

FIGURE 3.11.4-24 8M, 16M, 32M & 64M BY 16 SDR SDRAM IN FBGA ......... RAelease 11ar12 . .. Page 3.11.4-31 Ly/
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FIGURE 3.1.4-25 16M & 32M BY 16 SORSDRAMINFBGA . ... ............. Release 11a .. .. Page 3.11.4-32
FIGURE 3.11.4-26 8M, 16M, 32M & 64M BY 16 DDR SDRAM INFBGA .......... Reiease 11a .... Page 3.114-33 .
FIGURE 3.11.4-27 2M & 4M BY 32 SDRSDRAM INLFBGA . . .. ............... Release 11a .... Page 3.11.4-34
FIGURE 3.11.4-28 2M, 4M 8M, & 16M BY 32, Low Power SDR SDRAM

INLPBGA ... . i ittt Release 11ari2ri3 .. Page 3.11.4-3b
FIGURE 3.11.4-29 8M, 16M, 32M, & 64M BY 16 DDR SDRAM IN 60-BALL FBGA

with Optional SupportBalls ................ ..o i Release 12 .... Page 3.11.4-36
FIGURE 3.11.4-30 16M, 32M, 64M, 128M, & 256M BY 16 DDR2 SDRAM

INBO-BALLTFBGA ..o\ e omee e e e e e Release 12r13 ... Page 3.11.4-37
FIGURE 3.11.4-31 4M, 8M, 16M, & 32M X 16 SDRAM INsTSOP ......... Release 12 .... Page 3.11.4-38
FIGURE 3.11.4-32 16M, 32M, 64M, 128M, & 256M BY 16 X 2 DDR2 SDRAM

[ L R Release 13 .... Page 3.11.4-39
FIGURE 3.11.4-33 16M, 32M, 64M, 128M, & 256M BY 16 X 2 DDR2 SDRAM For -

Stacked FBGA Packages Hequmng SupportBalls . ..............0i.s Release 13 .... Page 3.11.4-40
FIGURE 3.11.4-34 4M x 32M DDR2 SDRAM in 144-Ball LF-XBGA ....... e Release 13 .... Page 3.11.4-41
FIGURE 3.11.4-35 8M x 16 DDR SDRAM in 78-Ball TF-BGA . . .. .......... e Release 14 .... Page 3.11.4-42

FIGURE 3.11.4-36 8M, 16M, & 32M x 32 Low Power DDR SDRAM in 90-Bali FBGA . . Release 14 .... Page 3.11.4-43

3.11.5 SDRAM Architectural and Operational Features '
See P 3.11.5-1 for detailed Table of Contents .................. Release 4-9r12 . Page 3.11.5-1

3.11.5.1 - General SDRAM FUNCHiONS .......covvviriiiiiiian s Rel.4r9r12r13 Page 3.11.5.1-1
3.11.5.2 - DDR Specific SDRAM Functions ...............cooovvinn Release 9r12 Page 3.11.5.2-1
3.11.5.3 - ESDRAM Specific SDRAM Functions ...................... Release 9 . Page 3.11.5.3-1
3.11.5.4 - VCSDRAM Specific SDRAM Functions . .................. 0. Release 9 . Page 3.11.5.4~1
3.11.5.5 - DDR2 Specific SDRAM Functions ......................... Release 13 . Page 3.11.5.5-1
3.11.5.6 - GDDR2 Specific SDRAM FUNGHiONS .. ... cvveiveeieevann Release 13 . Page 3.11.5.6-1
3.11.5.7 - GDDR3 Specific SDRAM Functions .. ... iennnn Release 14 . Page 3.11.5.7-1
3.11.6 - SDRAM Parametric Specifications ..................... PR Release 9 ... Page 3.11.6-1
3.11.6.1 - DDR SDRAM/SGRAM /O Voltage .. ................oiu s Release 9 ...Page 3.11.6-3
3.11.6.2 - 256 SDRAM/SGRAM REFRESH SPECIFICATION ........ Release 9 ...Page 3.11.6-3
3.11.6.3-16MB & 64MB TIMING SPECIFICATIONS (LVTTL) ............ Release 8 . Pages 3.11.6-4=>6

3.11.6.4 - STANDARD FOR DOUBLE DATA RATE (DDR)
SDRAM/SGRAM INPUT INTERFACE SPECIFICATIONS .... Release 9 .... Pages 3.11.6-7

3.11.6.5 - DDR SDRAM Self-Refresh Exit Timing ............c.oo00ve Release 9 .... Pages 3.11.6-8
3.11.6.6 - AC TIMING PARAMETERS FOR DDR SDRAMs/SGRAMs ... Release 9 Pages 3.11.6-9=19
3.20. MEMORY DEVICE COMPLETE SPECIFICATION APPENDIX ....... Release 11 ... Page 3.20-1
3.20.1 - DDR SDRAM Device Specification ....................oo0t. Release 11 .... Page 3.20-1
3.20.2 - DDR2 SDRAM Device Specification ......................... Release 11112 .. Page 3.20-1
4. MULTI-CHIP MEMORY MODULES & CARDS ............ccoiiiiiianas Release 7r11 ....... Page 4-1
4.1. Memory Module Nomenclature and General Features ............ Release 7riir13 ... Page 4.1-1
4.1.1 Memory Module Nomenclature Release 1-7 Page 4.1-1
4.1.2 Serial Presence Detect General Standard Release 1-7r9 Page 4.1.2-1
4.1.21 SPD Appendix A, Table of Fundamental Memory Types ...... Release 8r9r12 Page 4.1.2.1-1
4.1.2.2 SPD Appendix B, Table of Superset Memory Types .......... Release 7r9r11. Page 4.1.2.2-1
4.1.2.3 SPD Appendix C, Specific PDs for FP and EDO DRAM ........ Release 7 .. Page 4.1.2.3-1
4.1.2.4 SPD Appendix D, Specific PDs for DDR SDRAM (Rev. 1.0) ..... Rel.7ri1r12r13 . Page 4.1.2.4-1
4.1.25 SPD Appendix E, Specific PDs for SDRSDRAM ........... Release 7r8209r11r12Page 4,1.2.5-1
4.1,2.6 SPD Appendix F, Specific PDs for Addr. MX ROM ............. Release 7 .. Page 4.1.2.6-1
41,27 SPD Appendix G, Notyetassigned .......................... Release 9 .. Page 4.1.2.7-1
4.1.2.8 SPD Appendix H, Table of ESDRAM Attributes ................ Release @ .. Page 4.1.2.8-1
4.1.2.9 SPD Appendix V, Specific PDs for VCSDRAM .. ... .. S Release 9 .. Page 4.1.2.9-1
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4.1.2.10 SPD Appendix X, Specific SPDs for DDR2 SDRAM (Rev. 1.2) Release 13r14 Page 4.1.2.10-1

4.2, One BYTE Modules
4.2.1 - 22 PIN SiP/SIMM 4 bit DRAM MCDULE
4.2.2 - 24 PIN SIP/SIMM 4 bit DRAM MODULE
4.2.3 - 30 PIN SIP/SIMM 8 or 9 bit DRAM MODULE
4.2.4 - 30 PIN SIP/SIMM 1, 2, 4, 5, or 8 bits DRAM MODULE FAMILY
4.2.5 - 23/25/26/28 PIN ZIP/SIMM 1 or 4 bit DRAM MODULE FAMILY
4.2.6 - 60 PIN ZIP/SIMM 4 bit SRAM MODULE
4.27 - 70 PIN ZIP/SIMM 9 bit SRAM MODULE

FIGURE 4.2-1, 22, 24,& 30 PIN DRAM MODULES
FIGURE 4.2-2, 30 PIN DRAM MODULE FAMILY
FIGURE 4.2-3, 23/25/26/28 PIN DRAM MODULE FAMILY

FIGURE 4.2-4, 2 X 64K TO 1M BY 4, 60 PIN SRAM MODULE FAMILY
FIGURE 4.2-5, 64K TO 1M BY 9, 70 PIN SRAM MODULE FAMILY

4.3. Two BYTE Modules and Cards
4.3.1 - 76 PIN ZIP/SIMM 2 or 18 bit SRAM MODULE
43,2 - 40PINSIP/SIMM 1,2, 4,5, 8, 9, 16, or 18 DRAM MOD FAMILY
4.3.3 - 60 PIN DRAM 16 or 18 bit CARD FAMILY
4.3.4 - 68 PIN MULTIPLE TECHNOGY MEMORY 16 bit CARD FAMILY
FIGURE 4.3-1, 2 X 64K TO 1M BY 9, 76 PIN SRAM MODULE FAMILY
FIGURE 4.3-2, 40 PIN DRAM MODULE FAMILY
FIGURE 4.3-3A, 60 PIN DRAM CARD FAMILY PIN CONNECTIONS
FIGURE 4.3-3B, 60 PIN CARD FAMILY BLOCK DIAGRAMS
FIGURE 4.3-4A, 68 PIN MULTIPLE TECHNOLOGY CARD FAMILY
FIGURE 4.3-4B, 68 PIN MULTIPLE TECHNOLOGY CARD FAMILY
FUNCTION TRUTH TABLES

4.4. Four BYTE Modules and Cards

4.4.1 - 64 & 72 PIN ZIP/SIMM 32 bit SRAM MODULE
FIGURE 4.4.1-1, 16K TO 4M BY 32, 64 & 72 PIN SRAM MODULE FAMILY
4.4.2 - 72 PIN SIMM 32 or 36 bit DRAM MODULE FAMILY
- 72 PIN 3!MM 36 or 3¢ DRAM ECC MODULE FAMILY
FIGURE 4.4.2-2 A, 256K TO 256M BY 36. 72 PIN DRAM MODULE PINOUT
FIGURE 4.4.2-2 B=K, 72 PIN 36 BIT DRAM SIMM BLOCK DIAGRAMS
FIGURE 4.4.2-3 A, 256K TO 256M BY 32, 36. & 40 BIT 72 PIN DRAM MODULE ...
FIGURE 4.4.2-3 B=C 72 PIN 32, 36, & 40 BIT DRAM SIMM BLOCK DIAGRAMS ..

4.4.3 - 88 PIN, 32/36/3% bit DRAM CARD FAMILY
FIGURE 4.4.3-1 A, 256K TCO 128M BY 36, 88 PIN DRAM CARD FAMILY

FIGURE 4.4.3-1 B, 256K TO 128M BY 36, 88 PIN DRAM CARD FAMILY
CONFIGURATION TABLES

FIGURE 4.4.3-1 C, 256K TO 128M BY 36, 88 PIN DRAM CARD FAMILY BLOCK DIAG.
FIGURE 4.4.3-1 D, 256K TO 128M BY 36, 88 PIN DRAM CARD FAMILY BLOCK DIAG.
FIGURE 4.4.3-1 E, 256K TO 128M BY 36, 88 PIN DRAM CARD FAMILY BLOCK DIAG.
FIGURE 4.4.3-1 F, 256K TO 128M BY 36, 88 PIN DRAM CARD FAMILY BLOCK DIAG.

- 88 PIN, 40 bit DRAM CARD FAMILY
FIGURE 4.4.3-2 A, 256K TO 128M BY 40 DRAM CARD
FIGURE 4.4.3-2 B, 256K TO 128M BY 40 DRAM CARD PD TRUTH TABLE
FIGURE 4.4.3-2 C, 256K TO 64M BY 40 DRAM CARDUSING BY 4 DEVICES
FIGURE 4.4.3-2 D, 512K TO 128M BY 40 DRAM CARD USING BY 4 DEVICES .. ..

---------------------------------------------
.......................

......................

- XX -

Release 7 ..... Page 4.2-1
Release 1-7 ... .. Page 4.2-1
Release 1-7 ... .. Page 4.2-1
Release 4-7 ..... Page 4.2-1
Release 1-7 ..... Page 4.2-1
Release 1-7 ... .. Page 4.2-2
Release 1-7 ... .. Page 4.2-2
Release 1-7 .. ... Page 4.2-2
Release 4-7 ....... Page 4.2-3
Release 1-7 ....... Page 4.2-4
Release 1-7 ....... Page 4.2-5
Release 1-7 ..... Page 4.2-6
Release 1-7 ..... Page 4.2-7
Release7 ...... Page 4.3-1
Release 1-7 ... .. Page 4.3-1
Release1-7 ..... Page 4.3-1
Release 2-7 ..... Page 4.3-1
Release 3-7 ..... Page 4.3-1
Release 1-7 ....... Page 4.3-3
Release 1-7 ....... Page 4.3-4
Release2-7 ....... Page 4.3-5
Release2-7 ....... Page 4.3-6
Release 3-7 ....... Page 4.3-7
Release 3-7 ....... Page 4.3-8
Release 7 ...... Page 4.4-1
Release 6-7 ... Page 4.4.1-1
Release 6-7 . ... Page 4.4.1-2
Release 6-7 ... Page 4.4.2-1
Release 6-7 ... Page 4.4.2-1
Release 6-7¢8 ... .. Page 4.4.2-3
Release 6-7 .. Page 4.4.2-4=13
Release 6-7 ... .. Page 4.4.2-14
Release 6-7 . Page 44.2-15=>16
Aelease 6-7 .. ... Page 4.4-1
Release 6-7 ...... Page 4.4.3-3
Release 6-7 ...... Page 4.4.3-4
Release 6-7 ...... Page 4.4.3-5
Release 6-7 ...... Page 4.4.3-6
Release 6-7 ...... Page 4.4.3-7
Release 6-7 ...... Page 4.4.3-8
Release 4-7 ..... Page 4.4.3-1
Release 4-7 ...... Page 4.4.3-9
Release 4-7 ... .. Page 4.4.3-10
Release 4-7 ..... Page 4.4.3-11
Release 4-7 ... .. Page 4.4.3-12
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Section ' Release # Page #
FIGURE 4.4.3-2 E, 512K TO 32M BY 40 DRAM CARD USING BY 8 DEVICES ... .. Released4-7 ..... Page 4.4.3-13
FIGURE 4.4.3-2 F, 1M TO 64M BY 40 DRAM CARD USING BY 8 DEVICES ....... Release 4-7 . .... Page 4.4.3-14

4.4.4 - 72PIN32or 36 bit DRAM SC-DIMM FAMILY .................. Release 5-7 .... Page 4.4.4-1
FIGURE 4.4.4- A 32 & 36 BIT 72 PIN DRAM SO-DIMM PINOUT, PRESENCE DETECT &
CONFIGURATIONTABLES ...ttt iiiraieareninaanas Release 6-7 ...... Page 4.4.4-1
FIGURE 4.4.4-B-D 32 & 36 BIT DRAM SO-DIMM BLOCK DIAGRAMS .......... Release 5-7 ... Page 4.4.4-2=5
4.4.5 --88 PIN 32 or 36 bit DRAM SO-DIMM FAMILY .................. Release 5-7 .. .. Page 4.4.5-1
FIGURE 4.4.5-A, 88 PIN 32 & 36 BIT DRAM SO-DIMM PINOUT . ...... P Release 6-7 ...... Page 4.4.5-2
FIGURE 4.4.5-B, 88 PiN 32 & 36 BiT DRAM SO-DIMM PD TRUTH TABLES ...... Release 6-7 ... ... Page 4.4.5-3
FIGURE 4.4.5-C=F, 88 PIN 32 & 36 BIT DRAM SO-DIMM BLOCK DIAGRAMS .. .. Release 6-7 ... Page 4.4.5-4=7 "
4.4.6 - 112 PIN 32 bits MPDRAM SO-DIMM FAMILY .................. Release 5-7 .... Page 4.4.6-1
FIGURE 4.4.6-A, 112 PIN 32 BIT MPDRAM DIMM PINOUT ................... Release 6-7 ...... Page 4.4.6-2
FIGURE 4.4.6- B, C, 112 PIN 32 BIT MPDRAM DIMM :
PD TRUTH TABLES AND BLOCK DIAGRAMS . .................... Release 6-7 . ... Page 4.46-3,4
4.4,7 - 80 PIN 32 bit EEPROM SIMM FAMILY .............cocvninnnn Release 4-7¢8 .. Page 4.4.7-1
FIGURE 4.4.7-A, 128K TO 8M BY 32 EEPROM SIMM, PINOUT AND PD TABLES .. Release 4-7 ......Page 4.4.7-3
FIGURE 4.4.7-B, 128K TO 8M BY 32 EEPROM SIMM BLOCK DIAGRAM .. ....... Release 4-7 .. .... Page 4.4.7-4
4.4.8 - 100 PiN 32, 36, or 40 BIT DRAM, SDRAM, ROM DIMM FAMILY ... Release7 .... Page 4.4.8-1
FIGURE 4.4.8-B & C, 32, 36, or 40 bit 100 PIN MODULE PINOUT .............. Release7c8 .... Page4.4.8-3,4
FIGURE 4.4.8-D, 32, 36, or 40 bit 100 PIN MODULE PIN COMPARISON .......... Release 7 ....... Page 4.4.8-5
FIGURE 4.4.8-E, 32, 36, or 40 bit 100 PIN MODULE CLOCK WIRING ...... S Release 7¢8 ...... Page 4.4.8-6
FIGURE 4.4.8-F=AE, 32, 36, or 40 bit 100 PIN MODULE BLOCK DIAGRAMS ... . .. Relgase 7c8 .. Page 4.4.8-7=32
4.5. Eight BYTEModulesand Cards .........civinvanenmerrrnannnns Release 7r8r9ri2 ... Page 4.5-1
4.5.1 - 168 PIN Buffered DRAM, 64, 72, or 80 Bit DIMM FAMILY ....... .. Release 6-7 ... Page 4.5.1-1

FIGURE 4.5.1-A-B, 64, 72, or 80 BIT SIMM PINOUT, TOP & BOTTOM HALVES . ... Release 4-719 ... Page 4.5.1-2,3
FIGURE 4.5.1-C, 64, 72, or 80 BIT SIMM

' PRESENCE DETECT & CONFIGURATION TABLES ................. Release 6-7 ..... Page 4.5.1-4
FIGURE 4.5.1-D, 64, 72, & 80 BIT DRAM SIMM Capacity Table ................ Release 4-7 ... .. Page 4.5.1-5
FIGURE 4.5.1-E-AB, 64, 72, & 80 BIT CONFIGURATION BLOCK DIAGRAMS . ... Release 4-c7c8 . Page 4.5.1-6-28
4.5.2 - 200 PIN SDRAM, 64, 72, or SO DIMM FAMILY . .............. ... ... Release 5-7c8c9ril . Page 4.5.2-1
FIGURE 4.5.2-A, B, 8 -BYTE SDRAMDIMMPINOUT .................ot Release 5-7r8ri1 .. Page 4.5.2-3,4
FIGURE 4.5.2- C, 8-BYTE SDRAM DIMM :
PRESENCE DETECT & CONFIGURATION TABLES ................. Release 5-7 ..... Page 4.5.2-5
FIGURE 4.5.2-D, E, 8-BYTE SDRAM DIMM MECHANICAL KEY AND PIN DEFINITIONS . Release 5-7 ... .. Page 4.5.2-6
FIGURE 4.5.2-F-M, 8-BYTE SDRAM DIMM BLOCK DIAGRAMS . .............. Release 5-7 ... Page 4.5.2-7,14 -
. 4.5,3 - 168 PIN Unbuffered DRAM, 64, 72, or 80 DIMM FAMILY withSPD ... ........ Release 5-7 . ... Page 4.5.3-1
FIGURE 4.5.3-A, B, 8 -BYTEDRAM DIMM PINOUT ..................cuit, Release 5-7r9 ... Page 4.5.3-2,3
FIGURE 4.5.3-D, 8-BYTE DRAM DIMM MECHANICAL KEY AND PIN DEFINITIONS . ... Release5-7 ..... Page 4.5.3-5
FIGURE 4.5.3-E, Pinout comparison, 168P DRAM &SDRAM .................... Release 5-7¢8 .... Page 4.5.3-6
FIGURE 4.5.3- F, 8-BYTE DRAM DIMM
PRESENCE DETECT & CONFIGURATIONTABLES ................ Release 5-7i8-1 ... Page 4.5.3-7
FIGURE 4.5.3-G-U, 8-BYTE DRAM DIMM BLOCK DIAGRAMS ................ Release 5-7r§ .. Page 4.5.3-8,20
4.5.4 - 168 PIN Unbuffered SDRAM, 64, 72, or 80 DIMM FAMILY withSPD . ........ Release 5-7¢8 ... Page 4.5.4-1
FIGURE 4.5.4-A, B, 8 -BYTE SDRAMDIMM PINOQUT ..............cinvnenn Release 5-7r9 ... Page 4.5.4-2,3
FIGURE 4.5.4- C, 8-BYTE SDRAM DIMM
PRESENCE DETECT & CONFIGURATION TABLES ................. Release 5-718 . ... Page 4.5.4-4
FIGURE 4.5.4-E, 8-BYTE SDRAM DIMM MECHANICAL KEY AND PIN DEFINITIONS . . . Release 5-718 . ... Page 4.5.4-6
FIGURE 4.5.4-1-AK, 8-BYTE SDRAM DIMM BLOCK DIAGRAMS ............. Release 5-7r8r9 Page 4.5.4-10=38
4,5.5 ~ 144 PIN Unbuffered DRAM, 84, or 72, SO-DIMM FAMILY withSPD . ......... Release 5-718 ... Page 4.5.5-1
FIGURE 4.55-A, B, 8 -BYTEDRAMDIMMPINOUT ...............ccven e Release b-7r8 ... Page 4.5.5-2,3
Release 14 ‘
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Section Release # Page #
FIGURE 4.5.5-C, 8-BYTE DRAM DIMM MECHANICAL KEY AND PIN DEFINITICNS ... Release 5-7 ... .. Page 4.5.5-4
FIGURE 4.5.5-'E, 8-BYTE DRAM DIMM

PRESENCE DETECT & CONFIGURATION TABLES ................. Release 5-7 ... .. Page 4.5.5-6
FIGURE 4.5.5-F-AB, 8-BYTE DRAM DIMM BLOCK DIAGRAMS ............... Release 5-7r8  Page 4.5.5-7=16
4.5.6 - 144 PIN Unbuffered SDRAM, 64, or 72 SO-DIMM FAMILY with SPD . ........ Release 5-7 . ... Page 4.5.6-1
FIGURE 4.5.6-A, B, 8 -BYTEDRAMDIMMPINOUT .. ..........cooviii it Release 5-7r9 ... Page 4.5.6-2,3
FIGURE 4.5.6- C, 8-BYTE DRAM DIMM ‘
PRESENCE DETECT & CONFIGURATION TABLES ................. Release 5-7 ... .. Page 4.5.6-6
FIGURE 4.5.6-D, 8-8YTE DRAM DIMM MECHANICAL KEY AND PiN DEFINITIONS ... Release 5-7 ... .. Page 4.5.6-4
FIGURE 4.5.6-G-P, 8-BYTE DRAM DIMM BLOCK DIAGRAMS .......... Ceeee Release 5-7 . Page 4.5.6-7=17
4.5.7 - 168 PIN Registered SDRAM, 64, 72 or 80 DIMM FAMILY with SPD .......... Release 811 ... . Page 4.5.7-1
FIGURE 4.5.7-A, B, 8 -BYTEDRAMDIMM PINOUT ... ..............ooi Release 8r9 . ... Page 4.5.7-2,3
FIGURE 4.5.7- C, 8-BYTE DRAM DIMM
PRESENCE DETECT & CONFIGUF{ATION TABLES .................. Release 8 ...... Page 4.5.7-4
FIGURE 4.5.7-D, 8-BYTE DRAM DiMM MECHANICAL KEY AND PIN DEFINIIONS .... Release8 ...... Page 4.57-5
FIGURE 4.5.7-i-X, 8-BYTE DRAM DIMM BLOCK DIAGRAMS .............. Release 8cIr10ri1 Page 4.5.7-9=24
4.5.8 - 144 PIN SGRAMSDRAM, 32 & 64 SO-DIMM FAMILY withSPD ............ Release 8110 . . .. Page 4.5.8-1
FIGURE 4.5.8-A, B, 8 -BYTEDRAMDIMMPINCUT ............... ...l Release 8r9r10 . . . Page 4.5.8-2,3
FIGURE 4.5.8- C, 8-BYTE DRAM DIMM
PRESENCE DETECT & CONFIGURATION TABLES . ................. Released ...... Page 4.5.8-4
FIGURE 4.5.8-D-F, 8-BYTE DRAM DIMM LAYOUT CONSIDERATIONS ............. Release 8 ... Page 4.5.8-5=0

FIGURE 4.5.8-G-J, 8-BYTE DRAM DIMM BLOCK DIAGRAMS ................

Release 8ri0 Page 4.5.8-10=13

4,59 - 144 PIN SGRAM SO-DIMMFAMILY . ......... ...t Release 9 ... Page 4.5.2-1
FIGS. 45.9-A&B,PINASSIGNMENTS ... . ... . .ot Release 9 .. Page 4.5.9-2,3
FIGURE 4.5.9-C, CLOCKNETROUTING ..............ciiiiiiiiiiran. .. Release 9 ... Page 45.9-6
FIGURE 4.5.9-D TO G, BLOCKDIAGRAMS .. ... . Release 9 Page 4.5.9-7=10

4.5.10 - 184 PIN UNBUFFERED DDR SDRAM DIMM FAMILY .......... Release 9 .. Page 4.5.10-1
FIGURES. 4.5.10-A, & B, PIN ASSIGNMENTS .........ccoiviiineinny Release 9r12 Page 4.5.10-2,3
FIGURES. 4.5.10-C, SUMMARY OF FEATURES AND PIN DESCRIPTION ......... Release 9 .. Page 4.5.10-4
FIGURE 4.5.10-0, SPD TABLE & INFORMATION ....................... ... Release 9 .. Page 4.5.10-5
FIGURE 4.5.10-E, COMPARISON OF 184 PIN

UNBUFFERED SDR SDRAM & DDR SDRAM DIMM-- .. .............. Release @ .. Page 4.5.10-6
FIGURE 4.5.10-F, KEYING METHODOLOGY ............cciiiiiiiiiianssns Release 9 .. Page 4.5.10-7
FIGURE 4.5.10-G & H, VDDIDDEFINITION .. ... . oo ns Release 9 .. Page 4.5.10-8&9

FIGURES 4.5.10-1 through P, CONFIGURATION BLOCK DIAGRAM-- ............

4.5.11 - 184 PIN UNBUFFERED SDR SDRAM DIMM FAMILY ...........
FIGURES. 4.5.11-A, & B, PIN ASSIGNMENTS ............coviciiia it
FIGURES. 4.5.11-C, SUMMARY OF FEATURES AND PIN DESCRIPTION ........
FIGURE 4.5.11-D, SPD TABLE & INFORMATION ................ ... .00t

FIGURE 4.5.11-E, COMPARISON OF 184 PIN
UNBUFFERED SDR SDRAM & DDR SDRAM DIMM-- ...............

FIGURE 4.5.11-F, KEYING METHODOLOGY ............. ... ..ot
FIGURE 4.5.11-G &H, VDDID DEFINITION .. ....... ...,
FIGURE 4.5.11-1&J,CLOCKLAYOUT . ....... oo
FIGURE 4.5.11-G & H, FETSWITCHSTRUCTURE .. . ........... ...t
FIGURES 4.5.11-1 through U, CONFIGURATION BLOCK DIAGRAM-- ..........

Release 9 Page 4.5.10-10=17

Release 10 . .. Page 4.5.11-1
Release 10 . Page 4.5.11-2,3
Release 10 ... Page 4.5.11-4
Release 10... Pags 4.5.11-5
Release 10 ... Page 4.5.11-6
Release 10 ... Page 4.5.11-7

Release 10 .. Page 4.5.11-8 &9
Release 10 Page 4.5.11-10 & 11
Release 10.... Page 45.11-12
Release 10 Page 4.5.11-13=23

4,5.12 - 184 PIN DIMM FAMILY SUPPLEMENTARY DESIGN STANDARDSRelease 10 Page 4.5.12-1, 2

FIGURES 4.5.12-A through Q, CONFIGURATION BLOCK DIAGRAM-- . ... ......
FIGURE 4.5.12-R &S, CLOCKLAYOUT ... ... e
FIGURES. 4.5.12-TA, & TB, 184 DDR REGISTERED DIMM PIN ASSIGNMENTS . .

- XXii -

Release 10 . Page 4.5.12-3=19
Release 10 Page 4.5.12-20=+ 23
Release 10 Page 4.5.12-24=26
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4,513 - 144 & 168 PIN PROCESSOR ENHANCED MEMORY MODULE

FAMILIES WITH EDO-DRAM CRSDRAM ..............civeiinns Refease 10 .. Page 4.5.13-1
4.5.13.1, PEMM SPECIFIC TERMS ANDDEFINITIONS .. .........ovvvininnns Belease 10.. Page 4.5.13-2
45.13.2, PEMM MODES OF OPERATION . . .. ..ot as Release 10 Page 4.5.13-3=7
4.5,13.3, REPRESENTATIVE BLOCK DIAGRAMS .............c it Release 10 . Page 4.5.13-8=12

4.5.14 - 240 PIN UNBUFFERED AND REGISTERED DDR2 SDRAM '

DIMM FAMILY .ottt et i et ra e Release 12 .. Page 4.5.14-1
FIGURES 4.5.14-A, & B, PINASSIGNMENTS . ............ it Release 12. Page 4.5.14-2,3
FIGURE 4.5.14-C, PINDESCRIPTION . ..... ... oo iiiiiiiae Releass 12.. Page 4.5.14-4
FIGURE 4.5.14-D, PINSUMMARY - ... ...ttt aanes Release 12 .. Page 4.5.14-56

4.6. Sixteen BYTEModUIES . .......ccoiiii i it iiii e Release 7 ...... Page 4.6-1
4.6.1 - 278 PIN Buffered SDRAM, 144 Bit DIMM FAMILY ................ Reolease7 .... Page 4.6.1-1

FIGURE 4.6.1-A,B,C, 144 BIT SIMM PINOUT, TOP, MIDDLE, & BOTTOM PARTS ... Release 7¢8 .. Page 4.6.1-2,3,4
FIGURE 4.6.1-D, 144 BIT SIMM

PRESENCE DETECT & CONFIGURATION TABLES .................. Release7 ...... Page 4.6.1-5

FIGURE 4.6.1-E, F, 144 BIT SDRAM DIMM MECHANICAL KEY AND PIN DEFINITIONS . Release 5-7 ... .. Page 4.6.1-6
FIGURE 4.6.1-G, H, 144 BIT SDRAM CONFIGURATION BLOCK DIAGRAMS ...... Release 7 .... Page 4.6.1-7,8
4.20 - MODULE SPECIFICATION APPENDIX ..........covoiiiiiin, Release 11ri2ri3 . Page 4.20~1
4.20.1 ~ Standard Template for JEDEC Module Specification Standards ............ Release 11 .. Page 4.20.1-1=4
4.20.2 - 168 Pin PC133 SDRAM Registered DIMM Design Specification ............. Release 11 . Page 4.20.2-1=71

4.20.3 - 144 Pin PC133 SDRAM Unbuffered SO-DIMM Reference Design Specification Release 11 . Pagé 4.20.3-1=-26
4,20.4 - 184 Pin PC1600/2100 DDR SDRAM Registered DIMM Design Specification . . Release 11r12 Page 4.20.4-1=61
4.20.5 - 184 Pin PC1600/2100 DDR SDRAM Unbuffered DIMM Design Specification . . Release 11r12 Page 4.20.5-1=41
4.20.6 - 200 Pin PC3200/PC2700 DDR SDRAM Unbuffered SO-DIMM

Reference Design Spec. . ...l e e Release 11113 Page 4.20.6-1=>28
4.20.7 - 184 Pin, PC2700/3200 DDR SDRAM Registered DIMM
Reference Design Specification, Rev. 2.0 . ..... ... oo Release 12r14 Page 4.20.7-1=>58
4.20.8 - 184 Pin, PC3200/PC2700 DDR SDRAM Unbuflered DIMM
with TSOP-Based DRAMs Reference Design Specification ................ Release 12r13 Page 4.20.8-1=44
4,20.9 - 100 Pin, DDR SDRAM Unbuifered 32b DIMM .
Reference Design Specification, Rev 1.1 ............. .ot Release 13r14 Page 4.20.9-1=32
4.20.10 - 240-Pin PC2-3200/PC2-4300 DDR2 SDRAM Registered DIMM
Aeference Design Specification, Rev. 1.0 ....... ... ... i Release 14 Page 4.20.10-1=68
4.20.11 - 200-Pin PC2-4200/PC2-3200 DDR2 SDRAM Unbuffered SO-DIMM
Reference Design Specificafion, Rev. 0.52 . ... ...........oo o oo Release 14 Page 4.20.11 -1=2d4
4.20.12 - 214-Pin PC2-4200/PC2-3200 DDR2 SDRAM Unbutfered MicroDIMM
Reference Design Specification, Rev 0.5 .......... .. oo Release 14 Page 4.20.12-1=28
4.20.13 - 240-Pin PC2-3200/PC2-4300 DDR2 SDRAM Unbuffered DIMM
Reference Design Specification, Rev. 1.0 .. ........ .. oo Reiease 14 Page 4.20.13-1=54
5 PROGRAMMABLE LOGIC AND ASIC DEVICES ........................ Release1 ........ Page 5-1
SAPINOUtStandards ......ixiiiiiaiiirararciar st e ey Release1 ........ Page 5-1
5.1.1 PIN-OUT STANDARDS FOR PLD DIP TO SCC CONVERSION ..... Release 4 ........ Page 5-1
5.1.1.1 - 20 PIN DIP to 20 TERMINAL SCC, 0.350" BY 0.350", Fig. 5-1 .. Release1 ........ Page 5-1
5.1.1.2 - 24 PIN DIP to 28 TERMINAL SCC, 0.450" BY 0.450", Fig. 5-2 .. Release1 ........ Page 5-1
5.1.1.3 - 28 PIN DIP to 28 TERMINAL SCC, 0.450" BY 0.450", Fig. 5-2 .. Release1 ........ Page 5-1
5.1.1.4 - 24 PIN FUNCTIONS
IN 28 PINDIP & 28 TERMINAL SCC, Fig. 5-9 .............. Release 1 ........ Page 5-1
5.1.1.5 - 20 PIN FUNCTIONS IN 28 TERMINAL SCC AND 24 PIN DIP
FOR HIGH SPEED OPERATION, Fig. 5-11 ................. Release 4 ........ Page 5-1
Release 14
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5.1.2 POWER PIN LOCATIONS FOR PLD and ASIC DEVICES ......... Release1 ........ Page 5-1
5.1.2.1 - POWER PIN LOCATIONS FORECLPLDINDIP ............. Release 1 ........ Page 5-1
5.1.2.2 - POWER PIN LOCATIONS FOR TTLPLD INDiIPand CC ...... Release1 ........ Page 5-1
5.1.2.3 - FOWER PIN LOCATIONS FOR TTL PHOGRAMMABLE ASIC
INDIPand CC ... i e e e Release 1 ........ Page 5-1
5.1.2.4 - POWER PIN LOCATIONS FORPLD IN132PINQFP ......... Release1 ........ Pagse 5-1
5.1.3Nomenclature for FPLD ........ccoc i i iiisiivienanernaries .. Releasel ........ Page 5-1
514PLDDataTransfer Format ...........ccociiiiiiiivinerrirnnsnns Release1 ........ Page 5-1
5.1.5PLD Standard OUTPUT LOADS .........cciiiviiiiiciiiirennnas Release5 ........ Page 5-1
FIGURE 5-1, 20 PIN DIP TQ 20 TERMINAL CC PLD CONVERSION ............. Ralease1 ......... Page 5-3
FIGURE 5-2, 24 & 28 PIN DIP TO 27 TERMINAL CC CONVERSION ............. Release 2 ......... Page 5-4
FIGURE 5-3, POWER PIN PLACEMENT FORECLPLD: ...............covvvs Release1 ......... Page 5-5
FIGURE 5-4, 40 PINDIP PLD POWER PINPLACEMENT .............c0vvvvne Release1 ......... Page 5-6
FIGURE 5-5, 44 TERMINAL CC POWER PINPLACEMENT . ................... Release1 ......... Page 5-7
FIGURE 5-6, 48 & 64 PIN DIP ASIC POWER PIN PLACEMENT ........... A Release 1 ......... Page 5-8
FIGURE 5-7, 52, 68, & 84 TERMINAL CC ASIC POWER PIN PLACEMENT ........ Release1 ......... Page 5-9
FIGURE 5-8A, PLD STANDARD LOADS, DEFINITIONS ............coovintt. Release5 ......... Page 5-11
FIGURE 5-8B, PLD STANDARDLOADCIRCUIT . .. ...t Release 5 ........ Page 5-12
FIGURE 5-8C, PLD OUTPUT LOAD CALCULATIONS ........................ Release 5 ........ Page 5-13
FIGURE 5-8D, PLD ACLOAD LINES ... ... i it ee e Release5 ........ Page 5-14
FIGURE 5-9, 24 PIN PLD FUNCTIONS IN28 PINDIPANDSCC ................ Released ........ Page 5-15
FIGURE 5-10, 132 PIN PQFP POWERPINLOCATIONS . ..................... Release 3 ........ Page 5-16
FIGURE 5-11, HIGH SPEED PINOUT FOR 20 PINPLD FUNCTIONS . ......... ... Release 4 ........ Page 5-17
6 APPLICABLE OTHER DOCUMENTS ......i.ociiiiiiiiniciiinnnnnnaas Release1 ........ Page 6-1 ( '
6.1 - Standard Manufacturers Identification Code.,
JEDEC Publication NO. 106A .......c..viiiiiiiniiiriimnrnnrninn Release1........ Page 6-1
6.2 - Interface Standard for Low Voltage TTL-Compatible Devices (LVTTL),
JEDEC Standard No. 8 and Addendum No.1 .................... Release1 ........ Page 6-1
6.3 - Package Outlines, JEDEC Publication 95 ........................ Release1 ........ Page 6-1
6.4 = PLD Data Transfer Format, JEDEC Standard3~B ................. Release1 ........ Page 6-1
6.5 - Nomenciature for FPLD, EIA Standard R$-428 .................,. Release1 ........ Page 6~1
6.6 - DDR SDRAM Device Specification, JESD=79 ..........ccivuurennn Release 1t ....... Page 6-1
Annex A - (Informative) Differences Between Release 14 and Release 13 . Release 14 ...... Page A-1

Release 14
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3.11.5 SDRAM & SGRAM Architectural and Operational Features

The following standards describe features or characteristics that are applicable to one or more of the
SDRAM devices described in section 3.11 of Std. 21-C. This section is being reorganized in Release
9 to accommodate several new categories of devices being covered. The original Standards in-
cluded inthis section covered only Single Data Rate (SDR) SDRAMSs (these devices were initially just
referred to as SDRAM). This coverage has expanded to include Double Data Rate (DDR) SDRAMSs,
Enhanced SDRAMs (ESDRAM), and Virtual Channel SDRAM (VCSDRAM). The new organization
of Section 3.11.5 brings together into one sub-section all standards specifically applicable to one
class of device. All standards in the following section that are defined for SDRAM, are also applicable
to SGRAM, (even though SGRAM is not mentioned), unless SGRAM is specifically excluded.

A complete Table of Contents of all SDRAM & SGRAM Features follows.

3.11.5.1 - General SDRAM Functions
3.11.5.1.1 - SDRAM FUNCTION TRUTH TABLE
3.11.5.1.2 - SDRAM FUNCTION TRUTH TABLE FOR CKE
3.11.5.1.3 - SDRAM MODE REGISTER ARCHITECTURE
3.11.5.1.4 - POWER ON SEQUENCE (RECOMMENDED)
3.11.5.1.5 - AUTO PRECHARGE
3.11.5.1.6 - PRECHARGE ALL BANKS
3.11.5.1.7 - MODE REGISTER WRITE TIMING
3.11.5.1.8 - AUTO REFRESH
3.11.5.1.9 - WRITE LATENCY
3.11.5.1.10 - DQM LATENCY FOR READS AND WRITES
3.11.5.1.11 - PRECHARGE TIMING FOR READS
3.11.5.1.12 - COLUMN ADDRESS TO COLUMN ADDRESS DELAY
3.11.5.1.13 - CKE TIMING FOR POWER DOWN
3.11.5.1.14 - CKE TIMING FOR CLOCK SUSPEND
3.11.5.1.15 - SELF REFRESH ENTRY AND EXIT
3.11.5.1.16 - Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs
3.11.5.1.17 - Full Page Burst Mode for SDRAM/SGRAM
3.11.5.1.18 - Deep Power Down Mode
3.11.5.2 - DDR Specific SDRAM Functions
3.11.5.2.1 - Bi-Directional DQS for DDR SDRAM
3.11.5.2.2 - Differential Clock for DDR SDRAMs & SGRAMs
3.11.5.2.3 - Read Interrupting a Write Operation for DDR SDRAMs/SGRAMs
3.11.5.2.4 - Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs
3.11.5.2.5 - Precharge Timing for Reads for DDR SDRAMs/SGRAMs
3.11.5.2.6 - Precharge Timing for Writes for DDR SDRAMs/SGRAMs

Release 4r8r9r12
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3.11.5.2.7 - Burst Stop Command for DDR SDRAMs/SGRAMs
3.11.5.2.8 - DDR SDRAM/SGRAM Full Sequential Burst Ordering
3.11.5.2.9 - DDR SDRAM QS Coincident with Data
3.11.5.2.10 - Extended Mode Register Set for DDR SDRAM / SGRAM.
3.11.5.2.11 - DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS
3.11.5.2.12 - Refresh Requirements
3.11.5.2.13 - MRS/EMRS for Low Power DDR SDRAM

3.11.5.3 - ESDRAM Specific SDRAM Functions
3.11.5.3.1 - Read-AutoPrecharge Operation for SDR ESDRAM
3.11.5.3.2 - Read-AutoPrecharge Operation for DDR ESDRAM
3.11.5.3.3 - Cache Load Operation for SDR ESDRAM
3.11.5.3.4 - Cache Load Operation for DDR ESDRAM
3.11.5.3.5 - No Write Transfer, Mode of Operation for SDR ESDRAM
3.11.5.3.6 - No Write Transfer, Mode of Operation for DDR ESDRAM

3.11.5.4 - VCSDRAM Specific SDRAM Functions
3.11.5.4.1 - Command Table for Virtual Channel SDR SDRAM
3.11.5.4.2 - Command Table for Virtual Channel DDR SDRAM
3.11.5.4.3 - Virtual Channel SDR SDRAM Mode Register Architecture
3.11.5.4.4 - Virtual Channel DDR SDRAM Mode Register Architecture

3.11.5.5 - DDR2 Specific SDRAM Functions

3.11.5.6 - GDDR2 Specific SGRAM Functions

j 3.11.5.7 - GDDR3 Specific SGRAM Functions

Release 9r12r13r14
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3.11.5.1 - General SDRAM Functions

The Standards in this section are general functions that are applicable to both SDR and DDR
SDRAM except where that function is specifically covered for a class of devices in one of the
following sections.

3.11.5.1.1 - SDRAM FUNCTION TRUTH TABLE

This table defines the interface states required to execute the standard SDRAM operational
functions. The original publication of this standard in Release 4 contained errors that are cor-
rected in Release 5

3.11.5.1.2 - SDRAM FUNCTION TRUTH TABLE FOR CKE

This table defines the interface states required to execute the standard SDRAM operational
functions with respect to the CKE input. The original publication of this standard in Release 4
contained errors that are corrected in Release 5

3.11.5.1.3 - SDRAM & SGRAM MODE REGISTER ARCHITECTURE
This standard describes the architecture of the SDRAM & SGRAM internal MODE REGISTER
and the codes that are allowable for use in it. This is applicable to both SDR & DDR devices.
3.11.5.1.4 through 3.11.5.1.17 — SDRAM OPERATIONAL CYCLES AND MODES

The following standards define and describe a number of operational cycles and modes of
SDRAM. They are ordered roughly in the sequence in which they would be used in normal
SDRAM operation.

3.11.5.1.4 - POWER ON SEQUENCE (RECOMMENDED)

This standard gives a recommended power, clock, and logic-level sequence to be used on power-
up to prevent data bus contention.

3.11.5.15- AUTO PRECHARGE

This standard gives the logic function used to active the AUTO-PRECHARGE function.
3.11.5.1.6 - PRECHARGE ALL BANKS

This standard gives the logic function used to activate the PRECHARGE-ALL-BANKS function.
3.11.5.1.7 - MODE REGISTER WRITE TIMING

This standard defines the logic sequence and timing required to write into the MODE REGISTER.

3.11.5.1.8 - AUTO REFRESH

This standard defines the logic state and interface sequence required to perform an AUTO RE-
FRESH

3.11.5.1.9 - WRITE LATENCY
This standard defines WRITE LATENCY and illustrates it with a timing diagram.

3.11.5.1.10 - DQM LATENCY FOR READS AND WRITES
In this standard DQM LATENCY is defined and the relationships between the DQM signal and the
interface data for READs and WRITEsS is defined and shown in timing diagrams.

3.11.5.1.11 - PRECHARGE TIMING FOR READS

This standard describes the relationship between the assertion of a PRECHARGE command and
data out from a READ command.

3.11.5.1.12 - COLUMN ADDRESS TO COLUMN ADDRESS DELAY

This standard defines constraints imposed on the CA to CA delay and illustrates them with a timing
diagram.

3.11.5.1.13 - CKE TIMING FOR POWER DOWN

This standard describes the interface sequence required to place the SDRAM into the POWER-
DOWN state using CKE.

3.11.5.1.14 - CKE TIMING FOR CLOCK SUSPEND
This standard describes the interface timing sequence when CKE is used to suspend the clock.
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3.11.5.1.15 - SELF REFRESH ENTRY AND EXIT

This standard defines the logic states and timing sequence used to enter and exit the SELF-RE-
FRESH mode.

3.11.5.1.16 - Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs

The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. Ifthe Burst Stop command is included inan SDRAM or SGRAM, this section
defines the functionality that is required.

3.11.5.1.17 - Full Page Burst Mode for SDRAM/SGRAM

Full page burst mode is an gptional feature for SDRAM/SGRAM. If full page burst mode is in-
cluded in an SDRAM or SGRAM, this section gives the required functionality.

3.11.5.1.18 - Burst Stop/Burst Terminate Command for SDRAMsS/SGRAMs

The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. Ifthe Burst Stop command is included in an SDRAM or SGRAM, this section
defines the functionality that is required.
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3.11.5.1.1 - SDRAM FUNCTION TRUTH TABLE

CURRENT |S RE [CE |W |An ACTION
STATE
IDLE H X X X X NOP
L H H H X NOP
L H H L BA ILLEGALZ
L H L X BA, CA ILLEGALZ
L L H H BA, RA Row Ls& Bank) active; Latch Row Address
L L H L BA, A10 NOP
L L L H [X Auto-Refresh®
L L L L Op-code Mode Register Access®
ROW H X X X X NOP
ACTIVE L H H X X NOP
L H L H BA, CA, A10 |Begin Read; Latch CA; Determine AP’
L H L L BA, CA, A10 |Begin Write; Latch CA; Determine AP’
L L H H BA, RA ILLEGALZ?
L L H L BA, A10 Precharge®
L L L X X ILLEGAL
READ H X X X X NOP (Continue Burst to End;=Row Active) 5
L H H H X NOP(Continue Burst to End;=Row Active)®
L H H L BA RESERVED (Term. Burst);=Row Active
L H L H BA, CA, A10 |Term Burst, New Read, Determine AP3
L H |[L L BA, CA, A10 |Term Burst, Start Write, Determine AP3 7
L L H H BA, RA ILLEGALZ?
L L H L BA, A10 Term Burst, Precharge Timing for Reads
L L L X X ILLEGAL
WRITE H X X X X NOP(Continue Burst to End;=Row Active)®
L H H H X NOP(Continue Burst to End;=Row Active)®
L H H L BA RESERVED (Term Burst);=Row Active
L H |[L H |BA, CA A10 |Term Burst, Start Read, Determine AP3 7
L H L L BA, CA, A10 |Term Burst, New Write, Determine AP3
L L H H BA, RA ILLEGALZ
L L H L BA, A10 Term Burst, Precharge3
L L L X X ILLEGAL
READ H X X X X NOP (Continue Burst to End;=Precharge)®
with L H H H X NOP (Continue Burst to End;=Precharge)®
AUTO L H H L BA ILLEGALZ?
Precharge |L H L H BA, CA, A10 |ILLEGAL?2
L H* |L L X ILLEGAL
L L H X BA, RA, A10 |ILLEGAL?2
L L L X X ILLEGAL
WRITE H X X X X NOP (Continue Burst to End;=Precharge)®
with L H H H X NOP (Continue Burst to End;=Precharge)®
AUTO L H H L BA ILLEGALZ
Precharge |L H L H BA, CA, A10 |ILLEGAL?2
L H L L X ILLEGAL
L L H X BA, RA, A10 |ILLEGAL?2
L L L X X ILLEGAL
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3.11.5.1.1 - SDRAM FUNCTION TRUTH TABLE (continued)

CURRENT

STATE S RE [CE |W An ACTION
Precharging |H X X X X NOP=>idle after tRP
L H H H X NOP=>idle after tRP
L H H L BA ILLEGALZ
L H L X BA, CA ILLEGALZ?
L L H H BA, RA ILLEGALZ?
L L H |[L BA, A10 |NOP*
L L L X X ILLEGAL
ROW H X X X X NOP=Row Active after tRCD
Activating L H H H X NOP=-Row Active after tRCD
L H H L* BA * ILLEGALZ
L H L X BA, CA ILLEGALZ?
L L H H BA, RA ILLEGALZ
L L H L BA, A10 ILLEGALZ
L L L X X ILLEGAL
WRITE H X X X X NOP
Recovering |L H H H X NOP
L H H L BA ILLEGALZ
L H L X BA, CA ILLEGALZ?
L L H H BA, RA ILLEGALZ
L L H L BA, A10 ILLEGALZ
L L L X X ILLEGAL
Refreshing |H X X X X NOP=>idle after tRC*
L H H X X NOP=>idle after tRC *
L H L X X ILLEGAL
L L H X X ILLEGAL
L L L X X ILLEGAL
Mode H X X X X NOP
Register L H H H X NOP
Accessing L H H L X ILLEGAL
L H L X X ILLEGAL
L L X X X ILLEGAL
ABBREVIATIONS
RA = Row Address BA = Bank Address Term = Terminate
CA = Column Address AP = Auto Precharge NOP = No Operation

NOTES:

1. All entries assume that CKE was active (HIGH) during the preceeding clock cycle and the current clock cycle.
2. llegal to bank in specified state; function may be legal in the bank indicated by BA, depending on the state
of that bank.

3. Must satisfy the "2n-rule”, bus contention, but turn around, and/or write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A10).

5. lllegal if any bank is not idle.

ILLEGAL = Device operation and/or data-integrity are not guaranteed

6. If the device is programmed to use full page burst mode, the action is NOP, continue burst.

7. The autoprecharge bit, AP, must be 0 in full page burst mode where the autoprecharge function is illegal
ILLEGAL = Device operation and/or data-integrity are not guaranteed

8. Precharge All Banks determined by state of A10

* Elements of the table that were in error in the first printing of Release 4

TABLE 3.11.5.1-1
SDRAM FUNCTION TRUTH TABLE (Continued)
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3.11.5.1.2 - SDRAM FUNCTION TRUTH TABLE for CKE

ngJETREENT CKE,.. |CKE, |5 |RE|CE|W |An |AcTION
Self- H X X |IX |X |X |X [|INVALID
refresh® L H H |X [|X [|X [|X |EXIT Self-Refresh= ABI

L H L |H |H |H |X |EXIT Self-Refresh= ABI

L H L |H |H L |X |JILLEGAL

L H L |H |JL X |X |JILLEGAL

L H L |L |X [|X |X |ILLEGAL

L L X [X X [|X |X |NOP (Maintain Self-Refresh)
Power- H X * X |IX |X |X |X [|INVALID
Down L H* H |X* |X* |X* | X |EXIT Power Down=ABI

L H* L |H |H |H |X |EXIT Power Down=ABI

L H* L |H |H* |L* |X |ILLEGAL

L H* L |H* |L* |X* |X |ILLEGAL

L H* L |L |X* |X* |X |ILLEGAL

L L X [X* | X* | X |X |NOP(Maintain Low-Power Mode)
AllBanks [|H H X X |X |X |X [Referto Table 1
dle’ H L H [X [X [X [X |Enter Power-Down

H L L H |H |H |X |Enter Power-Down

H L L |H |H L |X |JILLEGAL

H L L |H |JL X |X |JILLEGAL

H L L |L |H [|X |X |ILLEGAL

H L L |L |JL [H [|X |Enter Self-Refresh

H L L |L L L |X |JILLEGAL

L L X |IX |X [X |X |NOP
Any State |H H X X [|X [|X |X [Referto operations Table 1
other than |H L X |X |X [X |[X |Begin Clock Suspend next cycle®
listed L H X |X |X [X |[X |ExitClock Suspend next cycle®
above L L X X [X [|X |X [Maintain Clock Suspend.

ABBREVIATIONS
ABI = All Banks Idle
NOTES:

6. CKE Low-to-High transition will re-enable CK and other inputs asynchronously. A minimum setup time
must be satisfied before any command other than EXIT.

7. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.

8. Must be legal command.

* Elements of the table that were in error in the first printing of Release 4

TABLE 3.11.5.1-2
SDRAM FUNCTION TRUTH TABLE for CKE
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3.11.5.1.3 - SDRAM & SGRAM Mode Register

This Mode Register is located on the Synchronous DRAM (SDRAM or SGRAM) chip. Its purpose is to store
the mode-of-operation data. This data is written after power-on and before normal operation. The data
contains the Burst Length, the Burst Type, the CAS Latency (Defined separately for SDR and DDR devices),
and whether it is to be operating in Test Mode, or Normal operating mode. During operation, this register (and
therefore operation of the chip) may be changed, according to the requirements of the Mode-Register-Write
Timing diagram. So, while operating in one mode, for example Burst of 4 in sequential addresses; it can

change to Burst of 8 in Interleaved address mode.

SDRAM Mode Register architecture:

Bit# 11 10 9 8 7 6 5 4 3 2 1 0
ololololilolololololo!l ol Thecodeshownisreserved
for Test Mode entry.
0O0J]O0O]J]0O0]J]0]O LTMODE |BT B. L.
SDR SDRAM DDR SDRAM
BL BT=0 BT=1 BT=0or BT=1
000 (1) (1) R*
001 2 2 2
| |BURST |010 4 4 4
LENGTH |01 1 8 8 8
100 R* R* R*
101 R* R* R*
110 R* R* R*
111 | R*ruLLracy R* R*
BURST SEQUENTIAL
TYPE INTERLEAVED
SDR CAS DDR CAS
CL Latency Latency
000 R* R*
LATENCY 001 R* R*
MODE 010 2 2
Notes: * Denotes Reserved for future use (SDRAM 011 3 (3)
All items in parentheses are optional & 100 () R*
SGRAM) | 101 R* (1.5)
110 R* 2.5
111 R* (3.5)

FIGURE 3.11.5.1-1
SDRAM & SGRAM MODE REGISTER ARCHITECTURE
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3.11.5.1.4 - Power On Sequence (Recommended)

The synchronous nature of the inputs and outputs of the SDRAM device create the possibility that a SDRAM
device could power up in a state with data being driven out of the part, and in a multipart system, such a condi-
tion may cause data contention and possibly device damage in the long term. In an attempt to reduce the
possibility of data contention, both system and device designers should strive toward ensuring a High-Z out-
put state during the initial power up sequence. The following recommended power on sequence is offered
for both system and device designers as a means to help the device power up with the outputs in a High-Z
state.

The default power on value for the mode register is supplier specific and may be undefined.
The default power on value for the device is supplier specific and may be undefined.

The recommended power on sequence is as follows:

Apply power and start clock. Attempt to maintain a NOP condition at the inputs
Maintain stable power, stable clock, and NOP input conditions for a minimum of 200 uS.
Issue precharge commands for all banks of the device.

Issue 8 or more autorefresh commands.
Issue a mode register set command to initialize the mode register.

S S

The device is now in the IDLE state and is ready for normal operation.
3.11.5.1.5 - Auto Precharge

The user may specify that the bank currently being accessed precharge itself as soon as the burst is com-
pleted. This is done using address bit AP during the column address cycle. The following table defines the
options available from AP during the column address portion of any cycle.

AP Option

Do not auto precharge, leave bank active at end of burst.

Auto precharge bank specified by BA at end of burst.

The user must wait until the precharge is completed before issuing another command to the device. Timing
for auto precharge is required to be the same as or less than the minimum requirement of external precharge.

The Autoprecharge Bit, AP, must be 0 in full page burst mode where the autoprecharge function is illegal.

The autoprecharge function is not allowed in full page burst mode since the end of the burst is indefinite.
Therefore the autoprecharge bit, AP, is ignored during read or write commands if the mode register is set
to full page burst mode.

3.11.5.1.6 - Precharge All Banks

The user may specify, during a precharge command, whether to precharge only the specified bank or to pre-
charge all banks. BA is used to specify the bank to be precharge, and AP is used to indicate the precharge
option. The following table defines the options available from AP during the precharge cycle.

PA Option

0 Precharge bank specified by BA

Precharge All banks
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3.11.5.1.7 - Mode Register Write Timing

The Mode Register Set Cycle is initiated by holding the S, RE, CE, and W signals low at the clock rising edge.
The address lines at the same clock edge contain the mode register set opcode and the valid mode informa-
tion to be written into the mode register. A mode register set cycle can be followed by a new command in

no less than 3 clock cycles as illustrated in the diagram below.
'
’ '
'
'
'

0l
T~

\

:

:

=
e e

ode

: NOP NOP
X Mgde
+ Mode'Register New Command can
Set Command occur here or later
All Banks Idle

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.8 - Auto Refresh

AutoRefresh is an operation that initiates a single refresh cycle for an SDRAM, but that once initiated, is com-
pleted by internal control in the device with the refresh address being supplied by an internal register in the
device. Before performing an Autorefresh, all banks of the device must be precharged (IDLE). Autorefresh
is entered by asserting RE and CE on the same clock cycle. All banks will automatically precharge at the
end of the refresh cycle. Additional commands must not be supplied to the device during the minimum refresh
time specified. The following timing diagram illustrates the refresh cycle requirements.

/— trc - Supplier Specific Minimum Time
»>

A

=
s

> < .
®)

i

=

T
<

o

T

An

U

All Banks Autorefresh r here

Idte Com:mand

New Command can occ

I I <l SN

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.9 - Write Latency
(Write Latency = 0)

Write Latency for SDR Synchronous DRAM shall be as defined as the clock cycle difference between the
clock where write command and collumn address are asserted and the clock where first data to be written
is asserted.

aviss

B

(
2
(
(

- [ [
w : : Supﬁplier Specific
. . Absglute time to
' ' External Precharge
' ' '
' ' '
An | I I
) ) )
' '
' 1
) )
DATA ; 1
'
'
'
'

TR CRE AL
z ' Xj) J

Last word of Burst

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.10 - DQM Latency for Reads and Writes
(DQM Write Latency = 0)

DQM is a multiple-function signal defined as the data mask for both reads and writes. During reads, DQM
performs synchronous output enable. During writes, DQM performs write data masking. The requirement
for high-speed operation, and the synchronous nature of SDRAM devices requires that DQM latency be dif-
ferent for reads than it is for writes.

For Reads, DQM latency is defined as the difference between the clock when DQM is asserted and the clock

when the output bus has been forced to High-Z. The following timing diagram illustrates the standard of 2
clocks.

DQM

DATA

Note: Clock Low- to—h|gh transmons oocur at the-dotted Imes

For ertes DQM Ial‘ency is deflned as the dlfference between the clock when DQM is asserted and the clock
when the write mput data is inhibited. The foIIowmg t|m|ng.d|agram Hlustrates the standard of 0 clocks.
' | '

)

)

)

)

|

|

DOQM !
)

) ) )
) ) )
) p— S p— A 1 )
' I_ ' ' I_ ' _\ ' ]
) ) ) ) ) )
VSR - S :
) ) ) ) ) )
. i | ;
) ) ) )
) ) ) )
) ) ) )
' ! L ' ' '
' Write,Does Write, Does ' ' ' '
! Otcur Oécur ! ! ' '
X Write] Does ! Write! Does X X | Write Does, X X
' not Occur ' not Occur ' ' v+ Occur ' '
) ) ) ) )
) ) ) )

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.11 - Precharge Timing for Reads

The assertion of the precharge command has a direct relationship to the timing of data out for a read cycle.
For a CE latency of 1, the minimum requirements is that the precharge command will be allowed to coincide
with output of the last data from a bu;rst regardless of burst length. For a CE latency greater than 1, the mini-
mum requirement is that the precharge command will be allowed to coincide with output of the next-to-last
data from a burst, regardless of burst length, without interrupting burst data. The following timing diagrams
illustrate the requirements.

I . A\ f f . . . . f

CKE I I I ; I I I I
N —

DATA . Do /)_X Dnaf  Dn 'n = (Burst Length +1) ; :
: I \ : : : I I :

: ' \ : ' Last word of burst ' ' :

For CE Latency > 1 PRE X X ! ! ! X
?, y: ( F'? X .PRE = Ptecharge Commandas |

' ' ] ] ' defined by'S, RE, CE, & W

I I I . I dnd Addrebs I I

For CE Latency'=1 : PRE ! ! : : :

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.12 - Column Address to Column Address Delay

The minimum column-address-to-column-address delay time, for page mode accesses, is two clock
cycles, independent of operating frequency.

For interrupted bursts, column addresses must, at a minimum, follow the "2n rule” while a read or write burst
is in progress. 2n rule: after the initial read or write command, a new column address can be presented to
the device every other clock cycle. That is, if the initial read-or-write command occured on an odd clock
cycle, the new column addresses must presented on an odd clock cycle while the burst is in progress.

After the burst is completed, the 2n rule no longer applies, and a new column address may be presented to
the device on any clock cycle. Essentially the 2n rule remains in effect for (CE Latency + burst length) clock
cycles for reads and (write recovery + burst length) clock cycles for writes.

Whgﬁ
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—

J

R
'\:,
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S
éz |
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I

\

The 2n rule requires an even number of clock
cycles regardless of frequency

Note: Clock Low-to-high transitions occur at the dotted lines.

Release 4

XILINX EXHIBIT 1015
Page 41



JEDEC Standard No. 21-C
Page 3.11.5.1 - 14

3.11.5.1.13 - CKE Timing for Power Down

CKE is defined as the clock-enable signal and actually has the dual purpose of also being the signal that puts
an SDRAM into a low power state. Using CKE to enter the low power state can only be performed while all
internal banks of the device are precharged (IDLE). If all internal banks have been precharged, then CKE
is used to gate the input buffers of the device. During power down the device is not refreshed. Therefore
the minimum refresh specification still applies during power down. The following timing diagram illustrates
power down mode.

CKE

Command NOP Nbp@

f Supplier specific

: Minimum Time

X All Btanks

ldle New Command

As defined by : Acceptfed Here
S, RE, GE, W, X
and Address X

'
'

L I = .
Cannot Violate Minimum Refresh Speclfication

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.14 - CKE Timing for Clock Suspend

The following timing diagram is shown for CKE when 1 or more banks of the device are active. The effect
onread data, write data, and command are all shown on the same diagram for reference only. The clock may
be suspended for one or more clock cycles.

External
Clock,
CK
CKE
Internal
Clock [, \ ' ' ' ' : '
! ' , , ' i ] ]
' ] ' ' ' ' ' ! ! !
' ' ' ' ' ' ! ! ! X
' ' ' ' ' ' ! L ! !
) 1 ) ) ) ) ) 1 ) )
Read ' : ; : : : : ' ' :
. Qo . Q1 Q2 . Qs Q4 s ;
DATA : I f f : : : ' :
or : ' _-:-_ ' ' _-:-_ ' ! ! :
' ' ' ' ' ' ! ! ! !
Write . Do - D1 i o4 Ds D4 s :
] - T T T - = ! ! i !
DATA : ; : \Writelnhibi'ted / : : : : :
Command : : : :
1 [ ' !
' [ ' !
' [ ' !

' ignored

Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.15 - Self-Refresh Entry and Exit

In self refresh mode, the device refreshes itself without outside intervention. While the device is in self-re-
fresh mode, CKE is the only enabled input to the device. All other inputs including the clock are disabled and
any input is ignored. Self-refresh mode is entered by precharging all banks and then inserting an auto-re-
fresh command with CKE low. Exit from self-refresh mode is accomplished by starting the clock and then
asserting CKE. NOP commands must be asserted for a supplier-specified minimum period, which must in-
clude 3 clocks, to allow the device to return to the IDLE state.

External | X X X X X X X
CK
RN : I . STABLE GLOCK I

= > L 4

=

E:55: (?_U
7 IVANTINNNNY : ) U

ALL BANKS IDLE  SELF REFRESH SELF REFRESH NOP  NEW COMMAND CAN
ENTRY EXIT OCCUR HERE
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3.11.5.1.16 - Burst Stop/Burst Terminate Command for SDRAMs/SGRAMs

The Burst Stop [also called “Burst Terminate”] command (BST) is an optional feature for
SDRAM/SGRAM. If the Burst Stop command is included in an SDRAM or SGRAM, the following
functionality is required:

1. BST applies to all burst lengths, including the optional full page burst length when included.
2. BST is not a valid command during read or write with autoprecharge

3. When terminating a burst read command, the BST command must be issued n clock cycles before
the clock edge at which the last desired data word is valid, where n equals the CAS latency for read
operations minus 1. This is shown in Figure 3-1 with examples for CAS latency 1, 2 and 3 (higher
CAS latencies follow the same pattern).

Co C1 C2 C3 C4 C5 C6 C7

K N\ A
CMD {Read > BST

DQ Q1 Q2 Q3 Hi=Z
CAS Latency =1 | \ .
| Hi-Z
DQ i Q1 Q2 Q3
CAS Latency = 2 \ \ HiZ
-Z
DQ  — Q1 Q2 Q8

CAS Latency =3

In this example, the Burst Lethh = 4 or higher.

Figure -1: Terminating a Burst Read Command with BST

4. When terminating a burst write command, the BST command must be issued one clock after the
clock edge which samples the last word of data that is required to be written into the memory. The
DQM input(s) must be high for the clock edge that is coincident with the BST command. Input data
on the DQ pins for the clock edge that is coincident with the BST command is ignored. Input data on

the DQ pins for the clock edges after the BST command is also ignored unless a new write command

is issued. This is shown in Figure 4-1.

Co C1 C2 C3 C4 C5 C6 C7

K O\ A
CMD @D @D

DQM
Do hot care - Data ignnrp"i

DQ 7 Q1 Q2 Q3
CAS Latency = n

In this example, the Burst Length = 4 ar higher.

Figure -2: Terminating a Burst Write Command with BST
Note: Clock Low-to-high transitions occur at the dotted lines.
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3.11.5.1.17 - Full Page Burst Mode for SDRAM/SGRAM

Full page burst mode is an gptional feature for SDRAM/SGRAM. If full page burst mode is included in an
SDRAM or SGRAM, the following functionality is required:

1. Full page burst operations (read or write) do not self terminate once the burst length has been
reached. In other words, unlike burst lengths of 2, 4 or 8, full page burst mode continues until it is
terminated using another command. During full page burst mode, once the highest order column
address is accessed, the count “wraps around” to column address 0 and continues.

2. A full page burst sequence can be terminated by a BST (burst stop command which is also an
optional feature), a PRE (Precharge Command), a PREALL (Precharge all banks command) or
another full page burst read or write command.

® BST is an optional feature on SDRAMs/SGRAMSs. BST will terminate the burst sequence, but
will not cause the device to precharge the accessed bank (i.e., the bank remains active).
Additional read or write commands can be executed while the bank is active. A subsequent PRE
command is used to return the selected bank to the idle state (row precharge time must be
satisfied). A subsequent PREALL command is used to return all banks to the idle state (row
precharge time must be satisfied).

o PRE will terminate the burst sequence and will initiate a precharge operation which returns the
selected bank to the idle state (row precharge time must be satisfied).

o PREALL will terminate the burst sequence and will initiate a precharge operation which returns all
banks to the idle state (row precharge time must be satisfied)

o Read/write interrupt of the full page burst will cause the present burst sequence to terminate and
initiates a new read/write full page burst sequence with a new starting address.

3. Full page burst mode with autoprecharge, AP, is not a legal command. The AP bit must be zero for
full page burst read or write commands
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3.11.5.1.18 - Deep Power Down Mode

Deep Power Down Mode is an operating mode that is used to achieve maximum power reduction by cutting
the power of the whole memory array of the devices. Data will not be retained once the device has entered
into Deep Power Down Mode. Full initialization is required when the device exits from Deep Power Down
Mode.

Truth Table

Current State  Command CKEn-1  CKEn CS RAS CAS WE

Idle Deep Power H L L H H L
Down Entry

Deep Power Deep Power L H X X X X

Down Down Exit

X: don't care

The deep power down mode is continued while CKE is kept low.
Deep Power Down Mode Entry

The deep power down mode is entered by having CS and WE held low with RAS and CAS high at the
rising edge of the clock, while CKE is low. The following timing diagram illustrates deep power down
mode entry.

)

>

0]
/\/l/
\/\\\

— T —
e By I~

tRP

Precharge Deep Power Down entry
if needed
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Deep Power Down Mode Exit Sequence

The deep power down mode is exited by asserting CKE high.

After the exit, the following sequence is needed to enter a new command.

1. Maintain NOP input conditions for a minimum of 200usec.

2. Issue precharge commands for all banks of the device.

3. Issue 8 or more autorefresh commands.

4. Issue a mode register set command to initialize the mode register.

5. Issue an extended mode register set command to initialize the extended mode register.
The following timing diagram illustrates the deep power down mode exit sequence.

CLK mm?@tmmm?@mmwm
CKE __/ (( <<

s I ( \ <S
RAS <<‘ \ \ | / [ [\ | /
CAS /) 7T | / />

o | \

WE 7) \ 7TX [ [\ /

A\ \
200ms tRP tRC
Deep Power Down All banks  Auto Auto Mode Extended New
exit precharge refresh refresh Register Mode Command

Set Register Accepted
Set Here

Release 12

XILINX EXHIBIT 1015
Page 48



JEDEC Standard No. 21-C
Page 3.11.5.2 - 1

3.11.5.2 - DDR Specific SDRAM Functions

The Standards in this section are special functions that are applicable to DDR SDRAM except
where that function specifically defines another class of device for which it is applicable.

3.11.5.2.1 - Bi-Directional DQS for DDR SDRAM
To enable Doubled Data Rate and the control of that data in DDR SDRAMs, a signal to be identi-
fied by the label DQS will be added to the existing definition of the SDRAM. This section defines
the timing relationships of the DQS signal.

3.11.5.2.2 - Differential Clock for DDR SDRAMs & SGRAMs

A pin will be added to the definition of DDR SDRAM devices whose polarity will be inverted to
that of CK and labeled CK\ or CK. That pin along with CK must be used to supply a differential
clock to the DDR SDRAM devices.

3.11.5.2.3 - Read Interrupting a Write Operation for DDR SDRAMs/SGRAMs

The following functionality establishes how a Read command may interrupt a Write burst and
which input data is not written into the memory.

3.11.5.2.4 - Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs
The following functionality establishes how a Write command may interrupt a Read burst.

3.11.5.2.5 - Precharge Timing for Reads for DDR SDRAMs/SGRAMs

When a burst Read command is issued to a DDR SDRAM/SGRAM, a Precharge command
may be issued to the same bank before the Read burst is complete. The following functionality
determines when a Precharge command may be given during a Read burst and when a new
Bank Activate command may be issued to the same bank.

3.11.5.2.6 - Precharge Timing for Writes for DDR SDRAMs/SGRAMs

Precharge timing for Write operations in DRAMSs requires enough time to allow “write recovery”
which is the time required by a DRAM core to properly store a full “0” or “1” level before a Pre-
charge operation. For DDR SDRAM/SGRAM, a timing parameter, tWR, is used to indicate the
required amount of time between the last valid write operation and a Precharge command tothe
same bank.

3.11.5.2.7 - Burst Stop Command for DDR SDRAMs/SGRAMs

The Burst Stop [also called “Burst Terminate”] command (BST) is a mandatory feature for DDR
SDRAMs/SGRAMs. This section describs the required functionality.

3.11.5.2.8 - DDR SDRAM/SGRAM Full Sequential Burst Ordering

This section gives, for DDR SDRAM & SGRAM, Y address ordering that is supported for se-
quential burst lengths (BL) of 2, 4, and 8:

3.11.5.2.9 - DDR SDRAM DQS Coincident with Data
The timing of the signal DQS relative toRead Data from the DDR SDRAM device is giving.

3.11.5.2.10 - Extended Mode Register Set for DDR SDRAM / SGRAM.

Extended mode register address space is provided by defining non-zero Bank address(s) for
accesses that otherwise conform to the Mode Register Set (MRS) cycle. These Extended
Mode Register Set cycles (EMRS) can be implemented as needed for function extensions to
the standard.

3.11.5.2.11 - DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS
This section defines the DLL disable/enable bit in the Extended Mode Register.

3.11.5.2.12 - Refresh Requirements
This section provides the precise definition of the refresh requirements.
3.11.5.2.13 - MRS/EMRS for Low Power DDR SDRAM

This section provides the Mode Register Set and Extemded Mode Register Set
definition for Low Power DDR SDRAM.
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3.11.5.2.1 - Bi-Directional DQS for DDR SDRAM

To enable Doubled Data Rate and the control of that data in DDR SDRAMSs, a signal to be identified
by the label DQS will be added to the existing definition of the SDRAM.

Driven by the DDR SDRAM during output of Read data. and Driven by the Memory Controller during
input of Write data, the rising and falling edges of that signal (DQS) will indicate the output of Read
Data and the input of Write Data on the data output and input pins (DQ) of DDR SDRAM.

(Read followed by Write)
| | | | | | | | | |

CK
| | | | | | | |

Command | @ | | | | @ | | |
| | | | | | | |
| | | | | | | |

DQS | : | | | ———

: : | | | : : : : :

DQ | | | | | |
T edededles——edlorleatos——
| | | | | | | | | |

Bi-directional Data Strobe (DQS)
Example of BASIC WRITE TIMING (@DQS)

- tCK -
N\ ’ \_
N ! ool 1oL
addr. 2 Rvaidpaa X €

<—— tDQSS —>1€ gy —><«— tSIL
Strobe In

tDS| tDH tDS| tDH

Data In (((;“)i( )E_N_}) X X )

Bi-Directional Data Strobe (DQS)
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3.11.5.2.2 - Differential Clock for DDR SDRAMs & SGRAMs

A pin will be added to the definition of DDR SDRAM devices whose polarity will be inverted to that of CK
and labeled CK\ or CK. That pin along with CK must be used to supply a differential clock to the DDR
SDRAM devices. The slew rates, and recommended terminations will be defined in subsequent
standards. The voltage levels are defined in Section 3.11.6 for which standards have been published.

Co C1 c2 C3 C4 C5 C6 C7

L/ O\

Differential Clock timing relationship (for reference only)

3.11.5.2.3 - Read Interrupting a Write Operation for DDR SDRAMs & SGRAMs

The following functionality establishes how a Read command may interrupt a Write burst and which input
data is not written into the memory.

1. For Read commands interrupting a Write burst, the minimum Write to Read command delay is 2
clock cycles. The case where the Write to Read delay is 1 clock cycle (refer to Figure 1) is
disallowed.

2. For Read commands interrupting a Write burst, the DM pin must be used to mask the input data
words which immediately precede the interrupting Read operation and the input data word which
immediately follows the interrupting Read operation as shown in Figures 2 and 3.

3. For all cases of a Read interrupting a Write, the DQ and DQS buses must be released by the driving
chip (i.e., the memory controller) in time to allow the buses to turn around before the
SDRAM/SGRAM drives them during a read operation.

4. If input Write data is masked by the Read command, the DQS input is ignored by the
SDRAM/SGRAM.

5. ltis illegal for a Read command to interrupt a Write with autoprecharge command.

Co C1 C2
e/ e N e Ve
CK,CK_ AL A AN A A

CMD Write Read

DISALLOWED

Figure 1: Read Interrupting a Write - Write to Read Delay = 1 Clock Cycle

Release 9

XILINX EXHIBIT 1015
Page 51



JEDEC Standard No. 21-C
Page 3.11.5.2 -4

3.11.5.2.3 (Cont) - Read Interrupting a Write Operation for DDR SDRAMs & SGRAMs

co C1 Cc2 C3 C4 C5 cé6 c7
=7 VvV Vv VNV VNV VNV NN N

CK, CK_AL A AL NN AN A NN AN A NN A A

CMD<{ Write Read
CL >
DM Hi or Low
DQ Hi-Z L|:1_/>< D2_/><\_I:3_/>< ED’: Q1 X Q2 X Q3 X Q4 Hi-Z

| tDQsS nu
DQs —HiZ — o — (:*\ E\ o Hi-Z
b

Driving chip releases DQ and DQS buses
Data Masked by DM in time to turn around the buses.

Data Masked by Read Command

In this example, the Burst Length = 4 and the operations are not necessarily to the same bank.
Figure 2: Read Interrupting a Write - Write to Read Delay = 2 Clock Cycles
co C1 C2 C3 C4 C5 cé6 c7

CKC—K__\_/__\_/__\_/__\_/__\_/__\_/__\_/__\_
oIy NS \_ _/ AN/ N\ NS\ N/ \ N/ \_ _/ AN\ N\ N
CMD \Write Read
CL >
DM Hi or Low
DQ Hi-Z D1 ><|32 ><f3 X EE\/\’: Hi-Z \) a1 X a2 X a3 X a4y
| tDQss N
- — —\ -~ | HiZ] — — Hi-Z
DQS _L\_ o ( Hi-Z \) - 'Hi-Z
Data Masked by DM Driving chip releases DQ and DQS buses

in time to turn around the buses.

In this example, the Burst Length = 4 and the operations are not necessarily to the same bank.

Figure 3: Read Interrupting a Write - Write to Read Delay = 3 Clock Cycles
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3.11.5.2.4 - Write Interrupting a Read Operation for DDR SDRAMs/SGRAMs
The following functionality establishes how a Write command may interrupt a Read burst.

1.

For Write commands interrupting a Read burst, a Burst Terminate command is required to stop the

read burst and tristate the DQ bus prior to valid input write data. Once the Burst Terminate command
has been issued, the minimum delay to a Write command = RU(CL) [CL is the CAS Latency and RU
means round up to the nearest integer]. Refer to Figures 1 and 2.

2. ltisillegal for a Write command to interrupt a Read with autoprecharge command.
co C1 C2 C3 C4 C5 C6 C7
CK—CR_\_/__\_/__\_/__\_/__\_/__\ VAR /N
s I NN N N N N N N NS __/ __/ _
CMD Read < BST Write
BS[T to Write Latency = RU(CL) tDQSS
> > L
DM Hi or Low
LBST > A _ DQ bus turn around time
Hi-Z —/ o\ Hiz Yy
DQ a1 E\\_//\c1><nz><|:3><t4
Hi-Z = " — ThizY —
L )
DQS U _ \\/ _— I

Read burst terminated by BS%
In this example, the Burst Length = 4, CL=2, RU(CL) = 2 and the Read & Write
operations are not necessarily to the same bank.

Figure 1: Write Interrupting a Read Burst (CAS Latency, CL, = X.0)

AN

DQS turn around time

Co C1 C2 C3 C4 C5 Co6 Cc7
CK,CK A__ AN A AN AN AN _A__) _/ _/ _
CMD< Read BST Write
BST to Write Latency = RU(GL) - tDQSS >
DM Hi or Low
LesT > L & DQ bus turn around time
.- P, P / _- ~N
DQ Hi-2 a1 X Q2 HZ| D1 X D2 X D3 X D4
; <L > PN

DQS Hi-Z2 - Hi-z | o o

S —~_ 1 _ N\ - -/

Release 9

Read burst terminated by BST

DQS turn around time

In this example, the Burst Length = 4, CL=2.5, RU(CL) = 3 and the Read & Write
operations are not necessarily to the same bank.
Figure 2: Write Interrupting a Read Burst (CAS Latency, CL, = X.5)
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3.11.5.2.5 - Precharge Timing for Reads for DDR SDRAMs/SGRAMs

When a burst Read command is issued to a DDR SDRAM/SGRAM, a Precharge command may be
issued to the same bank before the Read burst is complete. The following functionality determines when
a Precharge command may be given during a Read burst and when a new Bank Activate command may
be issued to the same bank.

1.

For the earliest possible Precharge command without interrupting a Read burst, the Precharge
command may be given on the rising clock edge which is CL clock cycles before the end of the Read
burst where CL is the CAS Latency. A new Bank Activate command may be issued to the same
bank after tRP (RAS Precharge time). Refer to Figure 1.

When a Precharge command interrupts a Read burst operation, the Precharge command may be given
on the rising clock edge which is CL clock cycles before the last data from the interrupted Read burst
where CL is the CAS Latency. Once the last data word has been output, the output buffers are set to
the Hi-Z state. A new Bank Activate command may be issued to the same bank after tRP. Refer to
Figure 2.

For a Read with autoprecharge command, a new Bank Activate command may be issued to the
same bank after tRP where tRP begins on the rising clock edge which is CL clock cycles before the
end of the Read burst where CL is the CAS Latency. During Read with autoprecharge, the initiation
of the internal precharge occurs at the same time as the earliest possible external Precharge
command would initiate a precharge operation without interrupting the Read burst as described in 1
above. Refer to Figure 3.

For all cases above, tRP is an analog delay that needs to be converted into clock cycles. The
number of clock cycles between a Precharge command and a new Bank Activate command to the
same bank equals tRP/tCK (where tCK is the clock cycle time) with the result rounded up to the
nearest integer number of clock cycles. (Note that rounding to X.5 is not possible since the
Precharge and Bank Activate commands can only be given on a rising clock edge).

In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to
Precharge time] has been satisfied. This includes Read with autoprecharge commands where
tRAS(min) must still be satisfied such that a Read with autoprecharge command has the same timing
as a Read command followed by the earliest possible Precharge command which does not interrupt
the burst.
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3.11.5.2.5 (cont) - Precharge Timing for Reads for DDR SDRAMs/SGRAMs

Cco C1 Cc2 C3 C4 C5
CKC—R_\_/__\/_ N NNV NV VN NN N
y MIN N NN NN NN N \_ _/ AN\ N\ N
CMD Read PRE ACT
tRP N
CL=X.0 y
CL
< .
DQ :> aN-3YaN-2Xan-1X QN Hi-Z
— — Hi-Z
DQS W, L L
A ﬁ A
End of the Read Burst.

Earliest possible Precharge Command without terminating the Burst.  Earliest possible ACT Command

(A) Precharge Timing for Reads - Burst Not Interrupted - CL=X.0

Cco C1 Cc2 C3 C4
y MIN /N NN N N N N N N N N N NN
CMD Read ) PRE e ACT
— t
_ >
CL=X.5 gy N
< |

DQ :> an-3{aN-2XaN-1X QN Hi-Z
DQS J_ B — B Hi-Z

A ﬁ A
End of the Read Burst.
Earliest possible Precharge Command without terminating the Burst.  Earliest possible ACT Command

(B) Precharge Timing for Reads - Burst Not Interrupted - CL=X.5

In these examples, all operations are to the same bank.
In these examples, the Burst Length=N (N=4 or 8, if N=2, only the last 2 data words shown are output).

Figure 1: Precharge Timing for Reads - Burst Not Interrupted
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3.11.5.2.5 (cont) - Precharge Timing for Reads for DDR SDRAMs/SGRAMs

Co C C2 c3 c4 C5
NV T T T T
CK,CK AL A A A A A A A A A A A A A
CMD Read X PRE AC
tRP
CL=X.0 ' ’
< - |
DQ :> a3X a2X a1X a Hi-2
- - iy
DQS L L L I
A * A
Read Burst terminated.

Precharge Command which terminates the Burst. Earliest possible ACT Command

(A) Precharge Timing for Reads - Burst Interrupted - CL=X.0

Cco C1 Cc2 C3 C4
CKC_R_\_/__\/_ V22 V2 A VARA /N /NN
) /A N/ N\ . S\ N\ N\ N\ N4 N\ N\ NS/ N/ N/ W\ W
CMD Read PRE e ACT
T 1
CL=X.5 ' »
CL
< Hi-Z
DQ :> a3X a2X a1X a =
A * A
Read Burst terminated.
Precharge Command which terminates the Burst. Earliest possible ACT Command

(B) Precharge Timing for Reads - Burst Interrupted - CL=X.5

In these examples, all operations are to the same bank.
In these examples, the Burst Length=N (N=4 or 8).

Figure 2: Precharge Timing for Reads - Burst Interrupted
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3.11.5.2.5 (cont) - Precharge Timing for Reads for DDR SDRAMs/SGRAMs

Co C1 Cc2 C3 C4 C5
CKC—R_\_/__\/_ NN NNV NNV N NN\ N
y MIN /N /NN AN AN NN N \_ _/ AN\ N\ N
CMD RDA - ACT
CL=X.0 ’
CL=X0p,
< CL
DQ :> QN-3XQN-2XQN-1X QN Hi-2
DQS ) I u SR u Hi-Z
A * A
End of the Read Burst.

Autoprecharge begins. Earliest possible ACT Command

(A) Precharge Timing for Reads - Read with Autoprecharge - CL=X.0

Co C1 Cc2 C3 C4
CKC—R_\_/__\/_ NN NV VN /N /NN
y IV N N NN N N N N N N N N N
CMD RDA . ACT
_ >
CL=X.5 ' oL
< |
DQ :> aN-3YaN-2XaN-1X QN Hi-Z
DQS y N - R L Hi-Z
A * A
End of the Read Burst.

Autoprecharge begins. Earliest possible ACT Command

(B) Precharge Timing for Reads - Read with Autoprecharge - CL=X.5

In these examples, all operations are to the same bank.

In these examples, the Burst Length=N (N=4 or 8, if N=2, only the last 2 data words shown are output).
Figure 3: Precharge Timing for Reads - Read with Autoprecharge
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3.11.5.2.6 - Precharge Timing for Writes for DDR SDRAMs/SGRAMs

Precharge timing for Write operations in DRAMs requires enough time to allow “write recovery” which is
the time required by a DRAM core to properly store a full “0” or “1” level before a Precharge operation.
For DDR SDRAM/SGRAM, a timing parameter, tWR, is used to indicate the required amount of time
between the last valid write operation and a Precharge command to the same bank.

The precharge timing for writes is a complex definition since the write data is sampled by the data strobe

and the address is sampled by the input clock. Inside the SDRAM/SGRAM, the data path is eventually

synchronized with the address path by switching clock domains from the data strobe clock domain to the
input clock domain. This makes the definition of when a precharge operation can be initiated after a write
very complex since the write recovery parameter must reference only the clock domain that is used to
time the internal write operation, i.e., the input clock domain.

tWR starts on the rising clock edge after the last possible DQS edge that strobed in the last valid data

and ends on the rising clock edge that strobes in the precharge command.

1. For the earliest possible Precharge command following a Write burst without interrupting the burst,
the minimum time for write recovery is defined by tWR. Refer to Figure 1.

2. When a precharge command interrupts a Write burst operation, the data mask pin, DM, is used to
mask input data during the time between the last valid write data and the rising clock edge on which
the Precharge command is given. During this time, the DQS input is still required to strobe in the
state of DM. The minimum time for write recovery is defined by tWR. Refer to Figure 2.

3. For a Write with autoprecharge command, a new Bank Activate command may be issued to the
same bank after tWR+tRP where tWR+tRP starts on the falling DQS edge that strobed in the last
valid data and ends on the rising clock edge that strobes in the Bank Activate command. During
write with autoprecharge, the initiation of the internal precharge occurs at the same time as the
earliest possible external Precharge command without interrupting the Write burst as described in 1
above. Refer to Figure 3.

4. |In all cases, a Precharge operation cannot be initiated unless tRAS(min) [minimum Bank Activate to
Precharge time] has been satisfied. This includes Write with autoprecharge commands where
tRAS(min) must still be satisfied such that a Write with autoprecharge command has the same timing
as a Write command followed by the earliest possible Precharge command which does not interrupt
the burst.

co C1 Cc2 C3 C4 C5 cé6 c7
~ \ /N /N /N
CK, CK __/ __/ AN
CMD Wri
j tWR
Rising CK edge after last valid DQS edge

DQS o
DM
DQ D1 XD2 XDB XD4

In this example, all operations are to the same bank.

In this example, the Burst Length = 4.
Figure 1: Precharge Timing for Writes - Burst Not Interrupted
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3.11.5.2.6 (cont.) - Precharge Timing for Writes for DDR SDRAMs/SGRAMs

co C1 Cc2 C3 C4 C5 cé6 c7
CK —CR_\_/__\_/__\_/__\_/__\_/__\_/__\_/__\_
y MM N/ __/ AN/ AN\ Y\ N\ __/ A/ AN\
CMD Write PRE
tWR >
Rising CK edge after last valid DQS edge j
DQS N
DM
DQ D1 XD2 X 1 or0
Last Valid Dataj
Write Data masked by DM betwe /
; Write Data Masked
last valid data and PRE Command by PRE command
In this example, all operations are to the same bank.
In this example, the Burst Length = 4 or 8.
Figure 2: Precharge Timing for Writes - Burst Interrupted
co C1 Cc2 C3 C4 C5 cé6 c7
~ VvV VvV VNV VNV VNV VNN TN
CK,CK_AL_A AL AL AL AL AL AL AL AL AL AL AL AL A
CMD Write ACT >
tWR tRP >
Rising CK edge after last valid DQS edge :
DQS N/
DM
DQ D1 XD2 XD3 XD4
A $ A
Autoprecharge begins.
Last Valid Data. Earliest possible ACT Command
In this example, all operations are to the same bank.
In this example, the Burst Length = 4.
Figure 3: Precharge Timing for Writes - Write With Autoprecharge
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3.11.5.2.7 - Burst Stop Command for DDR SDRAMs & SGRAMs

The Burst Stop [also called “Burst Terminate”] command (BST) is a mandatory feature for DDR
SDRAMs/SGRAMs. The following functionality is required:

1. The BST command may only be issued on the rising edge of the input clock, CK.

BST is only a valid command during Read bursts.

BST during a Write burst is undefined and shall not be used.

BST applies to all burst lengths.

BST is an undefined command during Read with autoprecharge and shall not be used.

When terminating a burst Read command, the BST command must be issued Lggt (“BST Latency”)
clock cycles before the clock edge at which the output buffers are tristated, where Lggt equals the
CAS latency for read operations. This is shown in Figure 1 with examples for CAS latency (CL) of
1.5, 2, 2.5, 3 and 3.5 (only selected CAS latencies are required by the DDR SDRAM/SGRAM
standards, the others are optional).

7. When the burst terminates, the DQ and DQS pins are set to a Hi-Z state.
8. The BST command is not byte controllable and applies to all bits in the DQ data word and the(all)
DQS pin(s).

IR

9. The Bank Addresses are don’t care (i.e., high or low) on the clock edge that samples a Burst Stop
Command
Co C1 Cc2 C3 C4 C5 Cé6 Cc7
AV A 2 2 Ve VN e e S
CK, CK_A__, L/ AR A A A ) ) R A
CMD Read BST Burst Terminates
CL=1.5 > .
— Hi-Z
O s Q1 XQ2,
=1 LesT=CL———p» :
QQS Hi-Z
=15 o Burst Terminates
urs i
=2 e
DQ S m—— 07 2
CL=2 Lgst=CL | —— — > _
DQS — Hi-Z
RS S s
Burst Terminates
CL=2.5 > _
. Qi xa2)% Hi2
CL=25 Lest = CL >
QQQS — Hi-Z
L=25 —T —
Burst Terminates
CL=3 > _
DQ Qi xo2) % Hi2
CL= LpsT = CL > iz
DQS T -
89 — =
CL=3.5 > /Burst Terminates
DQ Q1 XQ2 A2
CL=3.5 Lgst = CL >
S — Hi-Z
B /G N

In this example, the Burst Length = 4 or 8.
Figure 1: Terminating a DDR SDRAM/SGRAM Read Burst with BST
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3.11.5.2.8 - DDR SDRAM & SGRAM Full Sequential Burst Ordering

For DDR SDRAM & SGRAM, the following ordering is supported for sequential burst
lengths (BL) of 2, 4, and 8:

BL:2 BL:4 BL:8

051 0515253 ) ) ) ) ) b )

150 1525350 ) ) ) ) ) ) )
2535051 ) ) b ) ) ) )
3,0,1,2 , ,

—ONOUOAWN
N=ONO U AW
WSO NO O A
AWM —=-ONO O

NOURAWN—=O
ONO U A WN =
AWM= ONOD
OO WN—=ON

(7]
=

The numbers in the tables are the decimal equivalents of the LSBs (1 bit for BL=2,

2 bits for BL=4, & 3 bits for BL=8) of the Y - address.

3.11.5.2.9 - DDR DQS Coincident with Data

The signal DQS shall be coincident with Read Data from the DDR SDRAM device. The timing
diagram below shows the nominal relationship between data and DQS for read data at the output of
the DDR SDRAM devices.

Example at
CL=2.5
CK i
(External)
Clo k . . . . . . . N . N /
(Internalor - - /: e bbb bbb bbb hhhhE

Differential)

CMD >< Reéad ><

pas — =

(Output)
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3.11.5.2.10 - Extended Mode Register Set (EMRS) for DDR SDRAM/SGRAM

Extended mode register address space is provided by defining non-zero Bank address(s) for ac-

cesses that otherwise conform to the Mode Register Set (MRS) cycle. These Extended Mode Regis-
ter Set cycles (EMRS) can be implemented as needed for function extensions to the standard.

o The EMRS is required for DDR SDRAM.

o All address bits are reserved at zero until defined and used for extended functions.

® The Extended Mode Register is independent of any MRS cycle.

e BA2 and BA1 may not be implemented on all designs. If these two Bank Address bits are not avail-

able, then there is no additional expansion beyond EMRS possible for those devices.

Extended Mode Register Address Space

BAO BA1 BA2 An - AO
0 0 0 (Existing) MRS Cycle
1 0 0 Extended Functions (EMRS)
X 1 0 Reserved For Future (EMRSn)
X X 1 Reserved For Future

NOTE: The uses and functions defined by the address bits are or will be covered in separate Standards

3.11.5.2.11 - DLL Enable/Disable Mode for DDR SDRAM/SGRAM with EMRS

The following defines the DLL disable/enable bit in the Extended Mode Register:

Extended Mode Register Definition

BAO| BA1 A9 |A8 |A7 |A6 |A5 |A4 |A3 | A2 A1 JAO
DD
Disable| 0 DLL Enable
DLL .
1 DLL Disable
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3.11.5.2.12 - REFRESH REQUIREMENTS

DDR SDRAMs require a refresh of all rows in any rolling 64 ms interval. Each refresh is generated in one
of two ways: by an explicit AUTO REFRESH command, or by an internally timed event in SELF RE-
FRESH mode. Dividing the number of device rows into the rolling 64 ms interval defines the average re-
fresh interval, tREFI, which is a guideline to controllers for distributed refresh timing. For example, a 256
Mb DDR SDRAM has 8192 rows resulting in a tREFI of 7.8 ms.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the DDR SDRAM and is analogous to CAS-BE-
FORE-RAS (CBR) refresh in previous DRAM types. This command is nonpersistent, so it must be is-
sued each time a refresh is required. The refresh addressing is generated by the internal refresh control-
ler. This makes the address bits "Don’t Care” during an AUTO REFRESH command. The DDR SDRAM
requires AUTO REFRESH cycles at an average periodic interval of tREFI (maximum).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the abso-
lute refresh interval is provided. A maximum of eight AUTO REFRESH commands can be posted to any
given DDR SDRAM, and the maximum absolute interval between any AUTO REFRESH command and
the next AUTO REFRESH command is 8 * tREFI.

SELF REFRESH

The SELF REFRESH command can be used to retain data in the DDR SDRAM, even if the rest of the
system is powered down. When in the self refresh mode, the DDR SDRAM retains data without external
clocking. The SELF REFRESH command is initiated like an AUTO REFRESH command except CKE is
disabled (LOW). The DLL is automatically disabled upon entering SELF REFRESH, and is automatically
enabled upon exiting SELF REFRESH (200 clock cycles must then occur before a READ command can
be issued). Input signals except CKE are "Don’t Care” during SELF REFRESH.

The procedure for exiting self refresh requires a sequence of commands. First, CK must be stable prior to
CKE going back HIGH. Once CKE is HIGH, the DDR SDRAM must have NOP commands issued for
tXSC because time is required for the completion of any internal refresh in progress. A simple algorithm
for meeting both refresh and DLL requirements is to apply NOPs for 200 clock cycles before applying any
other command.

The use of SELF REFRESH mode introduces the possibility that an internally timed event can be missed
when CKE is raised for exit from self refresh mode. Upon exit from SELF REFRESH an extra auto re-
fresh command is not required.
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3.11.5.2.13 - MRS/EMRS for Low Power DDR SDRAM

Mode Register Set(MRS) for Low Power DDR SDRAM

| Ba1] BAO|  At3A12A117 ~ A7 | A6 | A5 | a4 | A3 | A2 | A1 [ Ao | AddressBus
| MRS ‘ 0?2 | CAS Latency ‘ BT ‘ Burst Length ‘ MRS
BA1 BAO MRS set ¢
0 0 MRS A3 Burst Type
1 0 EMRS 0 Sequential
1 Interleave
CAS Latency Burst Length y
AB A5 A4 CAS Latency A2 A1 A0 Burst Length
0 0 0 Reserved 0 0 0 Reserved
0 0 1 Reserved 0 0 1 2
0 1 0 2 (Optional) 0 1 0 4
0 1 1 3 0 1 1 8
1 0 0 Reserved 1 0 0 16 (Optional)
1 0 1 Reserved 1 0 1 Reserved
1 1 0 Reserved 1 1 0 Reserved
1 1 1 Reserved 1 1 1 Reserved

*1 : MSB depends on Low Power SDRAM density
* 2 : Allogic 0 should be programmed to all unused / undefined address and bank address bits to ensure future com-
patibility
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3.11.5.2.13 (Cont) - MRS/EMRS for Low Power DDR SDRAM

Extended Mode Register Set(EMRS) for Low Power DDR SDRAM

| BA1] BAO|  At3A12/A117 ~ A7 | a6 | A5 | a4 | A3 | A2 | A1 | Ao | AddressBus
| MRS | 02 | bs | TcsrR | Pasr | EMRs
¢ Temperature Compensated Self Refresh: Optional
BA BAO | MRS set A4 A3 | Temperature Max (degree C)™3
0 0 MRS 0 0 70
1 0 EMRS 0 1 45
1 0 15
1 1 85
v Partial Array Self Refresh: Optional
Driver Strength A2 [ A1 | A0 Self Refresh Coverage
AG | A5 |  Driver Strength olo]o 4 Banks (All Banks)
0 0 Full strength driver 0 0 1 Half array (BA1 = 0)
0 | 1 | Weak strength driver ol 1]o0 Quarter array (BA1 = BAO = 0)
10 Reserved o1 ] 1 Reserved
T Reserved 11010 Reserved
1 0 1 One-eighth array : Optional
(BA1 = BAO = Row Address MSB = 0)
1 1 0 1/16 array: Optional
(BA1 = BAO = Row Address 2 MSBs = 0)
1 1 1 Reserved

*1: MSB depends on Low Power SDRAM density

* 2 : Alogic 0 should be programmed to all unused / undefined address and bank address bits to ensure future com-
patibility

* 3 : Temperatures specified for the TCSR feature are Case temperatures

Definitions:
Temperature Compensated Self Refresh (TCSR)
Programmable refresh rate for self refresh mode to allow the system to control power as a function
of temperature

Partial Array Self Refresh (PASR)
Programmable memory array size to be refreshed during self refresh operation to reduce power.
Data outside the defined area will not be retained during self refresh
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3.11.5.3 — Enhanced SDRAM (ESDRAM) Specific SDRAM Functions

The Standards in this section are special functions that are applicable to Enhanced SDRAM
(ESDRAM). The standards cover both SDR and DDR devices as stated on the individual Stan-
dards.

3.11.5.3.1 — Read-AutoPrecharge Operation for SDR ESDRAM
In the Enhanced SDRAM (ESDRAM), a Read-Autoprecharge command will initiate multiple
functions. This standard defines those functions.

3.11.5.3.2 — Read-AutoPrecharge Operation for DDR ESDRAM
In the DDR Enhanced SDRAM (DDR ESDRAM), a Read-Autoprecharge command will initiate
multiple functions. This standard defines those functions.

3.11.5.3.3 — Cache Load Operation for SDR ESDRAM
In the Enhanced SDRAM (ESDRAM), a Cache Load command will initiate multiple functions.
This standard defines those functions.

3.11.5.3.4 — Cache Load Operation for DDR ESDRAM
In the DDR Enhanced SDRAM (DDR ESDRAM), a Cache Load command will initiate multiple
functions. This standard defines those functions.

3.11.5.3.5 — No Write Transfer, Mode of Operation for SDR ESDRAM

“No Write Transfer” mode is an optional mode of operation that allows an Enhanced SDRAM
(ESDRAM) to concurrently keep a read page and a write page open per bank. This Standard
defines the details of this operational mode.

3.11.5.3.6 — No Write Transfer, Mode of Operation for DDR ESDRAM

“No Write Transfer” mode is an optional mode of operation that allows a DDR Enhanced
SDRAM (DDR ESDRAM) to concurrently keep a read page and a write page open per bank.
This Standard defines the details of this operational mode.
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3.11.5.3.1 — Read-Auto Precharge Operation for SDR ESDRAM

The Enhanced SDRAM (ESDRAM) integrates a row cache per DRAM bank for the purposes of (1) hold-
ing read page data, (2) providing burst read output data, and (3) allowing background operations (e.g.
precharge, refresh) to be performed. In such a device, a Read-Autoprecharge command will initiate a
read (burst length defined by the Mode Register), load the row cache with the contents of the sense amp
data from the addressed row of the selected active bank, and begin the precharge one clock cycle follow-
ing the Read Autoprecharge command independent of the burst length. In the diagram below, a 4-word
burst is shown.

ok [\
cvb N ACTV RDJAP

DQ (CL=2) (_ Q1 Y Q2 X Q3 }
DQ (CL=3) Q1 X Q2 |

N <

w| |
> N\
Q
=

Q
Q

f Precharge begins

Row of data is latched
into same bank’s row cache
and data is driven out.

3.11.5.3.2 — Read-Auto Precharge Operation for DDR ESDRAM

The DDR Enhanced SDRAM (DDR ESDRAM) integrates a row cache per DRAM bank for the purposes
of (1) holding read page data, (2) providing burst read output data, and (3) allowing background opera-
tions (e.g. precharge, refresh) to be performed. In such a device, a Read-Autoprecharge command will
initiate a read (burst length defined by the Mode Register), load the row cache with the contents of the
sense amp data from the addressed row of the selected active bank, and begin the precharge one clock
cycle following the Read Autoprecharge command independent of the burst length. In the diagram below,
a 4-word burst is shown.

ck [\ \ \ \ \ \ \ \ \
cvo I AGTV RDJAP
DQ (CL=1.5) (Q1XQ2)XQ3)YQ4)
DQS (CL=1.5) \ [\ [\

DQ (CL=2) (Q1YQ2)Q3 Q4 )——
DQS (CL=2) \ [/ \/ \ —
DQ (CL=2.5) (Q1)Q2 Q3 Q4 —

DQS (CL=2.5) ~ / v/ v —

DQ (CL=3) (Q1XQ2) Q34 Q4 —

DQS (CL=3) \ [ \ [\ —
t 4
Precharge begins

Row of data is latched
into same bank’s row cache
and data is driven out.
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3.11.5.3.3 — Cache Load Operation for SDR ESDRAM

The Enhanced SDRAM (ESDRAM) integrates a row cache per DRAM bank for the purposes of (1) hold-
ing read page data, (2) providing burst read output data, and (3) allowing background operations (e.g.
precharge, refresh) to be performed. In such a device, a Read command will initiate a read (burst length
defined by the Mode Register), load the row cache with the contents of the sense amp data from the ad-
dressed row of the selected active bank. In the diagram below, a 4-word burst is shown.

ck [\ S\
CMD
DQ (CL=2) ; 1 —( Q1 Y Q2 Y Q3 { Q4 )——

DQ (CL=3) ‘ ‘ ‘ : —(Q1 J0z Q3 Q4 »—

f

Row of data is latched
into same bank’s row cache
and data is driven out.

3.11.5.3.4 — Cache Load Operation for DDR ESDRAM

The DDR ESDRAM integrates a row cache per DRAM bank for the purposes of (1) holding read page
data, (2) providing burst read output data, and (3) allowing background operations (e.g. precharge, re-
fresh) to be performed. In such a device, a Read command will initiate a read (burst length defined by
the Mode Register) and load the row cache with the contents of the sense amp data from the addressed
row of the selected active bank. In the diagram below, a 4-word burst is shown. Although half-clock
preamble is shown, it is not a requirement of this proposal.

oK [\
cvp N AGTV RD
DQ (CL=1.5) Q1 Q4
DQS (CL=1.5) /[ U/ U
DQ (CL=2) Q1 Q4
DQS (CL=2) U/ \
DQ (CL=2.5) Q1
DQS (CL=2.5) N A N B S
DQ (CL=3) Q1
DQS (CL=3) A /S —

Row of data is latched
into same bank’s row cache
and data is driven out.
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3.11.5.3.5 — No Write Transfer, Mode of Operation for SDR ESDRAM

“No Write Transfer” mode is an optional mode of operation that allows an Enhanced SDRAM (ESDRAM)
to concurrently keep a read page and a write page open per bank. This mode must be entered via an
MRS command to the Mode Register by setting the A9 bit to 1.

In “No Write Transfer” mode of operation, the ESDRAM will write only to the DRAM and not the cache in
the case of a write page miss, i.e. the row address intended for the write data does not match the pre-

viously loaded read page row address. In the case of a write page hit, both the DRAM and the cache are

written to maintain coherency. To illustrate the advantages of this mode, the timing diagram above shows
same bank operations since fast alternate bank operations can be achieved with standard SDRAM. In the

diagram above, a 4-word burst is shown.

Actions Taken within the ESDRAM in No Write Transfer mode (per bank)

(RowAddr # tag)

Command Row Cache DRAM Row Addr reg Tag NewPage flag

ACTV - - Load with cur- No change Setto 1
rent address

Read, Read-AP Load Cache - - Load with Row Setto 0

(NewPage = 1) Addr reg value

Read, Read-AP No change - - No change -

(NewPage = 0)

Read, Read-AP No change - - No change Setto 0

(Page Closed)

Write (Hit) Updated Updated - No change Setto 0

(RowAddr = tag)

Write (Miss) No change Updated - No change Setto 0

Internal to an ESDRAM are two registers per bank that hold row address information for comparison pur-
poses. A Row Addr register is loaded on a bank activate command and a row address tag is loaded to

track what is loaded into the row cache. Also, a one-bit NewPage flag is used only to determine whether
to perform a cache load on a read command.
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3.11.5.3.5 — No Write Transfer, Mode of Operation for SDR ESDRAM (cont.) I

The following describe the numbered events in the timing diagram below:

1. The ESDRAM is commanded to perform a Bank Activate. The ESDRAM performs a bank address
decode, row address decode, and data is developed in the sense amplifiers exactly like a standard
SDRAM. In addition, the ESDRAM loads the current row address into the internal Row Addr register
and compares the current row address (in the case shown above, row address = x or y) with the in-
ternal tag. The compare result is subsequently used during Write cycles. The ESDRAM also sets an
internal NewPage flag.

2. The ESDRAM performs a read, in this case a Read-AP in order to quickly close the read page. If the
NewPage flag is set, the row cache is loaded, the current row address is loaded into an internal ad-
dress tag, and the NewPage flag is subsequently reset. If the NewPage flag is reset, the row cache
remains unchanged, and the tag is left unchanged.

3. If a Write or Write-AP command is issued and the current row address does not match the address
tag, the ESDRAM performs a write to the DRAM and not to the row cache. The NewPage flag is
then reset. If a Write or Write-AP command is issued and the current row address matches the ad-
dress tag, the ESDRAM performs a write to the DRAM and the row cache. The NewPage flag is
then reset.

4. The ESDRAM performs a Read. If the NewPage flag is reset, the chip does not load the cache with
the sense amp contents (row y in the diagram above) and drives out the previously loaded row cache
data. If the NewPage flag is set, the chip loads the cache with the sense amp contents and drives
out the newly loaded row cache data.

5. This case is not shown in the timing diagram, but consider it a case that follows #2 and prior to the
2nd Activate. If a Write or Write-AP command is issued and the current row address matches the
address tag, the ESDRAM performs a write to the DRAM and not to the row cache. If a Write or
Write-AP command is issued and the current row address matches the Row Addr register, the ES-
DRAM performs a write to the DRAM and the row cache.

Figure 1, SDR ESDRAM “No Write Transfer” Mode of Operation
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3.11.5.3.6 — No Write Transfer, Mode of Operation for DDR ESDRAM

“No Write Transfer” mode is an optional mode of operation that allows a DDR Enhanced SDRAM (DDR
ESDRAM) to concurrently keep a read page and a write page open per bank. This mode is entered via
an EMRS command to the Mode Register by setting the A9 bit to 1.

In “No Write Transfer” mode of operation, the DDR ESDRAM will write only to the DRAM and not the
cache in the case of a write page miss, i.e. the row address intended for the write data does not match
the previously loaded read page row address. In the case of a write page hit, both the DRAM and the
cache are written to maintain coherency. To illustrate the advantages of this mode, the timing diagram
above shows same bank operations since fast alternate bank operations can be achieved with standard
DDR SDRAM. In the diagram above, a 4-word burst is shown.

Actions Taken within the DDR ESDRAM in No Write Transfer mode (per bank)
Command Row Cache DRAM Row Addr reg Tag NewPage flag
ACTV - - Load with current No change Setto 1
(NewPage = 0) address
Read, Read-AP Load Cache - - Load with Row Setto 0
(NewPage = 1) Addr Reg Value
Read, Read-AP No change - - No change -
(NewPage = 0)
Read, Read-AP No change - - No change Setto 0
(Page Closed)
Write (Hit) Updated Updated - No change Setto O
(RowAddr = tag)
Write (Miss) No change Updated - No change Setto 0
(RowAddr # tag)

Internal to the DDR ESDRAM are two registers per bank that hold row address information for compari-
son purposes. A Row Addr register is loaded on a bank activate command and a row address tag is
loaded to track what is loaded into the row cache. Also, a one-bit NewPage flag is used only to deter-
mine whether to perform a cache load on a read command.
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3.11.5.3.6 — No Write Transfer, Mode of Operation for DDR ESDRAM (cont.)

The following describe the numbered events in the timing diagram below in
Figure 1:

1.

The DDR ESDRAM is commanded to perform a Bank Activate. The DDR ESDRAM performs a bank
address decode, row address decode, and data is developed in the sense amplifiers exactly like a
standard DDR SDRAM. In addition, the DDR ESDRAM loads the current row address into the
internal Row Addr register and compares the current row address (in the case shown above, row
address = x or y) with the internal tag. The compare result is subsequently used during Write cycles.
The DDR ESDRAM also sets an internal NewPage flag.

The DDR ESDRAM performs a read, in this case a Read-AP in order to quickly close the read page.
If the NewPage flag is set, the row cache is loaded, the current row address is loaded into an internal
address tag, and the NewPage flag is subsequently reset. If the NewPage flag is reset, the row
cache remains unchanged, and the tag is left unchanged.

If a Write or Write-AP command is issued and the current row address does not match the address
tag, the DDR ESDRAM performs a write to the DRAM and not to the row cache. The NewPage flag
is then reset. If a Write or Write-AP command is issued and the current row address matches the
address tag, the DDR ESDRAM performs a write to the DRAM and the row cache. The NewPage
flag is then reset.

with the sense amp contents (row y in the diagram above) and drives out the previously loaded row
cache data. If the NewPage flag is set, the chip loads the cache with the sense amp contents and
drives out the newly loaded row cache data.

This case is not shown in the timing diagram, but consider it a case that follows #2 and prior to the
2nd Activate. If a Write or Write-AP command is issued and the current row address matches the
address tag, the DDR ESDRAM performs a write to the DRAM and not to the row cache. If a Write
or Write-AP command is issued and the current row address matches the Row Addr register, the
DDR ESDRAM performs a write to the DRAM and the row cache.

CK
CMD
Addr

BAn
DQS

o—

DQ 4;

M\ M\
I

Figure 1, DDR ESDRAM “No Write Transfer” Mode of Operation

The DDR ESDRAM performs a Read. If the NewPage flag is reset, the chip does not load the cache I
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3.11.5.4 — VCSDRAM Specific SDRAM Functions

The Standards in this section are special functions that are applicable to Virtual Channel
SDRAM (VCSDRAM). The standards cover both SDR and DDR devices as stated on the indi-
vidual Standards.

3.11.5.4.1 — Command Table for Virtual Channel SDR SDRAM
3.11.5.4.2 — Command Table for Virtual Channel DDR SDRAM

3.11.5.4.3 — Virtual Channel SDR SDRAM Mode Register Architecture

3.11.5.4.4 — Virtual Channel DDR SDRAM Mode Register Architecture
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3.11.5.4.1- Command Table for Virtual Channel SDR SDRAM
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3.11.5.4.3 — Virtual Channel SDR SDRAM Mode Register Architecture

The code shown is re-
O O 0 O O 0 1 O 0 O O O O 0 served for Test Mode
entry.
BA 12 11 10 9 8 7 6 5 4 3 2 1 0
ololololOololO CL BT B.L Mode Register Set
Latency Mode Burst Length
#6 #5 #4 | CAS Latency #2 #1 #0 | Sequential |Interleaved
0 0 0 Reserved - 0 0 0 1 1
0 0 1 Reserved { 0 0 1 2 2
0 1 0| 2 #3 | Burst Type 0 1 0 4 4
0 1 1 | 3 (Optional) 0 | Sequential 0 1 1 8 8
1 0 0 Reserved 1 | Interleaved 1 0 0 16 16
1 0 1 Reserved 1 0 1 | Reserved | Reserved
1 1 0 Reserved 1 1 0 | Reserved | Reserved
1 1 1 Reserved 1 1 1 | Reserved | Reserved
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3.11.5.4.4 — Virtual Channel DDR SDRAM Mode Register Architecture

The code shown is re-
0/0/0|0|0|0f2]0]0|0]|0O10[0O]|O served for Test Mode
entry.
BA 12 11 10 9 8 7 6 5 4 3 2 1 o0
O[0|O0O(O0O|O0O(R]O CL BT B.L. Mode Register Set
#8 | DLL Reset l
0 | Normal Burst Length
1 | DLL rReset #2  #1  #0 |Sequential [Interleaved
0 0 0 [ Reserved | Reserved
0 0 1 2 2
Latency Mode 0 1 0 4 4
#6  #5  #4 | CAS Latency 0 1 1 8 3
0 0 0 Reserved 1 0 0 16 16
0 0 1 Reserved 1 0 1 | Reserved | Reserved
0 1 0 2 - #3 | Burst Type 1 1 0 | Reserved | Reserved
0 1 1 3 (Optional) 0 | Sequential 1 I T TResorved | Reserved
1 0 0 Reserved 1 | Interleaved
1 0 1 Reserved :
1 1 0 Reserved BA EMRS #0 DLL Disable
1 1 1 | Reserved 0 | Normal MRS 0 Epable
1 | Extended MRS 1 Disable
1(0[0]0 Reserved Future Use  |DD| Extended Mode
Register set
Bit# BA 12 11 10 9 8 7 6 5 4 3 2 1 0
Release 9
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3.11.5.5 — DDR2 Specific SDRAM Functions

DDR2 SDRAM EMRS2 and EMRS3

For DDR2 SDRAMSs, both bits BAO and BA1 must be decoded for Mode/Extended Mode Register Set com-
mands. Users must initialize all four Mode Registers. The registers may be initialized in any order.

Notes:

1. Background: This is to ensure future compatibility iffwhen any new feature is assigned to a bit or bits in
EMR(2) or EMR(3).

2. EMR(2) and EMR(3): At this time, there are no features defined which use bit(s) in EMR(2) or EMR(3).

EMR(2) Programming: Reserved*'

[BAJBA1[BA [Ats-A13 [ A2 [ At [ Ao [ Ao [ As [ A7 [ As [ As [ A [ As [ A2 [ A1 [ Ao |AddressField

1|0| 0*1

[ 0 | Extended Mode Register(2)

*1: EMRS(2) is reserved for future use and all bits except BAO and BA1 must be programmed to 0 when setting
the mode register during initialization.

EMR(3) Programming: Reserved*'

[BAJBA1[BAO [Ats-A13 [ A2 [ At [ Ao [ As [ As [ A7 [ As [ As [ A [ As [ A2 [ A1 [ Ao |AddressField
R

1|1| 0*1

| 0 | Extended Mode Register(3)

*1: EMRS(3) is reserved for future use and all bits except BAO and BA1 must be programmed to 0 when setting
the mode register during initialization.
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3.11.5.6 — GDDR2 Specific SDRAM Functions

MRS Definition for 4Mx32/8Mx32 GDDR2

JEDEC Standard No. 21C

BA1 BAO All | Al10 | A9 A8 A7 A6 | A5 | A4 A3 | A2 | Al AO0
0 0 tWR DLL ™ CAS Latency WL BL
BAl BAO
0 MRS A7 TestMode A8 DLL Reset A0 BL
EMRS 0 Normal 0 No 0 4
1 Test 1 Yes 1 Reserved
0 EMRS2
All Al10 A9 WR A6 A5 A4 CAS Latency
0 0 0 Reserved 0 0 0 8
0 0 1 Reserved 0 0 1 9
0 1 0 3 0 1 0 10 (optional)
0 1 1 4 0 1 1 Reserved
1 0 0 5 1 0 0 4 (optional)
1 0 1 6 1 0 1 5
1 1 0 7 1 1 0 6
1 1 1 Reserved 1 1 1 7
A3 A2 Al Write Latency
0 0 0 Reserved
0 0 1 1
0 1 0 2 (optional)
0 1 1 3 (optional)
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 (optional)
Notes:

1. All Devices are specified for sequential burst type operation only.
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EMRS Definition for 4Mx32/8Mx32 GDDR2

BAl BAO All A10 A9 |A8 ‘A? A6 AS A4 A3 A2 Al A0
0 1 Vendor | System Output Driver Ron DLL DQS AL ODT Control ODT Option
BAl BAO A9 A8 A7 Ron
0 MRS 0 0 0 60
EMRS 0 0 1 55
0 EMRS2 0 1 0 50
0 1 1 45
1 0 0 40
All Vendor ID 1 0 1 35
0 Disabled 1 1 0 30
1 Enabled (optional) 1 1 1 25
A10 |System config
0 Single Rank
1 Multi Rank
A3 A2 |ODT Control
0 0 ODT OFF  |ODT for DQ,DQM,DQS, /DQS, CK, /CK is off
0 1 Auto Cal ODT for DQ,DQM,DQS, /DQS, CK, /CK is selected by resistor connected to ZQ pin
1 0 Rterm=60  |ODT for DQ,DQM,DQS, /DQS, CK, /CK is nominally 60 ohm
1 1 Rterm=120 |ODT for DQ,DQM,DQS, /DQS, CK, /CK is nominally 120 ohm
oDT
Al A0 Option
0 0 OFF  |ODT for CMD/ADR is off
0 1 x1 On die termination of CMD/ADD are same as DQ
1 0 X2 On die termination of CMD/ADD are 2x DQ
1 1 x4 On die termination of CMD/ADD are 4x DQ
A6 DLL
OFF
ON
A5 DQS
Differential
Single
Additive
A4 Latency
0
1 (optional)
Release 13
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BA1 | BAO | A11 | A10 A9 A8 A7 | A6 A5 A4 A3 A2 Al A0
1 0 0 0 | ODTW | ODT of CKE |ODT option for CS | ODT option for CK| LP ODT at PD 0 0
BA1 | BAO A9 ODT W (optional) A8 ODT of CKE (optional)
0 MRS 0 Enable Off
0 EMRS 1 Disable 1 Same as ADD ODT
1 EMRS2
A7 A6 ODT of CS (optional) A5 A4 ODT of CK (optional)
0 0 OFF 0 0 OFF
0 1 0.5x ADD ODT 0 1 1x DQ ODT
1 0 1x ADD ODT 1 0 2x DQ ODT
1 1 Reserved 1 1 4x DQ ODT
A3 Low Power Mode (optional) A2 ODT at Power Down (optional)
0 Self Refresh Mode 0 OFF All pins except CK, /CK, CKE
1 Fast wake-up Mode 1 ON As defind by EMRS/EMRS2
Notes:
1. Devices must support writing to an EMRS2 register even if the only supported mode is the default mode of operation.
2. Ifno EMRS2 is issued memory must enter default mode for ODT and Self Refresh
3.

If there is a change to EMRS, controller will need to re-issue EMRS2 command if intending to use non-default mode functionality

Default Mode is defined as:

ODT W mode will be enabled
ODT value for CS and CKE follow ADD/CMD
ODT value of CK follows ODT value of DQ
Self Refresh mode will be selected

moowp

ODT of all pins excluding CK,/CK,CKE at power down mode will be disabled
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3.11.5.7 — GDDR3 Specific SGRAM Functions

Initialization and Power Up

GDDR3 SGRAMs must be powered up and initialized in a predefined manner. Operational procedures other
than those specified may result in undefined operation. Power must be first applied to VDD and VDDQ simul-
taneously, and then to VREF. VREF can be applied any time after VDDQ. Once power has been applied and
the clocks are stable the GDDR3 device requires 200us before the RES pin transitions to high. Upon power-up
and after the clock is stable, the on die termination value for the address and control pins will be set, based on
the state of CKE when the RES pin transitions from LOW to HIGH. On the rising edge of RES, the CKE pin is
latched to determine the on die termination value for the address and control lines. If CKE is sampled at a logic
LOW then the on die termination will be set to 1/2 of ZQ and, if CKE is sampled logic HIGH then the on die
termination will be set to the same value as ZQ. CKE must meet tATS and tATH on the rising of RES to set the
on die termination for address and control lines. Once tATH is met, set CKE to HIGH. An additional 200us is
required for the address and command on die terminations to calibrate and update.

RES must be maintained at a logic LOW-level value and CS must be maintained HIGH, during the first stage of
power-up to ensure that the DQ outputs will be in a High-Z state.

After the RES pin transitions from LOW to HIGH wait until a 200us delay is satisfied. Issue DESELECT on
the command bus during this time. Issue a PRECHARGE ALL command. Next a LOAD MODE REGISTER
command must be issued for the extended mode register (BA1 LOW and BAO HIGH) to activate the DLL and
set operating parameters, followed by the LOAD MODE REGISTER command (BAO/BA1 both LOW) to reset
the DLL and to program the rest of the operating parameters. 20k clock cycles are required between the DLL
reset and any READ command to allow the DLL to lock. A PRECHARGE ALL command should then be
applied, placing the device in the all banks idle state.

Once in the idle state, two AUTO REFRESH cycles must be issued. Following these requirements, the
GDDR3 SGRAM is ready for normal operation.
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VoD 7
Z

VDDQ

VREF [ D D D
TO T1 Ta0 TbO Tc0 Tdo TeO TfO Tgo

A0-A7, A9-A11

A8

BAO, BA1

RDQS Z
wDQS
DQ

T = 200ps

tRP tMRD tMRD tRP tRFC tRFC tRP

{ Power-up: 20K cycles
VDD and CK stable Load Extended Load Mode 4

Mode Register Register DON'T CARE
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ODT Control

Bus snooping for READ commands excluding CS# is used to control the on die termination in the dual load
configuration. The GDDR3 SGRAM will disable the DQ on die terminations when a READ command is detected
regardless of the state of CS#. The on die terminations are disabled x clocks after the READ command where x equals CL
- 1 and stay off for a duration of BL/2 + 2tCK. In a two-rank system, DRAM devices on both ranks snoop the bus for
READ commands to devices on either rank and all DRAMs will disable the on die terminations, for the DQ pins if a
READ command is detected. The on die terminations for input pins on the device such as command (except RES),
address, WDQS and DM are always on for both a single-rank system and a dual-rank system unless it is turned off in the
EMRS.

ODT Updating

The GDDR3 SGRAM uses a programmable impedance output buffers. This allows a user to match the driver impedance
to the system. To adjust the impedance, an external precision resistor (RQ) is connected between the ZQ pin and VssQ.
The value of the resistor must be six times the desired driver impedance. For example, a 240 Q. resistor is required for an
output impedance of 40 Q. To ensure that output impedance is one-sixth the value of RQ (within 10 percent), RQ should
be in the range of 210 Q2 to 270 Q (35Q — 45 Q output impedance).

The output impedance and on die termination is updated during every AUTO REFRESH commands to compensate for
variations in supply voltage and temperature. The output impedance updates are transparent to the system. Impedance
updates do not affect device operation, and all datasheet timings and current specifications are met during an update.

A maximum of eight AUTO REFRESH commands can be posted to any given GDDR3 SGRAM, meaning that the
maximum absolute interval between any AUTO REFRESH command and the next AUTO REFRESH command is 9 x
7.8 us (70.2 us). This maximum absolute interval guarantees that the output drivers and the on die terminations of
GDDR3 SGRAMs are recalibrated often enough to keep the impedance characteristics of those within the specified
boundaries. During the minimum keep out time of tKO after AUTO REFRESH command, DES (i.e. /CS HIGH) should
be issued on the command bus, and no activity on the address or data bus is recommended, because the signal integrity on
the bus can not be guaranteed during this period.
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CK

| | |
commans. MY ARE S

N

ARF = Auto Refresh

4

Don’t Care D Keep Out Time

Definition of Terminology

Hereafter are defined terminologies used in the GDDR3 SGRAM specification.

Although GDDR3 might be operated in ODT Disable Mode, it is not recommended and the specification describes the
ODT Enable Mode only. Should a system be designed to operate the GDDR3 in ODT Disable Mode, the system should
comprehend the effect of the discrepancies between this specification and its own design.

If it is stated that a bus is in one of the following state, it should be interpreted as described.
Following are three terminologies defined for ODT Enable Mode.

High {terminated}: A driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VDDQ.

Hi-z{terminated}: No driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VDDQ.

Low {terminated}: A driver on the bus is driving the bus. One or more termination (ODT) on the bus is turned-
on. The voltage level of the bus would be nominally VOL(DC).

Corresponding terminologies for ODT Disable Mode are defined below. As mentioned before, ODT Disable Mode is not
an intended mode of operation. However, there exist situations where ODT Enable Mode can not be guaranteed for a
short period of time, like during power up, yet is indeed an intended mode of operation

High {unterminated}: A driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be nominally VDDQ.

Hi-z{unterminated}: No driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be undefined, because the bus would be floating.

Low {unterminated}: A driver on the bus is driving the bus. No termination on the bus is active.
The voltage level of the bus would be nominally VSSQ.
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ck—]~

COMMAND ED@@%NOP NOP NOP >@< NOP NOP

I
CL 8 | e | | | ‘
RDQS D \_/—\_/ \ A T
| | \ | \ | \ \ \ | \
“ { I % | | { I %
ba Dy | o
g — | | | | | | | | | | |
Termination g GDDR3 Data Termination is Disabled ><

Vj Don’t Care DTransitioning Data
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READ To WRITE

|

|

|
COMMAND}< é% NOP WRITE NOP

|

|

ADDRESS CO

gi

WDQS

RDQS —

DQ

| | | | | |
oDT < >g\ GDDR3 On-Die Termination Off

Notes

1. Write data can not be driven onto the DQ bus for 2 clock cycles after the READ data is off the bus.

2. The timing diagram covers a READ to a WRITE command from different banks on the same part or the same row in
the same bank.
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WRITE to READ Timing

ok — 1

T0 T1 T2 T3 T4 Tn
|
|
\
\

| \ | |
COMMAND WRITE @ N(‘)P @< N(SP >@< NOP @ N(‘)P\ RéAD @é
I [ [
| \ \ | |
Bank a,
ADDRESS Colb

\ \ ‘ \
o | | | | | | | | CL=6
High ., ., ., . @ o —
RDQS o Y, |
DQSS(mom | |
o S—‘ | '* | — I SS | | |
@ O\ oA T
| | | | | |

Don’t Care

1. DI b = Data In for column b

2. Three subsequent elements of Data In are applied following D1 b

3. tWTR is referenced from the first positive CK edge after the last Data In
4. The READ and WRITE commands may be to any bank.

5. WRITE Latency is set to 1.

6. RDQS level is High.
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Mirror Function

The GDDR3 SGRAM provides a mirror function (MF) ball to change the physical location of the control lines and all
address lines, assisting in routing devices back to back. The MF ball will affect RAS#, CAS#, WE#, CS# and CKE on
balls H3, F4, H9, F9 and H4 respectively and A0, Al, A2, A3, A4, AS, A6, A7, A8, A9, A10, Al11, BAO and BA1 on
balls K4, H2, K3, M4, K9, H11, K10, L9, K11, M9, K2, L4, G4 and G9 respectively. MF is LVCMOS input and the MF

ball should be tied directly to VSS or VDD depending on the control line orientation desired.

When the MF ball is tied low the ball orientation is as follows, RAS# - H3, CAS# - F4, WE# - H9, CS# - F9, CKE - H4,
A0 -K4, Al - H2, A2 - K3, A3 - M4, A4 - K9, A5 - H11, A6 - K10, A7 - L9, A8 -KI11, A9 -M9, A10-K2, All - L4,
BAO - G4 and BA1- G9. The high condition on the MF ball will change the location of the control balls as follows; CS#
- F4, CAS# - F9, RAS# - H10, WE# - H4, CKE - H9, A0 - K9, A1-H11, A2 - K10, A3 - M9, A4 - K4, AS - H2, A6 - K3,

A7-14,A8-K2, A9 - M4, A10 - K11, A1l - L9, BAO - G9 and BA1 - G4.

PINS MF Logic State
HIGH LOW
RAS# H10 H3
CAS# F9 F4
WE# H4 H9
CS# F4 F9
CKE H9 H4
A0 K9 K4
A1 H11 H2
A2 K10 K3
A3 M9 M4
A4 K4 K9
A5 H2 H11
A6 K3 K10
A7 L4 L9
A8 K2 K11
A9 M4 M9
A10 K11 K2
A11 L9 L4
BAO G9 G4
BA1 G4 G9
BA2 H3 H10
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The Driver and Termination impedances are derived from the following test conditions under worst case process corners

Power the GDDR3 device and calibrate the output drivers and termination to eliminate process variation at 25°C

Reduce temperature to 10°C recalibrate.

Reduce temperature to 0°C and take the fast corner measurement.
Raise temperature to 75°C and recalibrate
Raise temperature to 85°C and take the slow corner measurement

Pull-Up Characteristic at

40o0hms
V°(':7)ge MIN MAX
0.1 2377 | -2.946
0.2 -4.705 | -5.829
0.3 -6.984 | -8.644
0.4 -9.283 | -11.383
05 | -11.524 | -14.038
06 | -13.803 | -16.599
07 | -16.015 | -19.051
08 | -18.285 | -21.630
09 | -20.302 | -24.143
1.0 | -22.223 | -26.605
11 | -24.066 | -29.005
12 | -25.773 | -31.353
13 | -27.344 | -33.619
1.4 | -28.683 | -35.803
15 | -20.731 | -37.883
1.6 | -30.691 | -39.882
1.7 | -31.544 | -42.003
18 | -32.311 | -44.063

1. Nominal 1.8V (VDD/VDDQ)

2

3.

4.

5.

6

Pull-Down Characteristic at
40 ohms
V°(':7)9e MIN MAX
0.1 2.144 3.366
0.2 4.268 6.516
0.3 6.373 9.454
0.4 8.449 12.185
0.5 10.505 | 14.715
0.6 12.542 | 17.051
0.7 14.540 | 19.400
0.8 16.509 | 21.828
0.9 18.449 | 24.219
1.0 20.341 | 26.580
1.1 22.203 | 28.913
1.2 24.017 | 31.222
1.3 25.783 | 33.508
1.4 27.480 | 35.813
1.5 29.119 | 38.213
1.6 30.671 | 40.551
1.7 31.387 | 42.900
1.8 31.648 | 45.176
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On Die termination Values

Pull-Up Characteristic at

Pull-Up Characteristic at
60ohms
V°(':la)ge MIN MAX
0.1 -1.58 -1.96
0.2 -3.14 -3.89
0.3 -4.66 -5.76
0.4 -6.19 -7.59
0.5 -7.68 -9.36
0.6 -9.20 -11.07
0.7 -10.68 -12.70
0.8 -12.19 -14.42
0.9 -13.53 -16.10
1.0 -14.82 -17.74
1.1 -16.04 | -19.34
1.2 -17.18 -20.90
1.3 -18.23 -22.41
1.4 -19.12 -23.87
1.5 -19.82 -25.26
1.6 -20.46 -26.59
1.7 -21.03 -28.00
1.8 -21.54 | -29.38

1200hms

V°(':7)9e MIN MAX
0.1 -0.79 -0.98
0.2 -1.57 -1.94
0.3 -2.33 -2.88
0.4 -3.09 -3.79
0.5 -3.84 -4.68
0.6 -4.60 -5.53
0.7 -5.34 -6.35
0.8 -6.09 -7.21
0.9 -6.77 -8.05
1.0 -7.41 -8.87
1.1 -8.02 -9.67
1.2 859 | -10.45
1.3 011 | -11.21
1.4 956 | -11.93
15 991 | -12.63
1.6 1023 | -13.29
1.7 -10.51 | -14.00
1.8 -10.77 | -14.69

Pull-Up Characteristic at
2400hms

V°(':7)ge MIN MAX
0.1 -0.40 -0.49
0.2 -0.78 -0.97
0.3 -1.16 -1.44
0.4 -1.55 -1.90
0.5 -1.92 -2.34
0.6 -2.30 -2.77
0.7 -2.67 -3.18
0.8 -3.05 -3.60
0.9 -3.38 -4.02
1.0 -3.70 -4.43
1.1 -4.01 -4.83
1.2 -4.30 -5.23
1.3 -4.56 -5.60
1.4 -4.78 -5.97
1.5 -4.96 -6.31
1.6 -5.12 -6.65
1.7 -5.26 -7.00
1.8 -5.39 -7.34
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