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' TOSHIBA

1. Dynamic RAM

Capacity Type No. St ?:Z“ i MZ(:: Clhamae | process Po:i'l::s'mm:::;w) Pins | Operating
TMM41256P/T-12 120 60 220 330
262,144X1 NMOS 28 1618 Page
TMM41256F/T-15 150 75 260 275
“TMM41256AP/AT/AZ-10 100 50 190 240
*TMMa1256AP/AT/AZ-12 262,144X1 120 650 220 NMOS 396 28 16/18/16|  Page
“TMM41256AP/AT/AZ-15 150 75 260 358
256K Bit | AM41257R/T 12 262,144%1 120 i 220 NMOS 365 28 16/18 Nibble
TMM41257P/T-15 150 75 260 330
*TMM41257AP/AT/AZ-10 100 50 190 440
“TMM41257AP/AT/AZ12 262,144%1 120 60 220 NMOS 396 28 16/18/16|  Nibble
“TMMA1257AP/AT/AZ-15 150 75 260 358
TMM41464P-12 e5536x 120 60 220 oS 385 2 . page
TMMA41464P-15 150 75 260 330
TC511000P/J/2-85 85 25 165 385
TC511000P/4/Z-10 1,048,576X1 100 25 190 cMos 330 55 18/26/20 ,f:;;
TC511000P//Z-12 120 30 220 275
TC511001P/J/2-85 85 30 165 385
TC511001P/4/Z-10 1,048,576x1 100 as 190 cMos 330 55 18/26/20|  Nibble
TC511001P//Z-12 120 20 220 275
TC511002P/J/Z-85 85 25 165 385
1M Bit TC511002P//2-10 1,048,576X1 100 25 190 cmos 330 55 1872620 Statie
TC511002P//Z12 120 30 220 275
TC514256P/J/Z-85 85 30 165 13
TC514256P/J/Z-10 262,144%4 100 30 190 cMos 358 55 - l2or2e/20  F2t
TC514256P/9/Z-12 ‘[ 120 35 220 303
TC514258P/J/Z-85 85 30 165 23
TC514258P/J/Z-10 262,144%4 100 30 190 cMOS 358 55 20726120 |  Static,
TC514258P/J/Z-12 120 35 220 303
NOTE: PACKAGE TYPE ~ P: PLASTIC DIP  T: PLCC ~ J: SOJ  Z: ZIP *NEW PRODUCT
2. Dynamic RAM HYBRID MODULE
Access Time, Max(ns) Power Dissipation, Max(m
Capacity Type No. Organi- P b ::A(: %‘f:(l‘s';“’ Dram s P2 ms:::bym Pins | Module
“THM810005-10 100 25 190 2640
1,048,576x8 TC5110004 aa 30 SIMM
ewpy | THMB1000S-12 120 30 220 2,200
“THM81000L-10 1 048,576%8 100 25 190 | io00) |26 - = o
*THM81000L-12 120 30 220 2,200
“THM910005 10 1,048,576x9 100 % 190 Tos110000 | 2270 495 30 SIMM
ommt | THM91000512 120 30 220 2475
“THM91000L10 1,048,576x9 100 2 190 Tes11000d |—2270 495 30 sip
“THM91000L-12 120 30 220 2475




3. STANDARD APPLICATION Static RAM

. Organi- Access Time | Cycle Time Power Dissipation Max(mW) ! Package Width
Capacity Type No. zation Max.(ns) Min.(ns}) Process Active Standby Pins (inch)
TMM2015BP-90 90 90
TMM2015BP-10 100 100
2,048%8 NMOS 275 27.5 24 03
TMM2016BP-12 120 . 120
TMM2015BP-16 . 150 150
TMM2016BP-90 90 90
TMM2016BP-10 100 100
2,048%8 NMOS 275 275 24 06
TMM2016BP-12 120 120
TMM2016BP-15 150 150
16K Bit
TC5517CP/CF-15 150 150 0165
TC5517CP/CF-20 ' 0 2 )

S17CP/CF 2,048X8 20 0o cMos 275 24
TC5517CPL/CFL-15 150 150 0005 o8l
TC5517CPL/CFL-20 200 200 ' N ;52)
TC5518CP/CF-15 150 150 0165 ’
TC5518CP/CF-20 200 200 )

2,048X8 CMOS 275 24
TC5518CPL/CFL-15 150 150 0005
TC5518CPL/CFL-20 200 200 )
TMM2063P-10 100 100
TMM2063P-12 8,192x8 120 120 NMOS 440 55 28 03
TMM2063P-15 150 150
TMM2064P-10 100 100
TMM2064P-12 8,192x8 120 120 NMOS 440 55 28 06
TMM2064P-15 150 150
TC5563APL-10 100 100
TC5563APL-12 120 120 055
TC5563APL-15 150 150
) 8,192x8 CcMOS 275 28 03
64K Bit TC5563APL-10L 100 100
TC5563APL-12L 120 120 0.165
TC5563APL-15L 150 150
TC5565APL/AFL-10 100 100
TC5665APL/AFL-12 120 120 055 .
TC5565APL/AFL-15 150 150 06(P)
8,192x8 cMos 27.5 28
TC5565APL/AFL-10L 100 100 0.45(F)
TC5565APL/AFL-12L 120 120 0.165
TC5565APL/AFL-15L 150 150
*TC5564APL/AFL-12 120 120 0.6(P)
8,192x8 cMos 27.5 0.005 28 "
*TC5565APL/AFP-15 150 150 0.45(F)
TC55257P-10 100 100 55
TC66257P-12 120 120 ’
TC55257PL-85 32,768x8 85 85 cMOS 275 055 28 06
TC55257PL-10 100 100 ’
256K Bit | TC55257PL-12 120 120°
*TC55257AP/AF-10 100 100 s
*TC55257AP/AF-12 120 120 ) 06(P)
32,768%8 cMos 27.5 28
*TC55257APL/AFL-10 100 100 055 0.45(F)
*TC55257APL/AFL-12 120 120 ’
PSEUDO-STATIC RAM
TC51832P-85 85 135 303
256K Bit [ TC51832P-10 32,768X8 100 ~160 cMmos 248 55 28 6
TC51832P-12 120 130 220
NOTE: PACKAGE TYPE  P: PLASTIC DIP  F: FLAT PACKAGE (SOP) *NEW PRODUCT



TOSHIBA

4. HIGH SPEED Static RAM

i i i Power Dissipation Max(mwW) i
. Organi- Access Time Cycle Time " Package Width
Capacity Type No. zation Max(ns) Min(ns) Process aotve Standoy Pins (inch)
*TMM2018AD/AP-25 25 25 660
*TMM2018AD/AP-35 2,048%8 35 35 NMOS 550 110 24 0.3
*TMM2018AD/AP-45 45 45 440
*TMM2068AD/AP-25 25 25 660
16K Bit *TMM2068AD/AP-35 4,096X4 35 35 NMOS 550 110 20 03
*TMM2068AD/AP-45 45 45 440
*TMM2078AD-25 25 25 660
*TMM2078AD-35 4,096Xx4 35 35 NMOS 550 110 22 03
*TMM2078AD-45 45 45 440
*TMM2088P-35 35 35
64K Bit *TMM2088P-45 8,192x8 45 45 NMOS 660 55 28 03
*TMM2088P-55 55 55
*TMM2089C-35 35 35
72K Bit *TMM2089C-45 8,192X9 45 45 NMOS 660 85 28 03
*TMM2089C-55 55 55
TC5561P-55 55 55
65,5361 CMOS 550 055 22
TC5561P-70 70 70 03
TC5562P-45 45 45 )
65,6361 CMOS 550 1 22
TC5562P-55 55 55
64K Bit
*TC55416P-35 35 35 440
16,384X4 CMOS 55 22 03
*TC55416P-45 a5 45 330
*TC55417P-35 35 35 440
16,384x4 CMOS 55 24 03
*TC55417P-45 45 45 330
NOTE: PACKAGE MATERIAL D: CERDIP C: CERAMIC DIP P: PLASTIC DIP *NEW PRODUCT



 TOSHIBA

5. EPROM
om;"i' Access Time | Cycle Time | Power Supply | Temperature | Power Dissipation Max(mW) - Programming
Capacity Type No. P Max(ns) Min.(ns) ) Range (*C) aciive Standby ™S | Algorithm
TMM2764AD-15 150 150
0~70 525 158
TMM27684AD-20 200 200
TMM2764ADI-15 150 150 Vs
64K Bit 8,192X8 —40~85 630 184 28 lorll
TMM2764ADI-20 NMOS 200 200
TMM2 150
764AD-150 150 5V+10% 0~70 660 193
TMM2764AD-200 200 200
TMM2 - 1 150
™ Mzz::z:z ;(5) 223 200 o~70 o2 158
TMM27128ADI-15 150 150 SV
128K Bit 16,384%8 —40~85 630 184 28 lorll
TMM27128ADI-20 NMOS 200 200
TMM27128AD-150 150 150
5V10% 0~70 660 193
TMM27128AD-200 200 200
TMM27256AD-15 150 150
0~70 525 158
TMM27256AD-20 200 200
TMM27256AD!-15 150 150 Vs
32,768X8 —40~85 630 184 28 lorll
TMM27256ADI-20 NMOS 200 200
TMM27256AD-150 150 150
256K Bit 5VE10% 0~70 660 193
TMM27256AD-200 200 200
TC57256D-20 200 200
TC57256D-25 250 250 SVES 210
32,768X8 158 0.525 28 torll N
*TC57256AD-15 CMOS 150 150
5V45% 125
*TC57256AD-20 200 200
TMM2 - 200
7512D-20 200 0~70 630 184
TMM27512D-25 250 250
TMM27512D1-20 200 200 Bv£5%
512K Bit 65,536X8 —40~85 683 210 28 forll
TMM27512D1-25 NMOS 250 250
TMM27512D-200 200 200
5V+10% 0~70 715 220
TMM27512D-250 250 250
*TC571000D-15 150 150
*TC571000D-20 200 200
1M Bit 131,072%8 5V+5% —40~85 158 0.525 32 1l
*TC571001D-15 CMOS 150 150
*TC571001D-20 200 200
NOTE: PACKAGE MATERIAL D: CERDIP *NEW PRODUCT



6. ONE TIME PROM

.. TOSHIBA

Organi- Access Time | Cycle Time { Power Supply ] Temperature | Power Dissipation Max(mw) Programming
Capacity Type No. &';f;g’:” Max(ns) Min.{ns) ) Range (*C} ‘Active Standby Pins | asgorithm
64KBit | TMM24B64AP/AF 1oz 200 200 sV45% | —40~85°C 525 158 28 torl
128K Bit | TMM24128AP/AF 1838458 200 200 5V45% | ~40~85°C 525 158 28 Torll
TMM24256AP/AF 3zre8%8 200 200 sV+5% 525 158 28 Toril
256K Bit -40~85°C
*TC54256AP/AF 32708%8 200 200 5V5% 158 os2s | 28 | ern
512KBit | TMM24512P/F adsaexa 250 250 5Vi5% | —40~85°C 630 184 28 Torll
NOTE: PACKAGE TYPE  P: PLASTIC DIP  F: FLAT PACKAGE (SOP) “NEW PRODUCT
7. Mask ROM
. Organi- Access Time Cycle Time Power Dissipation Max(mW)
Capacity Type No. zation Max {ns) Min(ns) Process Active Standby Pins
256K Bit TC53257P/F 32,768X8 200 200 cMos 138 011 28
1M Bit TC531000AP/AF 131,072x8 200 200 cMos 138 011 28
2M Bit TC532000P 282,144X8 200 200 cMOS 220 011 32
amgit *TC534000P 524,288%8 250 250 cMOs 220 011 32
NOTE: PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE *NEW PRODUCT



1. 256K Bit Dynamic RAM

Organization 256KX1 (page mode) 256KX1 (nibble mode) 64KX4 (page mode)

TOSHIBA TMM41256AP/AT/AZ TMM41257AP/AT/AZ TMM41464AP/AT/AZ
Fujitsu MB81256 MB81257 MB81464
Hitachi HM50256 HM50257 HM50464
Mitsubishi M5M4256 M5M4257 M5M4464
NEC #PD41256 uPD41257 uPD41464
Oki MSM41256 MSM41257 MSM41464
T TMS4256 TMS4257 TMS4464

2. 1MX1 Dynamic RAM

Organization

1MBX1 (Fast page mode)

1MBX1 (Nibble mode)

1MBX1 (Static column mode)

SUPPLIER PART# | PROCESS PART# | PROCESS PART# | PROCESS
TOSHIBA TC511000 cMmos | Tcs11001 cMOS | TC511002 CcMOS
FUJITSU MB81C1000 cmos | mBs1C1001 cMos | mBsiciooz CMOS
HITACHI HM511000 CMOS | HMs11001 CMOS [ HMS511002 CMOS
MITSUBISHI M5MA4C1000 CMOS | M5Mac1001 CMOS | MsM4aC1002 cMOS
NEC uPD421000 CMOS | wPD421001 CMOS | uPD421002 cMoSs
Tl TMS4C1024 CMOS | TMs4c1025 CMOS | TMS4C1027 cMOS
AT&T M411024PP CcMOS - M411024PK cMos
NMB AAATM101 CMOS | AAAIMI102 CMOS | AAAIM100 CcMOS
SAMSUNG KM41C1000 CMOS | KM41C1001 cMos | KM41C1002 cMOS

3. 256Kx4 Dynamic RAM

Organization

256KX4 (Fast page mode)

256 KX4 (Static column mode)

SUPPLIER PART# i PROCESS PART# I PROCESS
TOSHIBA TC514256 CMOS TC514258 CMOS
FUJITSU MB81C4256 CMOS, -

HITACH! HM514256 CMOS HM514268 CMOS
MITSUBISHI M5M44C256 CMOS M5M44C258 CMOS
NEC nPDA424256 CMOS 1PD424258 CMOS
T TMS44C256 CMOS TMS44C257 CMOS
SHARP LH64257 CMOSs LH64256 CMOSs

4. DRAM HYBRID MODULE
ORGANIZATION 1MXx8 1MX9

TOSHIBA THM81000S/L THMS81000S/L
HITACHI HBS6A18 HB56A19
MITSUBISHI MH1MO09J




5. 16K Bit Static RAM
1) NMOS

TOSHIBA

Organization 2Kx8 4KX4
Package Width 0.6 inch 0.3 inch
TOSHIBA TMM2016BP TMM2015BP TMM2018AD/AP TMM2068AD/AP
Fujitsu MB8128 MB3168
Hitachi HME116 HME116AS HM86168
Inmos IMS1420/1421
Mitsubishi M58725 M5M2168
Motorola MCM6116 MCM2016H/18 MCMB168
NEC uPD4016 uPD4016CX
Oki MSM2128
AMD AM9128 ‘AM9128 AM2168
2) CMOS
Organization 2KX8
TOSHIBA TC5517CP/CF TC5518CP/CF
Fujitsu MB8416 MB8417/8418
Hitachi HM6116 HM6117
NEC uPD446 nPD449
Oki MSM5128 MSM5129
Mitsubishi M5M5117 M5M5116/5118
Sharp LH5117 LH5118
6. 64K/72K BIt Static RAM
Organization 8Kx8 ] exxe 64Kx1
NMOS/CMOS NMOS L CMOS I NMOS CMOS
Package Width 0.3 inch 0.6 inch 0.3 inch 0.3 inch
TOSHIBA TMM2063P TMM2064P | TC5564AP/AF |TC5565APL/AFL] TC5563AP TMM2088P TMM2089C TC5562P
Fujitsu MB8464 MBB8464 mMB81C78 MB81C79 HB81C71A
Hitachi HME264AS HM6264 HM6264 HM6264 ASP HM6287
Mitsubishi M5MS5164 MS5M5165 M5M5178 M5&M5179 M5M5187
NEC uPD4464 uPD4364 uPD4361
Oki MSM5165 MSM5164 MSMS5165
Inmos IMS1600/1
Motorola MCMé6164 MCM6287
IDT IDT7164 IDT7187
7. 256K Bit Static RAM/Pseudo Static RAM
Qrganization 32KXx8
TYPE SRAM PSRAM
NMOS/CMOS CMOS CMOS
Package Width 0.6 inch 0.6 inch
TOSHIBA TC55257 TC51832P/PL
Fujitsu HB84256
Hitachi HM62256 HM65256
Mitsubishi M5M5256
NEC 1PD43256 #PD42832
Sony CXK58256
SMOS SRM20256
Sharp LH52256 LH62258




8. 64K/128K Bit NMOS EPROM/OTP

Organization BKX8 16Kx8
EPROM/OTP EPROM OTP EPROM oTP
Pins 28 28 28 28
TOSHIBA TMM2764AD TMM2464AP/AF TMM27128AD TMM24128AP/AF
AMD Am2764A Am27128A
Fujitsu MBM2764 MBM27128A
Hitachi HN482764 HN482764 HM4827128G HN4827128
Intel i2764A P2764A i27128A P27128A
Mitsubishi M5L2764K M5M2764P M5L27128K M5M27128P
Mostek
Motorola - .
NEC uPD2764 uPD2764C pPD27128 uPD27128C
Oki MSM2764 MSM27218
1l TMS2764
9. 256K/512K/1MBIT EPROM/OTP
Organization 32KX8 64KX8 128KX8
EPROM/OTP EPROM oTP EPROM l oTP EPROM
NMOS CMOS NMOS CMOS NMOS CMOSs
TC57256D N
TOSHIBA TMM27256AD | TC57256AD [TMM24256AP/AF|TC54256AP/AF| TMM27512D |TMM24512P/F | TC571000D TC571001D
- AMD AmM27256 AM27C256 Am27512
Fujitsu MBM27256 MBM27C256 - - MBM27C1000 | MBM27C1001
Hitachi HN27256G HN27C256G | HN4827256P HN27512G HN27C101 HN27C301
Intel 127256 i27C256 P27256A P27C258 27512 P27512 27010 -
Mitsubishi MS5L27256K | M5M27C256 | M5M27256P | M5M27C256P | MS5L27512 M5M27C100 | M5M27C101
NEC pPD27256 | uPD27C256A | pPD27256C | uPD27256C - pPD27C100 | wPD27C101
Oki MSM27256 MSM27C256 MSM27512 MSM271000
NSC - NMC27C256 — NMC27C512 NMC27C1023
T - TMS27C256 TMS27C512
10. 256K/1MBIT/2MBIT/4MBIT MROM
Organization 32K%8 128KXx8 256KXx8 512KX8
CMOS CMOS
TOSHIBA TC53257P/F TC531000AP/AF TC532000P TC534000P
T TMS47C256 TMS47C1024
Fujitsu MB83256 MB831124 MB832000
Hitachi HN613256P HN62301 HN62302
Motorola MCME5256A
Mitsubishi - M5M23C100 - M5M23C400
NEC pPD23C256 «PD23C1000 uPD23C2000
Oki MSM53256 MSM531000
RCA CDM53256
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- TOSHIBA

MEMORY SELECTION GUIDE (1) — ACCESS TIME VS. CAPACITY. “Preliminary
TC57256-25 TMM27512-25 TC571000/1-25 1C534000
TMM27512-250
TMM24512
TC5517C-20 TMM2764A-20 TMM27128A-20 TC57256A-20 TMM27512-20 TC571000/1-20 1C532000
TC5518C-20 TMM2764A-200 TM27128A-200 TMM27256A-20 TMM27512-200
TMM2464A TMM24128A TMM27256A-200
TC57256-20
TMM24256A
TC54256A
1Cs3257
TMM20158-12/15 TMM2063-12/15 TMM27128A-15 TMM41256-12/15 TC511000-12
TMM20168-12/15 TMM2064-12/15 TMM27128A-150 TMM41257-12/15 TC511001-12
TC5517C-15 TC5563A-12/15 TMM41464-12/15 TC511002-12
1Cs518C-15 TC5564A-12/15 TMM41256A-12/15 TC514256-12
TC5565A-12/15 TMMA1257A- 1215 TC514258-12
TMM2764A-15 105525712 TC531000A
TMM2764A-150 TC55257A-12
TC51832-12
TMM27256A-15
TMM27256A-150
TMM20158-80/10 TMM2063-10 TMM41256A-10 TC511000-85/10
TMM20168-90/10 TMM2064-10 TMM41257A-10 TC§11001-85/10
TMM2064-70 TC55257-85/10 TC511002-85/10
TC5563A-10 TC55257A-85/10 TC514256-85/10
TC5565A-10 TC51832-85/10 TC514258-85/10
TC5561-55/70
TMM2018A-25/35/45 | TMM2088-35/45/55 | TMM2089-35/45/55
TMM2068A-25/35/45 | TC5562-45/55
TMM2078A-25/35/45 | TC55416-35/45/55
TC55417-35/45/55
16K Bit 64K Bit 72K Bit 128K Bit 256K Bit 512K Bit 1M Bit 2M Bt 4M Bit




MEMORY SELECTION GUIDE (2) — TYPE OF MEMORY VS. CAPACITY *Preliminary
Memory Capacity
Memory Type
16K Bit 64K Bit 72K Bit 128K Bit 256K Bit §12K Bit M Bit 2M Bit 4M Bit
TMM41256P/T
TMM41257P/T
NMOS Dynamic RAM TMM41464P
TMM41256AP/AT/AZL
TMM41257AP/AT/AZ]
TC511000P/VZ
TC511001PVZ
CMOS Dynamic RAM TC511002PVZ
TC514256PWZ
TC514258PVZ
RAM TMM20158P TMM2063P TMM2089C/P
TMM2016BP TMM2064P
NMOS Static RAM TMM2018AD/AP | TMM2088P
TMM2068AD/AP
TMM2078AD
TCS517CP/CF TCS564APUFL TC55257P
TCS518CP/CF TCS563APL TCS525TAP/AF
TC5565APLAFL TC51832PPL
CMOS Static RAM TC8561P
TC5562P
TC55416P
TC55417P
NMOS EPROM TMM27E4AD/ADI TMM27128A0/ADI | TMM27256A0/ADI | TMM275120/D1
TC572560/A0 TC571000/1D
CMOS EPROM
ROM CMOS Mask ROM TC53257PF TC531000AP/AF | TC532000P TC534000P
TMM2464AP/AF AF
NMOS OTP
TCSA256AP/AF
CMos oTP

10



TOSHIBA

\
MEMORY SELECTION GUIDE (3) — WORD BY BIT
Word Bit 9
TMM20156P TCS517CPICF
TMM20166P 1055 18CR/CF
LS TMM2018AD
THM2018A
‘K TMM206BAD/AP
TMM2078AD
TMM2063P TMM2464AP/AF THM2089C/P
TMM2064P TMM2764A0/ADI
o« TC5564APLIAFL
TC5563APL
TCS565APLAFL
TMM2088P
1C55416P TMM24128AP/AF
16K TCS5417 TMM27128AD/ADI
1C55257P TMM27256AD/AD!
TC55257APIAE TC53257P/F
32K TC51832P/PL T572560/A0
TC54256AP/AF
TMM24256AP/AF
1C5561P TMMA1464P TMM24512P/F
64K 1C55620 TMM275120/1
TC531000AP/AF
128K 1C571000/1D
TMMA1256P/T TC514256PUZ 165320000
256K TMMA125 7T TC514258PZ
TMMA1256AP/AT/AZ
TMMA125TAP/ATAZ
512K 10534000
TC511000P1Z THMB1000S/L THM91000S/L
™ TCS11001PIYZ
TC511002PHZ

11



MEMORY SELECTION GUIDE (4) — HIGH DENSITY PACKAGE

| toswea

PACKAGE pLec S04 zr SIP/SIMM 06
PN 18 26/20 16 2019 30 u 2
TMMA12567 TMM41256A2
TMM41257T TMM41257AZ
256K | Tumat256AT
TMM41257AT
Dynanic 105110004 105110002
RAM 105110014 105110012
™ 5110020 705110022
105142564 105142562
C514258) 105142567
THME1000S/L
BWIM THM91000S/L
TCS817CF
16K C8518CF
Static
TCSSBAAFL
RAM 4K TCSS6SAFL
256K TCS5257AF
Mask 256K 1C53257F
Rom ™ TCS31000AF
64K TMM24S4AF
126K TMM24128AF
orp TMM24256AF
256K TCS4256AF
512K TMM24812F

12
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TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES
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~ TOSHIBA MOS MEMORY PRODUCT

262,144 WORD X 1 BIT DYNAMIC RAM
N-CHANNEL SILICON GATE MOS

TMM41256P/T-12
TMM41256P/T-15

DESCRIPTION

The TMM41256P/T is the new generation dynamic
RAM organized 262,144 words by 1 bit, it is successor
to the industry standard TMM4164AP.

The TMM41256P/T utilizes TOSHIBA’s N-channel

Silicon gate process technology as well as advanced .

circuit techniques to provide wide operating margins,
both internally and to the system user.
Multiplexed address inputs permit the TMM-

FEATURES

® 262,144 words by 1 bit organization
e Fast access time and cycle time

DEVICE tRAC tcac tRC

TMM41256P/T-12 120 ns 60 ns 220 ns

TMM41256P T-18 150 ns 75 ns 260 ns

e Single power supply of 5V +10% with a built-in
Vgg generator

e |ow Power:
330mW Operating (MAX.) (TMM41256P/T-12)
275mW Operating (MAX.) (TMM41256P/T-15)
28mW Stand by (MAX.)

PIN CONNECTION (TOP VIEW)

« Plastic LCC » Plastic DIP
50 asl1
§22233 D2
loleliaialial - _
cxsdiz 161514 1312 nhas WRITE(Q 3
Vss 018 100 A7 RAS[ 4
As Q1 o) 9 Vee aols
1

w2 345678]A A2(l6
g gasgm g g
Raoooq a1 Q7
g Vec8
2

PIN NAMES
[ Ao ~As____ | Address Inputs

CAS Column Address Strobe

Din Data In

Dout Data Out

RAS Row Address Strobe

WRITE Read/Write Input

Vee Power (+5V)

Vss Ground

41256P/T to be packaged in a standard 16 pin plastic
DIP and 18 pin plastic leaded chip carrier. The
package size provides high system bit densities and 15
compatible with widely avallable automated testing
and insertion equipment.

System oriented features include single power
supply of 5V +10% tolerance, direct interfacing
capability with high performance logic families such
as Schottky TTL.

Output unlatched at cycle end allows two-dimen-
sional chip selection

e Common /O capability using "EARLY WRITE"
operation
e Read-Modify-Write, RAS-only refresh, Hidden
refresh, and Page Mode capability.
e Allinputs and output TTL compatible
® 256 refresh cycles/4ms
® Package
Plastic DIP o TMM41256P
Plastic Leaded Chip Carrier  : TMM41266T
BLOCK DIAGRAM <—oVee
«—oVgs
WRITE DATA IN DN
%_rjj— BUFFER
CAS o_»| NO.2CLOCK {H DATA OUT | oo Doyt
GENERATOR BUFFER
)
COLUMN
Ag o— ADDRESS T COLUMN
A BUFFERS (9) 11° } oecooen
Ago—e (L ____/]
A3 o 1024
Agq O—
As © SENSE AMP
1/0 GATING
Ag O—m
A7 00—
ROW - = -
A8 o—m| ADDRESS ; P 1024
BUFFERS (9) Blzu
T 28 Tose| MEMORY
- J w |t ARRAY
RAS NO. 1 CLOCK o
GENERATOR

A-3




TVIVI41Z2D0P/ 1712
TMM41256P/T-1 5

ABSOLUTE MAXIMUM MATIGS

ITEM SYMBOL RATING UNITS - NOTES
Input and Output Voltage Vin, VouT -1~7 \ 1
Pom@r Supply Voltage Vee v
| Operating Temperature ToPR i _°7(73m B
Storage Temperature TstG ~160 | °C_ 1
Soldering Temperature - Time TsOLDER ~_260-10 | ,,,L,’,(,:,;,SQE 1
Power Dissipation Po o800 LW ]
Short Circuit Output Current louT 50 mA ] 1
RECOMMENDED DC OPERATING CONDITDONS (Ta=0~ 70°C)
SYMBOL 'PARAMETER MIN. | TYP ~ MAX. | uniTs | NoOTEs |
Vee Supply Voltage 445 g 80 |85 Vo2
Vin Input ngh Voltage ) 2.4 - | 65 4 vV 4 2
ViL Input Low Voltage _J -1.0 - 0.8 \% 2
DC ELECTRICAL CHARACTERISTICS (Vcc 5V £10%, Ta= 0~ 70°C)
SYMBOL ~ PARAMETER ] MmN, | max. | unITS | NOTES
OPERATING CURRENT IMMA1256P 1-12|  — 60
lect Average Power Supply Operating Current — mA 3.4
(RAS, TAS Cycling: tHe = tre MIN.) TMM412J6P 116 - 50
STANDBY CURRENT
lcc2 Power Supply Standby Current - 5 mA
(RAS = CAS = V)
REFRESH CURRENT 7MM41255p 1. 12 _ 45
lecs Average Power Supply Current, Refresh Mode e - mA 3
(RAS Cycling, CAS = Vi : tac = tac MIN.) TMM41256P T15 - 40 7 - o
PAGE MODE CURRENT TMM41256P T-12 - 45
lcca Average Power Supply Current, Page Mode — et mA 3.4
(RAS = Vi, CAS Cycling : tpc =tpc MIN.)  |[TMM41266P T-15)  — | 40 |
INPUT LEAKAGE CURRENT .
) Input Leakage Current, any input (OV < V)y £6.5V, -10 10 HA
All Other Pins Not Under Test =0V) T D R
OUTPUT LEAKAGE CURRENT
-10 A
oL | Dy isdisabled, OV < Vour S45.5v) | 71910 A
OUTPUT LEVEL
VoH Output "H" Level Voltage “OUT = —5mA) e ?'4 R ) v
OUTPUT LEVEL
Vou Output "“L** Level Voltage (lgyt = 4.2mA) T 04 v




TMM41256P/T-12
TMM41256P/T-15

ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec =5V +10%, Ta=0~70C) (Notes 5, 6, 7)

o T [ TMM41256P T-12 | TMM41256P T-15 ; i
SYMBOL PARAMETER t : =1 UNITS | NOTES |
MIN. MAX. MIN. MAX . i
tn( "1 Random Read or Write Cycle Time 220 = 260 ~ N ns » :
" mwe_ | Read-Write Cycle Time 240 [ - 285 | - ns |
thmw Read-Modify-Write Cycle Time 260 - 310 — ns_
) toc Page Mode Cycle Time 120 - 145 - ns I
“tewc | Page Mode Read-Write Cycle Time 140 | — 170 | — [ e |7
tPRMW i Page Mode Read-Modify-Write Cycle Time 160 - 195 - ns
thaC Access Time from RAS - 120 — 150 ns 8,10
teac Access Time from CAS — . 60 | — 75 ns 9.10
{1 Qutput Buffer Turn-Off Delay 0 35 o] 40 ns 1"
tr Transition Time (Rise and Fall) 3 50 3 50 ns 6
trp RAS Precharge Time 90 - 100 - ns
tras RAS Pulse Width 120 | 10,000 [ 150 | 10,000 ns T
tRsH RAS Hold Time 60 — 75 — ns
1csH CAS Hold Time 120 — 150 — ns
tcas CAS Pulse Width 60 | 10,000 75 | 10,000 ns
tReD RAS to CAS Delay Time 25 60 25 75 ns 13
tcap CAS to RAS Precharge Time 10 — 10 — ns
tepn CAS Precharge Time 25 — 25 - ns
CAS Precharge Time (for Page Mode
tep 50 — 60 - ns
Cycle Only)
tasR Row Address Set-Up Time 0] — 0 — ns
tRAH Row Address Hold Time 15 - 15 - ns
tasc Column Address Set-Up Time (0] — e} — ns
tCAH Column Address Hold Time 25 - 30 - ns
Column Address Hold Time
tar — 95 . 120 — ns
Reference to RAS
tReS Read Command Set-Up Time 0 — 0 — ns
Read Command Hold Time
tRew Reference to CAS 0 N 0 B ns 12
Read Command Hold Time
tans Reference to RAS 15 - 20 - ns 12
twek Write Command Hold Time 35 - 45 - ns
Write Command Hold Time
twea Reference to RAS 95 N 120 N ns
twe Write Command Pulse Width 35 — 45 — ns
tawe Write Command to RAS Lead Time 35 — 45 — ns
towt Write Command to CAS Lead Time 35 - 45 - ns
tos Data-In Set-Up Time 0 — 0 - ns 14
1oH Data-In Hold Time 35 — 45 - ns 14
Data-In Hold Time
tonA Reference 10 RAS 98 - 120 - ns
tRFF Refresh Period — 4 - 4 ms
twes Write Command Set-Up Time -10 — -10 — ns 15
tcwp CAS to WRITE Delay 40 — 50 — ns 15
tRWD RAS to WRITE Delay 100 — 126 | — ns 15




- TMM41256P/T-12
- TMM41256P/T-15

CAPACITANCE

(Vce = 5V £10%, f = TMHz, Ta= 0~ 70°C)
[ symeoL ; " PARAMETER TOoOMING T max 7; uNITS ]
[ Cn - Input Capacitance (Ao ~ A;, D'N), - ; e 5 _i .___BF____ ﬂ__‘!
i Cio . Input Capacitance (RAS, (-:/—GWFNTE) o o - : 1| B "
|G | OuwpsCwpacitnce(Oour) - s )
NOTES:

1. Stresses greater than those listed under ““Absolute Maximum Ratings’’ may cause permanent damage to the device.

2. All voltages are referenced to Vgg.

3. leci. lees. Icca depend on cycle rate.

4. lcct. lcca depend on output loading. Specified values are obtained with the output open.

5. An initial pause of 200us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved.

6. AC measurements assume t1 = 5 ns.

7. Vig (min.) and V. (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-
tween Vjy and V).

8. Assumes that trep S trep (max.). If taep is greater than the maximum recommended value shown in this table, trac will
increase by the amount that tgcp exceeds the value shown,

9. Assumes that trep 2 trep (max.)

10. Measured with a load equivalent to 2 TTL loads and 100pF.

11. topg {max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.

12. Either tgcy or tgrH Must be satisfied for a read cycle.

13. Operation within the tgcp (max.) limit insures that tgac (max.) can be met. tgrep (max.) is specified as a reference point
only: If tpcp is greater than the specified tgep (max.) limit, then access time is controlled exclusively by ;CAC.

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read-
modify-write cycles. .

15.  twcs. tcwp and tRwD are not restrictive oparating parameters. They are included in the data sheet as electrical characteristics
only. If twes 2 twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If towp = tewp (min.) and trwp = trwp (Min.), the cycle is a read-write cycle or read-modify-
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminate.

TIMING WAVEFORMS

® READ CYCLE tAC
nas
RAS VIH — Yl AR \
Vie — N —
tesn il
tcre laco | afe - b e
Y I‘— By Bl . tcas 7
Tas VM — \-
viL — 4
1ash | [tRAH 'As_c_t tcaH
ViH —
ROW ABOAES! /// // //// /><
ADDRESSES vie — ADDRESS ADDRESS ////////

I/ N
. l_ taac toFF
Oout :Z:: oPEN < VALIO DATA >——

Don‘tcare



® WRITE CYCLE (EARLY WRITE)

TNIM41256P/1-12
TMM41256P/T-15

AC
e cm - e
TRAS
e e
o Vg — 3 AR
RAS
ViL— \ N
. tesH tap
lcRP tRCO RSH __tcPN_
— ViH — tcas /
CAS Vie — \
tASR tRAH  tAsC tcaH
ViH— AOW COLUMN
ADDRESSES ADDRESS ADDRESS / 22 2 2 f 2 ><
1 towiL
twes | twen
o = TN W
vip — L
TWCR TRWL  ————amd
‘DS“L_ TOH
ViH —
I T Y
v — /.
N toHA
dout \",":;:: - oPEN ! Don'(cuo
®READ-WRITE/READ-MODIFY-WRITE CYCLE
tRWC/tRMW
'RAS
AAS Vm——'_-ﬁ'\ AR Z" X,
Vie— b 7 RP
tRSH
1
tcre tACD ‘zi: feen
w e f /7
Vie —, 3
tASR IRAH, tasc | tCAH
Vin— Caow COLUMN 7
soonssses (1 X Romness K/ _sooress ] A
' — tawp oWt
I tacs | tewp TAWL __|
1 ——
— ViH—
W WS N/ :
tcac wp tOFF
VoH— s
oout 13 TA
voL— OPEN —{L VALID DA }—
tRAC
tos 1DH
ViH — VALID
oMy I oy /////Diom- I

e “RAS-ONLY"” REFRESH CYCLE

3|
>
I

ADDRESSES

DouTt

VOoH —
v

RAC

VIH —
ViL —

ViH—
Vi

e

tASR

-
N

tRAS

\
\

RAH

Mald

row soomess W7/ 11111 LLLLTILLLTLLLTL

oL —

OPEN

Note: EAS = vy, WRTTE = Don't cars, Ag = Don‘t care

A-7
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"1TNINI41296P/T1T-12
“TM M41256P/T-15

RAS

ADDRESSES

e HIDDEN REFRESH CYCLE

REFRESH
le——— MEMORY CYCLE —miw— QECRESH g averes
tRC RC tRC
tRAS tRP tRAS RAS tRP
v tAR ;
H— k i
ViL — \’L 3 \ ‘ V
i
tcas o Lleen
'
Vik — | )‘_’L\_—
Vie — —}
tcaH tAsA| | tRAH tASA| | tRAH
Vin - LUMN 7~ Row ROW Y}
ViL— DRESS N _AoD N / ADD
tRCH
_'RRH
¢
ViK— 7 1\/
Vie— [/
tcAC
L mac™ ] rorr
oH— 7 1+
OPEN 4 VALID DATA >———
VoL— { p— g
¢ PAGE MODE READ CYCLE
tRAS
t,
ViH— AR Z
ViL— 3 {5 b \
A {
csh tPC tcAs tRSH tRP
cRP

|

o
P
ol

ADDRESSES M

Pour

WRITE

‘HCS

VIH —
ViL —

77

¢ PAGE MODE WRITE CYCLE

ADDRESSES

WRITE

"A Don’t care

tRAS
tAR
Vin— b
Vi — ‘
s —— tCSH o TRSH
. e L, e
C"‘:. tRCD icas icp tcas | tcas { _teen
Vin — \
N 1
Vie—_/ 7 - 2z N—
tRAH CAH fcAH tcaH
tasc tasc
coL “coL
ADD ADD Z
TWCH tWCH | TWCH
1cwWL TewWL. l tewL

ViH— 7
ViL—

|
i

WM‘

VA

[ 4 L twe
wCh e ::—W tRWL
tps loH

Vin— VALID ) \IALID vALID

Vip— DATA M DATA DATA

tDHR
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TMM41256P/T-12
TMM41256P/T-15

® PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE

S 1
Tan
HAS Ve _—""\"“" e X
Vu s tae
e - tea trsn
t—eeee tear
tnco teas teas coeeed
- r—i—
chs  Vm / \ [
N 4
tasa [ =1 ['"'_ [tase |_tean ol | teun e | teaw
AoA " frow coL }W/ % CoL W XSSk
7, ADD ADD ADD
L towa _ v_’{
tacs tewo tewm tewo Ltem | tewo tew
S / e ~ -
Wi
: Vi ..Zéé. F
s ter e
tese l dltorr | tex Lo [ tene Ll
v, - - B
Dow .—J__———-< VALID DATA VALID DATA ) VALD DATA
Vo A
e et

tos L | Jtou tor | ten tor {1 | Jton

Vi T 7
f

Don't care



TMM41256P/T-12

APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the
262,144 cell locations within the TMM41256P/T are
multiplexed onto the 9 address inputs and latched
into the on-chip address latches by externally applying
two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS),
latches the 9 row address bits into the chip. The
second clock, the Column Address Strobe (CAS),
subsequently latches the 9 column address bits into
the chip. Each of these signals, RAS and CAS,
triggers a sequence of events which are controlled
by different delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurrence of a
delayed signal derived from the RAS clock chain.
This ““gated CAS " feature allows the CAS clock to be
externally activated as soon as the Row Address
Hold Time specification (tgan) has been satisfied
and the address inputs have been changed from Row
address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is
the strobe for the Data In (DyN) register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the DN is strobed by CAS and the
set-up and hold times are referenced to CAS. If
the input data is not available at CAS time or if it
is desired that the cycle be a read-write cycle, the
WRITE signal will be delayed until after CAS has
made its negative transition. In this ““delayed write
cycle” the data input set-up and hold times are re-
ferenced to the negative edge of WRITE rather
than CAS. (Toillustrate this feature, Djy is referenced
to WRITE in the timing diagrams depicting the
read-write and page mode write cycles while the
“eaﬂ\_/__write” cycle diagram shows Dy referenced
to CAS).

Data is retrieved from the memory in a read

cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle
in which CAS is active (low). Data read from the
selected cell will be available at the output within
the specified access time.
DATA OUTPUT CONTROL
The normal condition of the Data Output (DgoyT)
of the TMM41256P/T 1s the high impedance (open
circuit) state. This is to say, anytime CAS is at a
high level, the Doyt pin will be floating. The only
time the output will turn on and contain either a
logic O or logic 1 is at access time during a read cycle.
Doyt will remain valid from access time until CAS
is taken back to the inactive (high level) condition.
PAGE MODE
The “Page-Mode" feature of the TMM41256P/T
allows for successive memory operations at multiple
column locations of the same row address with
increased speed without an increase in power. This
is done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout
all successive memory cycles in which the row address
is common. This "‘Page Mode'" of operation will
not dissipate the power associated with the negative
going edge of RAS. Also, the time required for
strobing in a new row address is eliminated, thereby
decreasing the access and cycle times.
REFRESH
Refresh of the dynamic cell matrix isaccomplished
by performing a memory cycle at each of the 256
row address (Ao ~ A7) within each 4 millisecond
time interval. Although any normal memory cycle
will perform the refresh operation, this funciten is
most easily accomplished with “RAS - only” cycles,
RAS only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lcca specification.
HIDDEN REFRESH
An optional feature of the TMM41256P/T is that
refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at Vj_ and taking RAS high and after
a specified precharge period (tgrp), executing a
“RAS - only” refresh cycle, but with CAS held low

— A10 —



TMM41256P/T-12
TMM41256P/T-15

OUTLINE DRAWINGS

® Plastic DIP " Unit in mm

~0 u}
67MAY. |

19.9MAX 7.62+025
E
Z =
g 3
© /
4 — /]
z Y
g i1
oy U
05+015 2541025 _[] ozl
T T
141015 ' 0 15
Note : Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with

respect to No. 1 and No. 16 leads. All dimensions are in millimeters.

® Plastic LCC 1326~ 1351 | Unit in mm
L 1237-1252
6 15 14 13 12
| I B jn |
r N
17[] n
INDEX DOT

"1 18
1
2[

[

I

]

]
5.72~6.86

8.05~8.31
7.20~7.44
@
i
t
J
(3]

T 09Typ
3.56MAX.

0.33~0.53 '

-

10.25~11.86

Note : Each lead pitch is 1.27mm.
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TMM41256P/T-12

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves
the right, at any time without noitce, to change said circuitry.

© May, 1986 Toshiba Corporation
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 TOSHIBA MOS MEMORY PRODUCT

TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

DESCRIPTION

The TMM41256AP/AT/AZ is the N-channel dynamic RAM organized 262,144 words by 1 bit.
Multiplexed address inputs permit the TMM41256AP/AT/AZ to be packaged in a standard 16

pin plastic DIP, 18 pin PLCC and 16 pin ZIP.

The package size provides high system bit

densities and is compatible with widely available automated testing and insertion equip-
ment. The double layered MOS technology with polycide and poly Si permits the TMM41256AP/

AT/AZ high speed operation.

dissipation.

FEATURES

Also, the advanced circuit techniques have-realized low power

System oriented features include single power supply of 5Vt107% tolerance,
direct interfacing capability with high performance logic families such as schottky TTL.
In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available.
Another special feature of TMM41256AP/AT/AZ is page mode, allowing the user to access at
a high data rate.

- 262,144 words by 1 bit organization
» Fast access time and cycle time

TMM41256AP/AT/AZ-10/-12/-15
RAS Access Time 100ns/120ns/150ns
CAS Access Time 50ns/ 60ns/ 75ns
Cycle Time 190ns/220ns/260ns

« Single power supply of 5Vx107% with a built-

in VBB generator

* Low Power:

440ml? MAX.

385w MAX. Operating (TMM41256AP/AT/AZ-12)
330mY MAX. Operating (TMM41256AP/AT/AZ-15)
28ml MAX. Standby

PIit COMNECTION
* Plastic LCC

(TOP VIEW)
* Plastic Z1P

Operating (TMM41256AP/AT/AZ-10)

* Plastic DIP

(=
=]

cas ] BBEBR ) “BEﬁ

Vss 11 0P A7 WRITE[7] l's_“‘r%

aslh |o 9P Voo a0[3]

DinR) 54564 OfA2 Al T o]~z
oo a7 [1g H5V0C
élﬁz““ A B B,

PIN WAMES

A0 v A8 Address Inputs

CAS Column Address Strobe

DIN Data In

Dour Data Out

RAS Row Address Strobe
WRITE Read/Write Input

Vee Power (+5V)

Vss Ground

* Qutput unlatched at cycle end allows
two-dimensional chip selection

+ Common I/0 capability using "EARLY
WRITE" operation

+ Read-Modify-Write, CAS before RAS
refresh, RAS-only refresh, Hidden
refresh, and Page Mode capability

* All inputs and output TTL compatible

» 256 refresh cycles/4ms

* Package
Plastic DIP : TMM41256AP
Plastic Leaded Chip Carrier: TMM41256AT
Plastic ZIP : TMM41256AZ

5LOCK DIAGRAHM

Din Doyt

Vee Vss b ?
T T DATA Iﬁ‘] IDATA ouT l

BUFFER BUFFER

I L]

COLUMN
COLUMN
ADDRESS 5
BUFFERS(9) ~—/| DECODER
1)
SENSE AMP
1,/0 GATING
1024
ROW MEMORY
ADDHESS
BUFFERS(9) ARRAY
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TMMA41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage Vin, Vout =17 v
Power Supply Voltage Vee =17 v
Operating Temperature ToPR 070 °C
Storage Temperature TSTG -55150 °C 1
Soldering Temperature « Time TSOLDER 260 * 10 °C . sec
Power Dissipation Pp 600 mW
Short Circuit Output Current IouT 50 mA
RECOMMENDED DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. | TYP. MAX. UNITS | NOTES
vee Supply Voltage 4.5 5.0 5.5 \
VIH Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 v
DC ELECTRICAL CHARACTERISTICS (vgc =5v£10%, Ta=0 ~70°C)
SYMBOL PARAMETER ‘MIN JMAX. UNITSR\’OTES‘
OPERATING CURRENT - 80 mA
Iccl |Average Power Supply Operating Current - | 72 mA | 3,%
(R3S, C3S Cycling: tge=tgc MIV.) N 65 oA
STANDBY CURRENT
Icc2 |Power Supply Standby Current - 5| ma ,
(RAS=CAS=V1p) |
RAS ONLY REFRESH CURRENT TMMA1256AB/AT/AZ-10] - | 70 | ma }
Average Power Supply Current,
Ices RIS Only Refresh Mode TMM41256AB AT AZ-12( - | 62 | mA | 3
(RAS Cycling, CAS=Vyy: tpc=tgc MIN.) TMM41RSGAE/AT AZ-15| - | 55 | mA
PAGE MODE CURRENT TMM41R56AE AT/AZ-10[ - 60 mA
Iccs, |Average Power Supply Current, Page Mode |TMu41zs6AR/AT AZ-12| - 55| mA | 3,4
(RAS=V1p,, CAS Cycling: tpc=tpc MIN.) TMMa1256A/AT/AZ-15 - | 50 | mA
CiS BEFORE RAS REFRESH CURRENT mazsean an 3z-19 - | 70 | ma
Average Power Supply Current, }
Ices CAS Before RAS Refresh Mode TMMa1ZEEAD, AT AZ-12] - 62 mA I 3
(RAS, CAS Cvcling, CAS Before RAS:
tRc=trc MIN.) TVMA125€AT, AT AZ-15] — | 55 | ma
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input -10} 10 { uA
(OV £VN £6.5V, ALL Other Pins Not Under Test =0V)
I OUTPUT LEAKAGE CURRENT 10l 10
O(L) | (pyyy is disabled, OV £Voup £+5.5V) - ud
v OUTPUT LEVEL y v
CH Output "H" Level Voltage (IpouT =-5mA) i
VoL OUTPUT LEVEL
Output "L" Level Voltage (IouT =4.2mA) - |04 v
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TMM41256AP /|TMM41256AP/ [ TMM41256AP/
SYMBOL PARAMETER AT/AZ-10 |AT/AZ-12 AT/AZ-15 UNITSNOTES
MIN.| MAX. |MIN. | MAX. MIN,| MAX.

tRC |Random Read or Write Cycle Time | 190 - |220 - 1260 - ns

tRWC |Read-Write Cycle Time 200 - |240 - |265 - ns

tRMW |Read-Modify-Write Cvcle Time 220 - 260 - 310 - ns

tpc |Page Mode Cycle Time 100 - 120 - {145 - ns
tPRWC |[Page Mode Read-Write Cycle Time 110 - 140 - 170 - ns
tPRMY gsgieMggieRead—Nodify Write 130 _ 160 _ 195 B ns

tRAC |Access Time from RAS - 100 - 120 - ] 150 ns | 8,10
tcaCc [Access Time from CAS - 50 - 60 - 75 ns | 9,10}
tOFF |Output Buffer Turn-Off Delav 5 25 5 30 5 35 ns |11
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns |7
tpp |RAS Precharge Time 80 - 90 - 100 - ns

tras |RAS Pulse Width 100 10,000 [120 10,000(150 [10,000{ ns

trsH |RAS Hold Time 50 - 60 - 75 - ns

tcsH |CAS Hold Time 100 - |120 - {150 - ns

tcas |CAS Puls 50 10,000| 60 [10,000| 75 [10,000| ns
tReD |RAS to TAS Delav Time 25| 50 |25 60 (25 | 75 | ns |13
tecrp |CAS to RAS Precharge Time 10 - 10 - 10 - ns

tcpN {CAS Precharge Time 15 - 20 - 25 - ns

tcp (Page Mode CAS Precharge Time 40 - 50 - 60 - ns

tASR |Row Address Set-Up Time 0 - 0 - 0 - ns

tRAH |Row Address Hold Time 15 - 15 - 15 - ns

LASC |Column Address Set-Up Time 0 - 0 - 0 - ns

tcAH {Column Address Hold Time 20 - 25 - 30 - ns
e o < e | - o[- [

trcs |Read Command Set-Up Time 0 - 0 - 0 - ns

tRCH ?Eagxgommand Hold Time Reference 0 _ 0 _ .0 _ ns

tRRH Sza%xgommand Hold Time Reference 10 _ 15 _ 20 _ ne

tWCH |Write Command Hold Time 20 - 25 - 30 - ns
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- TMMA41256AP/AT/AZ-10, TMIVI41256AP/AT/AZ-12 o

~ TMM41256AP/AT/AZ-15

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TMM41526AP/|TMM&1526AP/ [ TMMA1526AP/
SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS|NOTES
MIN.] MAX. MIN. |MAX.MIN. | MAX.

tuer t;’zi%?S_Command Hold Time Reference) 70 _ 85 _ 105 _ ns
twp Write Command Pulse Width 20 - 25 - 30 - ns
trRWL |(Write Command to RAS Lead Time 25 _ 35 _ 45 _ ns
tewl |Write Command to CAS Lead Time 25 - 35 - 45 - ns
tps Data-In Set-Up Time 0 - 0 - 0 - ns 14
tDH Data-In Hold Time 20 - 25 - 30 - ns 14
tpHR It)zth—;n Hold Time Reference 70 _ 85 B 105 _ ns
tREF |Refresh Period - 4 - 4 - 4 | ms
tycs (Write Command Set-Up Time 0 - 0 - 0 - ns 15
tcyp |CAS to WRITE Delay 30 - 40 - 50 - ns 15
tRWwp |RAS to WRITE Delay 80 - 100 -] 125 - ns 15
tcsr  |CAS Set-Up Time (CAS before RAS) | 10 - 10 - 10 - ns
tcyr | CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
trpc |RAS Precharge to CAS Active Time 0 - 0 - 0 - ns
cor |G prerss Tve @ i o | s [ e < [
CAPACITANCE (Tcp=5V410%, f=1MHz, Ta=0 ~70°C)

SYMBOL PARAMETER MIN. | MAX. | UNITS

C11 Input Capacitance (Ag - Ag, DyN) - 5

C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF

Co Output Capacitance (Dqpr) ) - 7
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

NOTES:

1.

10.

11.

12.

13.

14.

15.

Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.

All voltages are referenced to Vgg.
Icc1, Icc3, Icc4s, Iccs depend on cycle rate.

Iccl, Iccs depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved. In case of using internal
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead
of 8 RAS cycles are required.

AC measurement assume tp=5ns.

Vig(min.) and Vi (max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Viy and Vyy.

Assumes that trep S trcp(max.). If tpep is greater than the maximum recommended
value shown in this table, tgac will increase by the amount that tgpcp exceeds
the valde shown.

Assume that tgrcp 2 trcp(max.)

Measured with a load equivalent to 2 TTL loads and 100pF.

torr(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either tgcy or tgpy must be satisfied for a read cycle.
Operation within the tRcp(max.) limit insures that tgpc(max.) can be met.
trep(max.) is specified as a reference point only: 1If tgcp is greater than the

specified tgep(max.) limit, then access time is controlled exclusively by tcac-

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-write or read-modifv-write cycles.

tycs, tcwp and tgryp are not restrictive operating parameters. They are included

in the data sheet as electrical characteristics onlv. If tygg 2 tycg(min.),

the cvcle is an early write cycle and the data out pin will remain open circuit
(high impedance) throughout the entire cycle; 1f teyp 2 teypémin.) and tryp 2 trRWD
(min.), the cycle is a read-write cvcle or read-modify-write cvcle and the data out
will contain dataread from the selected cell: If neither of the above sets of
conditions is satisfied, the condition of the data out (at access time) is indeter-
minate.
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~ TMM41256AP/AT/AZ-15

TIMING WAVEFORMS
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READ CYCLE tro
LRAS
e “:z : \ - / RP \——-
tcsH
YRCD RSH LCRP
R \\ “OA" / /
YL tASK RAH  [tasc | tcak
vowse V% 77Xt NN Soimems XTI
) tRes 'L :::H
N/ Y
LRAC LOFF
Dour ;Z}:‘ : OPHN j}vALID DATA}-————
Don't care
WRITE CYCLE (EARLY WRITE)
YKRC
tRAS
R — v\
tost
TheL LksH J toRp
TAS Ziz : \\ leag / /f
LASR YRAH tasC toaH
/). VST ) T W/////ﬁ////////@(
towy,
Lwes, LweH
Vig —
wrE T et W///W/W
t V1,
— RW1 -
tps thR
RN/ R Y,
IL
| i1
Dout LOH = L - OPEN
VoL —
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

READ-WRITE/READ-MODIFY-WRITE CYCLE

AC~A8

WRITE

Dout

DN

CRWC” URMW
LRAS

VIH — —ﬂ\ AR /

VIL — N \
YRSH =
tcsH

tRCD toas TCRP
VIH — R\,\\ Z/ /}
VIL —
tasgr, | {*raH, tacs tCAH I
ViL ADDRESS[ ADDRESS
CRWD tCWLJ
tres tcwp LRWL '

VIH — ééééééééééééé;a \ Z/

Vi — tCAC typ toFr

Vor — OPisN ———§ VALID DATA

VoL ™ tRAC
tpg TOH

VALID

=,

DATA

I,
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PAGE MODE READ CYCLE

AO~AB

Doyt

FRITE

= ‘:TMM41256AP/ATIAZ-10 TMM41256AP/AT/AZ gpf T
~ TMM41256AP/AT/AZ-15 ; t

trAS
Vig — ——:N TAR
vip — — trp
tcsH - IRSH
tpc t
tcrp CPN
| SRCD Tcp toas toas ’
v — N N N ‘ \
vVip, — TrAH
tcan TcaH N TCAH
Tasg | tasc tasgc ASC' -
v IDCEEX O WS S T,
ViL — DD X/ aDD ADD A D "
toac | [ tcac toac .
TRAC I [FoFF | ToFF OFF
VOH —_
o 3
Vo — VARID DATA TrCS VARID DATA
scs | trey |, ~-BSS_ varID DATA || “rcH
r' L

= — TR

<7

PAGE MODE WRITE CYCLE (EARLY WRITE)

4

f

AC~a3

WRITZ

N/

Don't care

tRAS
Vig — 7 t ‘
e -
tcrp tpc TRSH topN
. “ROD tcas }'t‘c—P-‘ tcas toas
- \ /N /N T\
:AH S e ) _,},‘_Cﬁ_ __.._ma_l
DN ///@C::)Q///// T
“wcz! IT%cu cu
tCWL l ::w* | i c:nw- I
S/ S T /////////////
we tg2 | Fr |
Lyifo):d ] o t_:_;qL
=T TIR B /w%fyﬁﬁﬂﬁiﬁﬁ X
' To53
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- TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

READ-WRITE/READ-MODIFY-WRITE CYCLE

-
Arrm
~207T

TRwCt oW
“RAS
Vig ———'\ CAR 4 /
Vi, — 1 t3o ——
tRSH h
“CSH
. - tcRP
“RCD Scas
Vig — \ / F
Tr;, — \ /
tASR TraY, ‘ascC CAH l
i — ROW CoLTMN 7
TrL — DDRESS ADDRESS
{
TRWD “CHL J
-
CR’CS | tcyD tawy
wRizz _7222212211115/1 / !
7L — I
toac too | caFF
—-——————-—-’ NE ——t———e
'4'\3:_". ——
. CEEN _g VALID DATA
oL — .
“RAC i

p]

IN

“ns

e LI

7ALID
DATA

XU

,/W/

/4 Don't care
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TMM41256AI‘/AT/AZ-IO TMM41256AP/AT/AZ 12
~ TMM41256AP/AT/AZ-15

RAS ONLY REFRESH CYCLE

tRC
trp
o o \
TCRP “RPC
= g N4
tASR TRAH
AO~A7 t” —/////mxow ADDRESS
1, —
Doyr ‘;j: : OPEN
Note: WRITE=Don't care, A8=Don't care 773 Don't care
CAS BEFORE RAS REFRESH CYCLE
tRC
tRp
_ Vo ————
RAS .jiz —_ trpC \ e /
tCPN
N2 —_— t T
=, __/to ———n
FF
- YoH — N

. OPEN
(S —
Note: WRITE=Don't care, A0 A8=Don't care

Don't care
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

HIDDEN REFRESH CYCLE (READ)

S =
R ) /
s T T

v —
Vin —
L TRAC L_‘OFF
I

Vo —

o 7] Don't care
HIDDEN REFRESH CYCLE (WRITE)
— Zi::‘—'ﬁ TAR )2 TRAS / tnp \_
g ey N 5
/. E8 Y N Y. l///////
== =
_ ltns tpy
ow Y T

] Don't care
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READ CYCLE

_
DouT

ITE

i

WRITE CYCLE

Dourt

FRITE

DrN
<

-
Doyt

WRITE

DINn

- t e N\
" :j\J, ‘—f:‘\ —
s

Voy — =
0d { VALID DATA
Vor — \

Vog —
VoL — t l

Vo —
"/.OL —

. Z/K/M/Z/W/ﬁm
T R

TCAC LoFF

trCs

e I Lo\ Y

OPEN st

CWL

twes TRWL

i R e,

tps *DH

RS/ s S,

READ-WRITE/READ-MODIFY-WRITE CYCLE

ALID DATA e

=TT

LN

ol

v///4 Don't care
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within
the TMM41256AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the
on-chip address latches by externally applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RKE), latches the 9 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 9 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed
internal clocks.

The two clock chains are linked together logically in such a way that the ad-
dress multiplexing operation is done outside of the critical path timing sequence
for read data access. The later events in the CAS clock sequence are inhibited
until the occurrence of a delayed signal derived from the RAS clock chain. This
"gated CAS" feature allows the CAS clock to be externally activated as soon as the
Row address Hold Time specification (tRAH) has been satisfied and the address inputs

have been chznged from Row address to Column address information.

DATA INPUT/QUTPUT

Data to be written into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its negative transition is the strobe for the Data In (Dyy) register.
This permits several options in the write cycle timing. In a write cycle, if the
WRITE input is brought low (active) prior to CAS, the Diy is strobed by TAS and the
set-up and hold times are referenced to CAS. 1If the input data is not available at
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made its megative transition. In this ''delayed
write cycle" the data input set-up and hold times are referenced to the negative
edge of WRITE rather than CAS. (To illustrate this feature, Dyy is referenced to
WRITE in the timing diagrams depicting the read-write and page mode write cycles
while the "early write" cycle diagram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active (low). Data read from the selected cell will be available at the output

within the specified access time.
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iﬂ:TMM41256AP/AT/AZ IO TMM41256AP/AT/AZ 12
- TMM41256AP/AT/AZ-15

DATA QUTPUT CONTROL

The normal condition of the Data Output (Dgyr) of the TMM41256AP/AT/AZ is the
high impedance (open circuit) state. This is to say, anytime CAS is at a high
level, the Doyt pin will be floating. The only time the output will turn on and
contain either 2 logic 0 or logic 1 is at access time during a read cycle. Doyr
will remain valid form access time until CAS is taken back to the inactive (high

level) condition.

PAGE MODE

The "Page-Mode" feature of the TMM41256AP/AT/AZ allows for successive memory
operations at multiple column locations of the same row address with increased
speed without an increase in power. This is done by strobing the row address into
the chip and maintaining the RAS signal at a logic 0 throughout all successive memory
cycles in which the row address is common. This 'Page Moae" of operation will not
dissipate the power associated with the negative going edge of RAS. Also, the time
required for strobing in a new row address is eliminated, thereby decréasing the

access and cycle times.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory
cycle at each of the 256 row address (A0 A7) within each 4 millisecond time inter-
val. Although any normal memory cycle will perform the refresh operation, this
function is most easily accomplished with "RAS-only" cycles, RAS only refresh
results in a substantial reduction in operating power. This reduction in power is

reflected in the Igg3 specification.
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TMM41256AP/AT/AZ offers an
alternate refresh method. 1If CAS is held on low for the specified period (tesr)
before RAS goes to low, on chip refresh control clock generators and the refresh
address counter are enabled, and an internal refresh operation takes place.
After the refresh operation is performed, the refresh address counter is automat-

ically incremented in preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

 An optional feature of the TMM41256AP/AT/AZ is that refresh cycles may be
performed while maintaining valid data at the output pin. This is referred to
as Hidden Refresh. Hidden Refresh is performed by holding CAS at Vip and taking
RAS high and after a specified precharge period (tgp), executing a CAS before

RAS refresh cycle. (see Figure below)

MEMORY CYCLEL REFRESH CYCLE REFRESH CYCLE

7

=
=
{90

|

CAS ——\ /____
Dour — opm——( VALID DATA >——

This feature allows a refresh cycle to be "hidden'" among data cycles

without affecting the data availability.
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- TMM41256AP/AT/AZ-10, TMM41256AP/ATIAZ 12
~ TMM41256AP/AT/AZ-15

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM41256AP/AT/AZ can be tested by CAS
BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking
the internal counter address as row address and the input address as column
address.

The test is performed after a minimum of 8 CAS before RAS cycles as ini-

tialization cycles. The test procedure is as follows.

@ Write "0" into all the memory cells at normal write mode.

(2) Select une certain column address and read "0" out and write "1" in
each cell by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE
CYCLE). Repeat this operation 256 times.

@ Check "1" out of 256 bits at normal read mode, which was written at @

@ Using the same column as 32\, read "1" out and write "0" in each cell
performing CAS BEFORE RAS REFRESH COUNTER TEST.

Repeaf. this operation 256 times.

@ Check "0" out of 256 bits at normal read mode, which was written at @

@ Perform the above @ to @ the complement data.
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

QUTLINE DRAWINGS

*+ Plastic DIP

Unit in mm (inches)

16 °
N o O v T e e O v e O s O
e
O
N
5
e}
S LR R B S S
8
19.9(.783)MAX. | 7.62(:300)20.25(.010)
g ‘ =
g =
2 a
S o
n N \\
S —T /’/ \\
z " W
= 1 +0.1 (008) [ W
gL Y UWozsio10,
E— | l 0.5(.020)10.15(.006) 2.54(.100)+0.25(.010) ” ().4»0_05(_002)
o 1 T
1.4(.055)20.15(.006) 0~15°

Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of
their true longitudinal position with respect to No.l and No.16

leads. All dimensions are in millimeters.
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

* Plastic LCC

13.26(522)~13.51(.532) , Unit in mm (inches)

12.37(.487)~12.52(.493)

DI’ZIIJ'IDI'—I

INDEX DOT
18

O

W

l 5.72(,225)~6.86(‘270)J

8.05(.317)~18.31(.327)
7.20(.283)~7.44(.293)

LI UL

INDEX CORNER

0.66(.026)~0.81(.032)

)}

1.27(.050)TYP.

3.56(.140)MAX

0.33(.013)~0.53(.021)

0.9TYP.

10.85(427)~11.86(.467)

Note: Each lead pitch is 1.27mm. All dimensions are in millimeters.
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TMM41256AP/AT/AZ-10, TMM41256AP/AT/AZ-12
TMM41256AP/AT/AZ-15

Unit in mm (inches)

20.65(0.813) MAX
3.05(.120)MAX.

]

S T
I
; |
2 |
% = I
= !
2§ i
& | = .
gz | !
s 0° i
® i
1 L
' =
@
—
=y
1.27(.050) S
+0.25(.010) 0.45(.018)~0.75(.030)

A A A A A
(W VI Y

Note: ELach lead pitch is 1.27mm. All dimensions are in millimeters.

Note: Tcshiba does not assume any responsibility for use of any
circuitry described; no circuit patent licenses are implied,
and Toshiba reserves the right, at any time without notice,

to change said circuitry.
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 TOSHIBA M0S MEMORY PRODUCT

TMM41257P/T-12
TMM41257P/T-15

The TMM41257P/T is the N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed address inputs
permit the TMM41257P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip carrier. The
package size provides high system bit densities and is compatible with widely available automated testing and insertion
equipment. The double layered MOS technology with polycide and poly Si permits the TMM41257P/T high speed
operation. Also, the advanced circuit techniques have realized low power dissipation. System oriented features include
single power supply of 5V+10% tolerance, direct interfacing capability with high performance logic families such as
schottky TTL. In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. Another special
feature of TMM41257P/T is nibble mode, allowing the user to serially access 4 bits of data at a high data rate.

262,144 WORD X 1 BIT DYNAMIC RAM
SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS

FEATURES

® 262,144 words by 1 bit organization
® Fast access time and cycle time

® Low Power:
385mW MAX. Operating (TMM41257P/T-12)
330mW MAX. Operating (TMM41257P/T-15)
28mW MAX. Standby

TMM41257P/T-12 TMM41257P/T-15 e Output unlatched at cycle end allows two-
FAS Access Time 120ms T50ns dimensional chip selection
TAS Access Time Sons 75ns e Common [/O capability using “EARLY WRITE"
- operation
Cycle Time 220ns 260 . . v =— —_—
Niybme o ns ® Read-Modify-Write, CAS before RAS refresh, RAS-
Access Time 30ns 40ns only refresh, Hidden refresh, and Nibble Mode
Nibble Mode capability
Cycle Time 55ns 70ns ® All inputs and output TTL compatible
e 256 refresh cycles/4ms
o Single power supply of 5V+10% with a built-in © Package
Vg generator Plastic DIP :TMM41257P
Plastic Leaded Chip Carrier ‘TMM41257T
PIN CONNECTION (TOP VIEW)
® Plastic LCC o Plastic DIP BLOCK DIAGRAM DIN Dout
vee Vss ? 2
3 DATA IN DATA OUT
1~ asp Vss i BUFFER BUFFER
2 15 CAS  mETE L] YN r
3 143 Dout [
4 131 A6 5o No.2 CLOCK A8C. ABR Ty
5 121 A3 CAS GENERATOR < l ) NIBBLE
6 11 3 A4 ¥ SELECTOR
7 100 A5 >
COLUMN >
8 9 {J a7 _r'g_—v ADDRESS EWp, COLUMN
AD O BUFFERS (9) J ; DECODER
Al Op= ":>
SENSE AMP
A2 O REFRESH
PIN NAMES A3 Op CONTROLLER | /0 GATING
M
A0 ~ A8 Address Inputs A4 O» L] r‘u 1024
CAS Column Address Strobe A5 O REFRESH y Al
rsosl |18 COUNTER (8)
Din Data In 6 on
A7 «
D, Data Out ROW
~QuT ata v Asoﬂ ADDRESS ‘—ug'> 28 25 MEMORY
RAS Row Address Strobe | 9 BUFFERS (3) V]2 3256 ARRAY
WRITE Read/Write Input ) fa
] VCC_ Power (+5V) . RS No.1 CLOCK |— | T
Vss Ground GENERATOR ]




TMM41257P/T-12

TMM41257P/T-15

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage ViN VouT —-1~7 \ 1
Power S*ly Voltage Vi -1~7 v 1
Operating Temperature Toprr 0~70 °C 1
Storage Temperature TsTG -55~150 °C 1
Soldering Temperature + Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Pp 600 mwW 1
Short Circuit Output Current louT 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vce | Supply Voltage 4.5 5.0 55 \ 2
VIH Input High Voltage 24 6.5 Vv 2
ViL | Input Low Voltage -1.0 08 v 2
DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)
SYMBOL PARAMETER MIN. MAX. UNITS NOTES
OPERATING CURRENT TMM41257P/T-12 - 70
Icct Average Power Supply Operating Current mA 3,4
(RAS, CAS Cycling: tRg=tRrg MIN.) TMM41257P/T-15 60
STANDBY CURRENT
lcc2 Power Supply Standby Current - 5 mA
(RAS=CAS=V|H)
RAS ONLY REFRESH CURRENT TMM41257P/T-12 60
lcca Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS=V|H: tgc=trc MIN)) TMM41257P/T-15 - 50
NIBBLE MODE CURRENT TMM41257P/T-12 40
lcca Average Power Supply Current, Nibble Mode mA 3,4
(RAS=V|_, CAS Cycling: tyc=tNG MIN) TMM41257P/T-15 - 30
CAS BEFORE RAS REFRESH CURRENT TMM41257P/T-12 - 60
lccs Average Power Supply Current, CAS Before RAS Mode mA 3
(RAS Cycling, CAS Before RAS: tgc=trc MIN) TMM41257P/T-15 - 50
INPUT LEAKAGE CURRENT
L) Input Leakage Current, any input -10 10 pA
(0V§V|N§6.5V, All Other Pins Not Under Test=0V)
| OUTPUT LEAKAGE CURRENT 10 10
o) {DouT is disabled, OVEVo TS +5.5V) KA
OUTPUT LEVEL
VoH Output “H" Level Voltage (IoyT=—5mA) 24 v
OUTPUT LEVEL
VoL Qutput “L” Level Voltage (IoyT=4.2mA) 04 v
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ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vee=5V+10%, Ta=0~70°C) (Notes 65, 6, 7)

TMM41257P/T-12 | TMM41257P/T-15
SYMBOL PARAMETER UNITS | NOTES
MIN. MAX. MIN. MAX.
the Random Read or Write Cycle Time 220 - 260 — ns
thwe Read-Write Cycle Time 240 — 285 — ns
taMw Read-Modify-Wnite Cycle Time 260 - 310 —_ ns
tRac Access Time from RAS — 120 | — 150 ns 8,10
tcaC Access Time from CAS — 60 — 75 ns 9,10
toFF Output Buffer Turn-Off Delay 5 30 5 35 ns 11
tr Transiton Time (Rise and Fall} 3 50 3 50 ns 7
thp RAS Precharge Time 90 — 100 — ns
taas RAS Pulse Width 120 {10,000 150 | 10,000 ns
tHsH RAS Hold Time 60 — 75 — ns
tesH CAS Hold Time 120 — 150 — ns
tcas CAS Pulse Width v 60 | 10,000 75 | 10,000 ns
heo RAS to CAS Delay Time 25 60 25 75 ns 13
tcrp CAS to RAS Precharge Time 10 — 10 — ns
tepn CAS Precharge Time 20 — 25 — ns
task Row Address Set-Up Time [0} — [0} — ns
tRAH Row Address Hold Time ‘ 15 — 15 — ns
tasc Column Address Set-Up Time 0] — 0] — ns
tcAH Column Address Hold Time 25 — 30 — ns
AR Column Address Hold Time Reference to RAS 86 — 105 — ns
thes Read Command Set-Up Time 0 — (¢} — ns
tRCH Read Command Hold Time Reference to CAS ] — (0] — ns 12
tRAM Read Command Hold Time Reference to RAS 15 — 20 — ns 12
TWCH Write Command Hold Time 25 — 30 - ns
twer Write Command Hold Time Reference to RAS 85 — 105 — ns
twe Write Command Pulse Width 25 — 30 — ns
TRWL Write Command to RAS Lead Time 35 . 45 — ns
towt Write Command to CAS Lead Time . 35 — 45 — ns
t0s Data-In Set-Up Time 0 — 0 — ns 14
toH Data-In Hold Time 25 — 30 — ns 14
OHR Data-In Hold Time Reference to RAS 85 — 106 - ns
tREF Refresh Period — 4 — 4 ms
twes Write Command Set-Up Time 0 — 0 — ns 15
tcwo CAS to WRITE Delay 40 — -~ 50 — ns 15
tRWD RAS to WRITE Delay 100 — 125 - ns 15
tesh CAS Set-Up Time (CAS before RAS) 10 — 10 — ns
tcHA CAS Hold Time {CAS before RAS) 30 — 30 — ns
thec RAS Precharge to CAS Active Time 0 — 0 — ns
tepr CAS Precharge Time (CAS before RAS Counter Test) 50 — 60 — ns
NG Nibble Mode Cycle Time 55 - 70 — ns
Nibble Mode Read-Write/
INRWC o ) 85 — 105 — ns
Read-Modify-Write Cycle Time
tNCAC Nibble Mode Access Time - 30 — 40 ns 10
NCAS Nibble Mode Pulse Width 30 — 40 — ns |
tNeP Nibble Mode CAS Precharge Time 15 — 20 — ns
INRASH Nibble Mode RAS Hold Time (Read) 25 - 30 — ns
INWRSH Nibble Mode RAS Hold Time {Write) 45 — 50 — ns
tNewd Nibble Mode CAS to WRITE Delay Time 30 — 40 — ns
tNCWL Nibble Mode WRITE Command to CAS Read Time 25 — 30 — ns
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CAPACITANCE (Vcc=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNITS
Cn Input Capacitance (Ag~Ag, D|N) - 5 pF
Ci2 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (Doyr) - 7 pF

NOTES:

o M DN

o

10.
11.

12.

13.

14.

15.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.
Icc1, Icea, Icca, Iccs depend on cycle rate.
IcC1, ICCc4 depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT=>5ns.

VIH(min.) and Vi_(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|H and V|L.

Assumes that tRcD=trcD (max.). If tRCD is greater than the maximum recommended value
shown in this table, tRAC will increase by the amount that tRCD exceeds the value shown.

Assumes that tRCD=tRCD (max.).
Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF(max.) defines the time at which the output achieves the open circuit condition and is
not referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

Operation within the tRCD(méx.) limit insures that tRac(max) can be met. tRcp(max) is
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit,
then access time is controlled exclusively by tcac.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in read-write or read-modify-write cycles.

twCs, tCwD and tRwWD are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcs=twcs(min.), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; If tcwp=tcwbp(min.) and tRwD=tRWD(min.), the cycle is a read-write cycle or read-
modify-write cycle and the data out will contain data read from the selected cell: If neither of
the above sets of conditions is satisfied, the condition of the data out (at access time) is
indeterminate.
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WRITE z:r : < cac . :W
Dout zgf i OPEN § VALID DATA;——_‘
® WRITE CYCLE (EARLY WRITE) R
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L _WCR . L >
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

AO~A8

WRITE

Dout

DiN

VIH
ViL

ViH
ViL

ViH
ViL
ViH

ViL

VoH

VoL

VIH
ViL

- TN (-

_ IASR tRAH r\ \; ‘ ‘ //7

N S /) S /)
Motmes 100 L RWDlcwo <TFi:\;vWLLA

: W/W 'CAC \~ - / ol 1 OFF

— W

-

i,

s X,
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o NIBBLE MODE READ CYCLE

D
>
[7:

l

O
>
(7]

A0~A8

Dout

WRITE

VIH
ViL

Viy

ViL

VIH
ViL

Vo
VoL

VIH
ViL

TMM41257P/T-12
TMM41257P/T-15

RP

\

RAS
AR =
N, i
csh » INC INRRSH
: tRoo _  ['Cas > >
ASR EAH R -F__-‘\’ 2,_\ / '\'_/—F
> he ~Jrcan [NCP| incas
TR MR | T

/.

CAC 'oFF Incac | loFF i
'RAC ——
. OPEN VALID VALID /VALD\ /VALID
DATA DATA \ DATA / \oATa A~
'RCS RRH

e NIBBLE MODE WRITE CYCLE

DIN

Dout

ViH
ViL

VIH
ViL

ViH
ViL

ViH
ViL

VIH
ViL

VOH
VoL

Don't Care

/i,

W/

tWCH
j——

e

"

wp

towl.

W

VALID
DATA

P RAS RP
‘AR
1
- csH - INC INWRSH
__ rch _ |lcas | |- > >
IRAH S z 4 / \ /
SR 'ASC CAn | |INCP[ [ _|INCAS
- ROW 4 coL ///
— ADD ADD
' ___WCR
~wes weH || wes _RWL

i

VALID
DATA

VALID

DATA

B/

VALID
DATA

XU

)

DS

‘JL‘E*L

IDHR

Ds

Ten

OPEN
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e NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE

tRAS tRp
Vip — _1\4 AR o
RAS ~
/R \
'csH -
> INWRSH
'RCD cas < -
—— V ——
CAS 'H i
it — RAH \..
o tAsc tcan | [P [incag
Viy — % ROW coL
AD~AB
VIL — ADD ] ADD
lcwD  towL INCWL
) - > INCWL
RWD »| twp tNCWQ wp — tRWL
. -<
e Y I\
WRITE | ‘
ps 1] bu 'ps tDH
onN VIR — VALID VALID / VALID / VALID /
ViL DATA DATA X // DATA 1 /// DATA %
: 1
Icac 'DFI:)‘_INCAC
——— lat -——
tRAC

bour VoH — ) 7£ VALD VALID VALID VALID |
VoL 4 DaTA DATA DATA DATA

Don't Care
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¢ RAS ONLY REFRESH CYCLE

N WP :
v — - tRAS . —
" o — 'CRP, \ Ll 1 RPC
v J A
= w = U
'ASR -l la ‘RAH;
foha \\//:T _ .W{Rowwmess-
Dout \\//ZH : OPEN
' Note: WRITE =Don't Care, A8=Don't Care
Don't Care
e CAS BEFORE RAS CYCLE
< RC
R RP - RAS -
mAs \\:IIS :J‘L lRPC 2
ICPN ICSR ICHR
o VIH — -
= Vi,
[
VOH — —‘
Dout Vo — i OPEN
Note: WRITE =Don't Care, AO~A8=Don't Care Don't Care
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o HIDDEN REFRESH CYCLE (READ)

|

D]
P
w

AD~A8

WRITE

Dout

ViH

ViL

VIH
Vi

ViH
ViL

VIH
ViL

VOH
VoL

e HIDDEN REFRESH CYCLE (WRITE)

D
>
7]

O
>
(2]

AO0~A8

WRITE

DN

Dour

VIH
ViL

ViH
ViL

Vin
ViL

VIH
ViL

Vin
Vie

VoH
VoL

— A-42 —

B tRC e 'RC »
< 'RAS > e 1RAS . oRP
1 < ‘vAR - 4__;‘ 'F\-
—‘ IRCD o [ IRSH :— -‘ chR -
| \< ICAS ) ;
1ASR F&\H s __|cAH
o] Hmmmmmmmm
I tgcsl Ul I/‘RHH
L . tcAc: W / M= L %//// Z
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Don't Care
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X N \
RCD ‘RSH ’ {CHR
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o CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

TMM41257P/T-12
TMM41257P/T-15

_ IRAS P
s \\,)H _ _.._,h < 'RSH z\_
L —
'CSR ICHR . @ (CPT oas —]
= W " VT
tASC :‘CAH=
N L e
READ CYCLE cac tOEJ
[ Dourt (,%T: s 17 VALID DATA 3 .
L »
% = T
) WRITE CYCLE
[ oour \\l,%*: T open| | —
- fwcs‘r WCH v
o - || (Ea
=M B DI I
READ-WRlTE/REAp-MODlFY-WRITE CYCLE
< [CAC 'QFF
Dout \(,%i : / VALID DATA >—————
thes o | | lowp :CWtLRWL ‘
t
D N\ e
' DS |y ;DH'
Dipy Vi — [~ vALID
Vi DATA
§
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APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41257P/T are
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally
applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The
second clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by
different delayed internal clocks.

The two clock chains are linked together logically in such a way that the address multiplexing
operation is done outside of the critical path timing sequence for read data access. The later events in
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS
clock chain. This “gated CAS ” feature allows the CAS clock to be externally activated as soon as the
Row address Hold Time specification (tRAH) has been satisfied and the address inputs have been
changed from Row address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by a combination of
WRITE and CAS while RAS is active. The later of the signals (WRITE or CAS) to make
its negative transition is the strobe for the Data In (DjN) register. This permits several options in the
write cycle timing. In a write cycle, if the WRITE input is brought low (active) prior to CAS, the D|N is
strobed by CAS and the set-up and hold times are referenced to CAS. If the input data is not available
at CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal will be delayed
until after CAS has made its negative transition.. In this “delayed write cycle” the data input set-up and
hold times are referenced to the negative edge of WRITE rather than CAS. (To illustrate this feature,
DIN is referenced to WRITE in the timing diagrams depicting the read-write and nibble mode write
cycles while the “early write” cycle diagram shows DN referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the
selected cell will be available at the output within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (DOUT) of the TMM41257P/T is the high impedance (open
circuit) state. This is to say, anytime CAS is at a high level, the DoyT pin will be floating. The only time
the output will turn on and contain either a logic O or logic 1 is at access time during a read cycle.
Doyt will remain valid from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is
accessed in the usual manner with read data coming out at tCcAC time. By keeping RAS low, CAS can
be cycled up and then down, to read or write the next three pages at a high data rate (faster than
tcAc). Row and column addresses need only be supplied for the first access of the cycles. From then
on, the falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will
be the same as the first bit accessed (wrap-around method).

l—» 00 — O — (1L0) —p (L1 —I

Pin one (Ag) determines the starting point of the circular 4 bits nibble. Row Ag and column Ag provide
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary
fashion; 00 - 01 — 10 —» 11 with Ag row being the least significant address.

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads and writes or late
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256
row address (Ag~A7) within each 4 millisecond time interva!. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS
only refresh results is a substantial reduction in operating power This reduction in power is reflected in
the Icc3 specification.
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TMM41257P/T offers an alternate refresh method. If
CAS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock
generators and the refresh address counter are enabled, and an internal refresh operation takes place.
After the refresh operation is performed, the refresh address counter is automatically incremented in
preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by

holding CAS CAS at V| and taking RAS high and after a specified precharge period (tRp) executing a CAS
before RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

< fo )

i e V2 UV
— jus
— M—

DouT— OPEN

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data
availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

TMM41257P/T-12
TMM41257P/T-15

The internal refresh operation of TMM41257P/T can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as
row address and the input address as column address.

The test is performed after a minimum of 8 CAS before RAS cycles as intialization cycles. The test

procedure is as follows.

M

()

4)

Write “0” into all the memory cells at
normal write mode.

Select one certain column address and
read “0” out and write “1” in each cell by
performing CAS BEFORE RAS REFRESH
COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 256 times.

Check “1” out of 256 bits at normal read
mode, which was written at (2).

Using the same column as (2), read “1”
out and write “0” in each cell performing
CAS BEFORE RAS REFRESH COUNTER
TEST. Repeat this operation 256 times.

Check “0” out of 256 bits at normal read
mode, which was written at (4).

Perform the above (1) to (5) with the
complement data.
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OUTLINE DRAWINGS
e Plastic Dip ‘ Unit in mm (inches)

16 15 14 13

\ +
lA R1.0 (039)

>

6.7(.264)MAX.

19.9(.783)MAX. 7.62(.300)+£0.25(.010)
> 8 8 4 .
IM vrrz °
8
; o
;5¢ o 5
go
a8 245
\ = :
= i 0A25(.o10)‘:g:(‘)5((-_gg‘,“))
8° . 0.5(.020)+0.15(.006) |7,62 (.300) ~8.80(.346)
0.2(.008)MAX. —_—
1.4(.055)10.15(.006) -
2.54(.100)%0.25(.010) > <
Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal
position with respect to No.1 and No.16 leads.
Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to
change said circuitry.
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Unit in mm (inches)

5.72(.225)~6.86(.270)

e Plastic LCC
P 13.26(.522)~13.51(.532) \
12.37(.487)~12.52(.493)
r y o W o I8 o Y s O o |
_ .y 16 15 14 13 12
5 2
] 8 17 1 J
= e INDEX DOT
2 a ; 18 o|]
1
i 0g °|p
a = .
2 2 s(f
o Y 3 4 5 6 7
Z S s s iy gy

0.66(.026)~0.81(.032)
INDEX CORNER

>
g Y
[=)
A
g
aY N\
' Io‘33(.o13)~o‘53(.021)
~ 10.85(.427)~11.86(.467) _
L >l
o
£
o
w
o
e
N
] Q

1.27(.050)TYP.
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TOSHIBA MOS MEMORY PRODUCT

L o X 1 BIT DYNAMC RAM TMIM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12
N-CHANNEL SILICON GATE CMOS TMM41257AP/AT/AZ-15

*This is advanced information and specifications are subject to
change without notice.

DESCRIPTION

The TMM41257AP/AT/AZ is an N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed
address inputs permit the TMM41257AP/AT/AZ to be packaged in a standard 16 pin plastic DIP, 18 pin PLCC and
16 pin ZIP. The package size allows for high system bit densities and is compatible with widely available automated
testing and insertion equipment. The double layered MOS technology with polycide and poly Si permits the
TMM41257AP/AT/AZ high speed operation. Also, the advanced circuit techniques have achieved low power
dissipation. System oriented features include single power supply of 5V£10% tolerance, direct interfacing capability
with high performance logic families such as schottky TTL. In addition to the RASonly refresh mode, a CASbefore-
RAS automatic refresh is available. Another special feature of the TMM41257AP/AT/AZ is nibble mode which allows
the user to serially access 4 bits of data at a high data rate.

FEATURES
* 262,144 words by 1 bit organization * Output unlatched at cycle end al-
+ Fast access time and cycle time lows two-dimensional chip selec-
TMW41257AP/AT/AZ-10/-12/-15]  c1°0 1/0 bility usi
RAS Access Time 100ns/120ns/150ns "EUAKIIKII?; WRITE?'pa 1 lt}', using
CAS Access Time 50ns/ 60ns/ 75ns . operat_on ==
Cycle Time 190ns/2300s/2600s * Read-Modify-Write, CAS before:. RAS
Nibble Mode Access Time 25ns/ 30ns/ 40ns regresﬁ, RAi-;r}%glreﬁrzsh, ng‘.iin
Nibble Mode Cycle Time 50ns/ 60ns/ 70ns ;iyres » and habble Hode capabli-
* Single power supply of 5V+10%Z with a built-in Vgg * All inputs and output TTL com-
generator patible
+ Low Power: * 256 refresh cycles/4ms
440mi7 MAX. Operating (TMM41257AP/AT/AZ-10) * Package
396mW MAX. Operating (TMM41257AP/AT/AZ-12) Plastic DIP : TMM41257AP
358mW MAX. Operating (TMM41257AP/AT/AZ-15) Plastic Leaded
28mW MAX. Standby Chip Carrier : TMM41257AT
PIN CONNECTION (TOP VIEW) Plastic ZIP ¢ TMM41257AZ
+ Plastic LCC - Plastic ZIP - Plastic pIp  BLOCK DIAGVRAMV D”‘ D°’”
[ cC Ss
? T LDATA N l lDATA ouT
BUFFER BUFFER
WRITE
ABC,ASR
GRS O—~{ g ZnERATOR NIBBLE
SELECTOR
COLUMN (coLumy
A0 O~ BUFFERS (9) >~ prcover ¢
O
PIN NAMES :;o—- BENSE MIP
A0 v A8 Address Inputs A3 O SoNTRoLLER
Cas Column Address Strobe ;;ZZ REFRESH 1024
DIN Data In A6 O
DOUT Data Out :;g: EggRESS A g% 256 UEMORY
RAS Row Address Strobe £ /| BUFFERS(9) - ARRAY
WRITE Read/Write Input Nod CLOCK
Vee Power (+5V) RS OENERATOR
Vss Ground
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- TMM41257AP/AT/AZ-10, TIVIIVI41257AP/AT/AZ-12
TMM41257AP/AT/AZ-15

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input and OGutput Voltage Vins Vour -1~7 \/ 1
Power Supply Voltage Vee -17n7 v 1
Operating Temperature Topr 070 °C 1
Storage Temperature TSTG -557 150 °C 1
Soldering Temperature * Time TSOLDER 260 - 10 °C . sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current Loyt 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0+~ 70°C)
SYMBOL PARAMETER MIN. TYP, MAX. {UNITS [NOTES
Vee Supply Voltage 4.5 5.0 5.5 \i 2
Viy Input High Voltage 2.4 - 6.5 \ 2
Vi1 Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vgg=5V+10%, Ta=0~ 70°C)
SYMBOL PARAMETER MIN, [MAX.|UNITS|NOTES
OPERATING CURRENT TMM41257AF/AT/AZ-10| - 80 |
Iccy | Average Power Supply Operating Current TMM41257AE/AT/AZ-12| — 72 | mA | 3,4
(RAS, CAS Cycling: tpg=tgrc MIN.) TMM41257AE /AT, /AZ-15| = 65
STANDBY CURRENT
Icco Power Supply Standby Current - 5 | mA
(RAS=CAS=V1p)
RAS ONLY REFRESH CURRENT TMMALRS7AE/AT/AZ-10| — 70
Average Power Supply Current, RAS Onl -
Iccs Refregh Mode PPLYy y TMM41257AB/AT/AZ-12| ~ 62 | mA |3
(RAS Cycling, CAS=VIH: tRc=trc MIN.) TMM41267AE/AT/AZ-15| — 55
. NIBBLE MODE CURRENT TUMA1R57AR/AT/AZ-10) = | 50
Iccs | Average Power Supply Current, Nibble Mode — (TMM4l257AR/AT/AZ-12| - 45 | mA | 3,4
(RAS=V71,, CAS Cycling: tyg=tyc MIN.) TMM41257AE /AT /AZ-15| ~ 40
CAS BEFORE RAS REFRESH CURRENT TMM41257AE/AT/AZ~10| ~ 70
Average Power Supply Current, CAS Before .
1ccs | RAS Refresh Mode (RES, CAS Cycling, [|DMMesS7AR/AT/Az-iz) - | 62 | mA |3
CAS Before RAS: tpc=tpc MIN.) TMMS12STAR/AT/AZ-15| = | 55
INPUT LEAKAGE CURRENT
Ir(r) | Input Leakage Current, any input =10y 10 | pA
(0V<Vyy 6.5V, All Other Pins Not Under Test = (V)
OUTPUT LEAKAGE CURRENT :
1o(L) | (Doyr is disabled, OV & Vqyr S +5.5V) -10| 10 | wA
OUTPUT LEVEL 2.4 - v
Vor | output "H" Level Voltage (IgyT = -5mA) :
v OUTPUT LEVEL 0.4 v
OL | output "L" Level Voltage (Igy =4.2mA) = :
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee=5V+10%, Ta=0~70°C)

(Notes 5, 6, 7)

TMM41257AP/| TMM41257AP/| TMM41257 AP/
SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15  |UNITS|NOTES
MIN. |MAX, [MIN. | MAX, | MIN, | MAX.

tre Random Read or Write Cycle Time 190 - 220 - 260 - ns
ERWC | Read-Write Cycle Time 200 - 240 - 285 - ns
trMw | Read-Modify-Write Cycle Time 220 - 260 - 310 - ns
tne Nibble Mode Cycle Time 50 - 60 - 70 - ns

o T _
ENRHC | voasp-irie. eete Tine S I S e
tRac | Access Time from RAS - 100 - 120 - 150 ns |8,10
tcac | Access Time from CAS - 50 - 60 - 75 ns |9,10
tycac | Nibble Mode Access Time - 25 - 30 - 40 ns |10
tOFF Output Buffer Turn-Off Delay 25 30 5 35 ns 11
tr Transition Time (Rise and Fall) 50 3 50 3 50 ns |7
trp RAS Precharge Time 80 - 90 - 100 - ns
tRAS | RAS Pulse Width 100 [0,000{120 }0,000{ 150 {10,000{ ns
trsy | RAS Hold Time 50 - 60 - 75 - ns
tcsH | TAS Hold Time 100 [ - [120 - |150 - ns
teas | CAS Pulse Width 50 00,000 60 [L0,000{ 75 |10,000{ ns
_EkCD RAS to CAS Delay Time 25 50 25 60 25 75 ns |13
tcrp | CAS to RAS Precharge Time 10 - 10 - 10 - ns
tcpN | CAS Precharge Time 15 - 20 - 25 - ns
tasr | Row Address Set-Up Time 0 - 0 - 0 - ns
tRAH Row Address Hold Time 15 - 15 - 15 - ns
tasc | Column Address Set-Up Time 0 - 0 - 0 - ns
toag | Column Address Hold Time 20 - 25 - 30 - ns
| o Redre g T o |- e |- fwr |- |
tRcS | Read Command. Set-Up Time 0 - 0 - 0 - ns
tRCH isagzgommand Hold Time Reference 0 _ 0 _ 0 _ ns |12
tRRH Re;ﬂ_gommand Hold Time Reference 10 _ 15 _ 20 _ ns |12

to RAS
twcH Write Command Hold Time 20 - 25 - 30 - ns
twer S;;%ggCommand Hold Time Reference 20 _ 85 _ 105 _ s
typ Write Command Pulse Width 20 - 25 - 30 - ns
tRWL | Write Command to RAS Lead Time 25 - 35 - 45 - ns
tewr | Write Command to CAS Lead Time 25 - 35 - 45 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TMM41527AP/ | TMM41527AP/| TMM41527AP/

SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS|NOTES
MIN.| MAX.| MIN.| MAX.| MIN.] MAX.

tps Data-In Set-Up Time 0 - 0 - 0 - ns |14
tpH | Data-In Hold Time 20| - 25| = 30 - {ns |14
tpHR | Data-In Hold Time Reference to RAS| 70 - 85 - 105 - ns
tREF | Refresh Period - 4 - 4 - 4 ms

tycs |[Write Command Set-Up Time 0 - 0 - 0 - ns 15
tcwp | CAS to WRITE Delay Time 30 - 40 - 50 - ns |15
tRWD |RAS to WRITE Delay Time 80 - 100 - 125 - ns |15
tNcAS | Nibble Mode TAS Pulse Width 25 - 30 - 40 - ns

tNcP | Nibble Mode TAS Precharge Time 15 - 20 - 20 - ns
tNRRSH| Nibble Mode RAS Hold Time (Read) 20 - 25 - 30 - ns
tNWRSH| Nibble Mode RAS Hold Time (Write) 40 - 45 - 50 - ns
tNCWD g:ji;l;le Mode CAS to WRITE Delay 25 _ 30 _ 40 _ ns
— E:I;Zl;ill::de WRITE Co@and to CAS 20 _ 25 - 30 - ns
tcsr | CAS Set-Up Time (TAS before RAS) 10 - 10 - 10 - ns
tcHR | CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
trpc | RAS Precharge to CAS Active Time 0 - 0 - 0 - ns
tepr CAS Precharge Time (CAS before 40 _ 50| - 60 _ ns

RAS Counter Test)

CAPACITANCE (V(g=5V+10%, f=1MHz, Ta=0" 70°C)

SYMBOL PARAMETER MIN. MAX. UNITS
Ci1 Input Capacitance (Ag™Ag, DN) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (Dgyr) - 7 pF
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NOTES:

10.

11.

12.

13.

14,

15.

Stresses greater than those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device.

All voltages are referenced to Vss.
Icclts Ice3s Iccss Iccs depend on cycle rate.

Iccl, Iccs depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200ps is required aftér power-up followed by any 8 TAS
cycles before proper device operation is achieved. In case of using internal
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead
of 8 RAS cycles are required.

AC measurements assume tT=5ns.

Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Viy and Vgp,.

Assumes that tgcp £ tpep(max.). If tpep is greater than “ie maximum recommended
value shown in this table, tgac will increase by the amount that trcD exceeds
the value shown.

Assumes that tgcep 2 trep(max.)
Measured with a load equivalent to 2 TTL loads and 100pF.

torr(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output vol:iage levels.

Either tpcyg or tgry must be satisfied for a read cycle.

Operation within the tprcp(max.) limit insures that tppc(max.) can be met.
tRcD(max.) is specified as a reference point only: If tpcp is greater than the
specified tgpecp(max.) limit, then access time is controlled exclusively by tcac.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-write or read-modify-write cycles.

twcss tcwp and tgyp are not restrictive operating parameters. They are in-
cluded in the data sheet as electrical characteristics only. If tycs Z “ycs
(min.), the cycle is an early write cycle and the data out pin will remain

open circuit (high impedance) throughout the entire cycle; If tcyp 2 tewp(min.)
and tpyp 2 tgyp(min.), the cycle is a read-write cycle or read-modify-write cycle
and the data out will contain data read from the selected cell: If neither of
the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.
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TIMING WAVEFORMS

READ CYCLE

trRC
TRAS '
s VIE — “““_"'GKS TAR ! Z7
VIL R —I o tRE \—_
tcsy
tRCD TRSH YCRP
— Vig — 3 \ tcas /
VIL — \;
TASR TRAH |tasc| ‘caH

e S T N
trRCS I"%

w7 e

traC ' toFF

v I
OH — OPEN

VALID DATA}——-
Vo, — N
m Don't care

Doyt

WRITE CYCLE (EARLY WRITE)

e N — A e N
W | N —
ro~ts ot 7N ot KR o] g@////////////@(
v twes . Ltw;c*i..
w35 = N =77
Vig — EE-:.WL?R = ‘]
v ZIIIIIR e 'W///// LIy,
Dogz :Zi : L OPEN ————— P771Don't care
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READ-WRITE/READ-MODIFY-WRITE CYCLE

o
5
&0

Ag~hg

WRITE

Doyt

Din

Viy

ViL

Vin
Viy

Vin
Vin

Vo
VoL

Vig
Vin

TRWC/ TRMW
TRAS
TAR ;
N ! /| N
I { tRP
TRSH |
tosH TCRP
‘rRCD tcas
=t
N /]
TASR TRAH e :
tasc tCcAH |
ROW COLUMN
LADDRESS_ ADDRESS /
I _“RWD Town | i
tRCs tcwp TRWL
i, \
tcac Twyp
OPEN VALID DATA
LRAC
tps TDH

Y,

o
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NIBBLE MODE READ CYCLE

— Vig —
RAS 1
Vi —
— Vg —
TS 18
Vi ™
v —
Ao~Ag 1H
Vipz —
Vo —
Doyt
Vor, —
WRITE 18
Vip —

. TRAH i, / ‘h/_\ /
6 //////////////////////7////// W
II_tRAC |Seac _I___ lEyTCAC L_tOFF
oo e e %‘:ﬁ’_ =
RCS tnch cRcs tRCH

Y,

WW/W

]<2222/

Don't care

- Vig—
S iH
Vie —
Vg —
CAS 1
vip —
v e
Ag~Ag 14
Vi —
WRITE 18
L —
V —
iH
DIn Vi1, —
Vo ——
Dour oH
VoL —

o m e
D e
DN
TN 2N E L

V77] Don't care
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NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE

v .
TS 1

Vip
. v
CAS IH

ViL
|

Vin
Ag~Ag

Vip
WRITE IH

’ Vio

Vin
Drn

ViL

Vou
DouTt

VoL

:: -—___n\ - tRP
- m\ A S
— TR IS iy

tcwnt

TRWD

1 |ENewL

[FNCWD
tWP ItWP
_ N ? \
Ips tpm tos

— [N

TA

TRAC

TNcAaC

k_-tCACAAJtOFB
i T

N\

T
NCWL

CRWI)

/
=X T E L

A~ VALID T

X DATA
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RAS ONLY REFRESH CYCLE

tRC

IRP
Vie = t
FAS ] \ RaS /
IL —
ToRP tRPC
- VIF —_—
CAS : / / !
v — L \
TASR YRAH .

o = T e e X TTTTTTTTIX

Vs .
Doyt CH OPEN
Vor —

T, e TIRT TRz ' = ' .
Note: WRITE=Don't care, A8=Don't care % Don't care

CAS BEFORE RAS REFRESH .CYCLE

tRC

TRP

R Vig — tRAS
RAS 1E N /
Vip — tRPC

tceN TCHR

w ms N i

TOFF
VOH — —————

Dout v >_____ OPEN
oL — E

Note: WRITE=Don't care, A0~ A8=Don't care

Don't care

— A-60 —



TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12
TMM41257AP/AT/AZ-15

HIDDEN REFRESH CYCLE (READ)

N S N X i
CAs Xiz : tasc \_L -cas Z
NN/ ) G ///////////////////f/////J/ v

| g
W LI e W////[// Y,
“rac | jrorr

V . — 3
OE ! VALID DATA
Vo, — h |

DouTt

Don't care
HIDDEN REFRESH CYCLE (WRITE)

ey w— | .
o= e /

W%ximmmﬁé%mmmMMM%%W
Wﬁﬁiﬂm%wfﬂZ%%%%WMWﬂ
,mzyiﬁ»i%;%%%MWﬁW%yﬂ/

/A Don't care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

mo T T t e
o e TN /- N—

AE I
vomse T A e
y%jf” . T ;

VoL —— -_pﬂ

o T ////////////////7/// e L
we "1E ////////////////////A I

Dy

~

—

Dout

WRIL

READ-WRITE/READ-MODIFY-WRITE CYCLE

<
&
=
=]
<)

i/ ////////////// ¢

S S,

VIL

L

o tReS tCWD ) %CW?—R;JL
v — LT NI

tDs

tDH

f—ei

ol Y

v — L7770

//ADon't care
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APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within
the TMM41257AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the
on-chip address latches by externally applying two negative going‘TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 9 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed inter-
nal clocks.

The two clock chains are linked together logically in such a way that the ad-
dress multiplexing operation is done outside of the critical path timing sequence
for read data access. The later events in the CAS clock sequence are inhibited
until the occurrence of a delayed signal derived from the RAS clock chain. This
"gated CAS" feature allows the CAS clock to be externally activated as soon as the
Row address Hold Time specification (tpay) has been satisfied and the address inputs

have been changed from Row address to Column address information.

DATA INPUT/CUTPUT

Data to be written into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its negative transition is the strohe for the Data In (DTy) register.
This permits several options in the write cycle timing. In a write cycle, if the
WRITE input is brought low (active) prior to CAS, the Dyy is strobed by CAS and the
set-up and hold times are referenced to CAS. If the input data is not available at
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made its negative transition. In this 'delayed
write cycle" the data input set-up and hold times are referenced to the negative edge
of WRITE rather than CAS. (To illustrate this feature, DIN is referenced to WRITE
in the timing diagrams depicting the read-write and nibble mode write cycles while
the "early write" cycle diagram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active (low). Data read from the selected cell will be avialable at the output

within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgyr) of the TMM41257AP/AT/AZ is .the
high impedance (open circuit) state. This is to say, anytime CAS is at a high
level, the Doy pin will be floating. The only time the output will turn on and
contain eitber a logic 0 or logic 1 is at access time during a read cycle. Doyr
will remain valid from access time until CAS is taken back to the inactive (high

level) condition.

NIBBLE MODE

Nibble mode operation-allowg faster successive data operation on 4 bits.
The first of 4 bits is accessed in the usual manner with read data coming out at
tcac time. By keeping RAS low, CAS can be cycled up and then down, to read or
write the next three pages at high data rate (faster than tcac). Row and column
addresses need only be supplied for the first access of tﬁe cycles. From then on,
the falling edge of TAS will activate the next bit. After four bits have been
agcessed, the next biﬁ will be the same as the first bit accessed (wrap-around

method) .

[ 1]

Pin one (Ag) determines the starting point of the circular 4 bits nibble. Row A§

and column Ag provide the two binary bits needed to select one of four bits.
- From then on, successive bits come out in a binary fashion; 00 - 01 » 10 -» 11
with Ag row being the least significant address.
A nibble cycle can be a read, write, or late write cycle. Any combinations
of reads and writes or late writes will be allowed. In addition, the circular

wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory
cycle at each of the 256 row address (Ag+vAy) within each 4 millisecond time inter-
val. Although any normal memory cycle will perform the refresh operation, this
function is most easily accomplished with "RAS-only" cycles, RAS only refresh
results in a substantial reduction in operating power. This reduction -in power

is reflected in the Igcy specificationm.

— AB4 —



TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12
TMM41257AP/AT/AZ-15

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TMM41257AP/AT/AZ offers an
alternate refresh method. If CAS is held on low for the specified period (tcgpr)
before RAS goes to low, on chip refresh control clock generators and the refresh
address counter are enabled, and an internal refresh operation takes place.

After the refresh operation is performed, the refresh address counter is automat-

ically incremented in preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TMM41257AP/AT/AZ is that refresh cycles may be
performed while maintaining valid data at the output pin. This is referred to
as Hidden Refresh. Hidden Refresh is performed by holding CAS at VL and taking
RAS high and after a specified precharge period (tRp), executing a CAS before

RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

-\ e
Doyr = — 0PEN-——<¥ VALID DATA >

g

|

O
|
w

This feature allows a refresh cycle to be "hidden" among data cycles

without affecting the data availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM41257AP/AT/AZ can be tested by CAS
BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking
the internal counter address as row address and the input address as column
address.

The test is performed after a minimum of 8 CAS before RAS cycles as ini-

tialization cycles. The test procedure is as follows.

C) Write "0" into all the memory cells at normal write mode.

() Select one certain column address and read "0" out and write "1" in
each cell by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-
WRITE CYCLE). Repeat this operation 256 times.

@ Check "1" out of 256 bits at normal read mode, which was written at (2).

C) Using the same column as (), read "1" out and write "0" in each cell
performing CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 256 times.

() Check "0" out of 256 bits at normal read mode, which was written at C).

C) Perform the above C) to C) the complement data.
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OUTLINE DRAWINGS

¢ Plastic DIP

Unit in mm

16 9
O oo r 1010

6 7MAX

IIIL_IL_II_ILJl:ILJlg

19.9MAX | 7.62 £0.25
| =
=]
» 2
g 3
o
3 J
Zrp————— 1
g 1"
o 11
g u 01
+
H 05+0.15 25440.25 Jl_"zf’—oos
M ¥ 1
143015 0~15°

Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of
their true longitudinal position with respect to No.l and No.16 leads.

All dimensions are in millimeters.
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* Plastic LCC

1326~1351 Unit in mm

1237 ~1252

A o;m e

\
a 3 INDEX DOT 1 \ o
R : !
49 O O ] g
[+] | w
1]
— 1
/

| g

INDEX CORNER

0.66 ~ 081

3.56MAX.

127TYP.

0.9TYP,

1085~1186

Note: Each lead pitch is 1.27mm. All dimensions are in millimeters.
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+ Plastic ZIP

Unit in mm

206 5MAX,

8.3 MAX
6.85MAX.

_ BOMIN,

i

1.27+0.25 0.45~0.75

A O O O T I
‘jgiz o LJ o - ;y

ad
H
3

Note: Each lead pitch is 1.27mm. All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any
circuitry described; no circuit patent licenses are implied,
and Toshiba reserves the right, at any time without notice,

to change said circuitry.
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" TOSHIBA MOS MEMORY PRODUCT

65,536 WORD X 4 BIT DYNAMIC RAM

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS

TMM41464P-12
TMM41464P-15

DESCRIPTION

The TMM41464P is the new generation dynamic
RAM organized 65,536 word by 4 bit, it is succes-
sor to the industry standard TMM4164AP.

The TMM41464P utilizes TOSHIBA’s N-channel/
Silicon gate process technology as well as advanced
circuit techniques to provide wide operating mar-
gins, both internally and to the system user.

Multiplexed address inputs permit the TMM

FEATURES

® 65,536 words by 4 bit organization
® Fast access Time and cycle time

DEVICE tRAC tcAC e )
TMM41464P-12 120ns 60ns 220ns
TMM41464P-15 150ns 75ns 260ns

® Single power supply of BV+10% with a built-in
VBB generator
® Low power:
385mW Operating (MAX.) (TMM41464-12)

PIN CONNECTION

OE(
101
1,020

WRITEQ
Ras(
a6

A5(

A4 (]

Vee(

©C T o0 BN -

PIN NAMES
Ao~A7 Address Inputs
CAS Column Address Strobe
1/01~1/0a Data Input/Output
RAS Row Address Strobe
WRITE Read/Write Input
OE Output Enable
Vee Power (+5V)
Vs | Ground

41464P to be packaged in a standard 18 pin plastic
DIP. This package size provides high system bit
densities and is compatible with widely available
automated testing and insertion equipment.

System oriented features include single power
supply of 5V+109% tolerance, direct interfacing
capability with high performance logic families such
as schottky TTL.

330mW Operating (MAX.) (TMM41464-15)
28mwW Standby (MAX.)

@ Industory standard 18 pin plastic DIP

@ Output unlatched at cycle end allows two-dimen-
sional chip selection

@ Read-Modify-Write, RAS only refresh,Hidden
refresh, CAS before RAS refresh, and Page Mode
capability.

o All inputs and outputs TTL compatible

® 256 refresh cycles/4ms

BLOCK DIAGRAM

/02 1,/04
101 13
VeeVss
T 4 4
DATA IN _
IBUFFER OE

J— No.2 CLOCK
CASO——‘{ GENERATOR
COLUMN A ?)Z‘égggﬁ
AC 8 )] ADDRESS 8
BUFFER (8) T
A1 o] SENSE AMP J
s EFRESH 1/0 GATE
o= ONTROLLER =
A3 O—= T
--266 -
ALO REFRESH s
A5 O—=f COUNTER(8),
3
A6 O—] R%“.KR | 5 MEMORY
A ESS 8 al.. ARRAY
A7 O— <
g | BUFFER(8) "1 8 1*P8] 2s6xz56x4
om —d
me
TES No.1 CLOCK
5 0© GENERATOR
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING | UNITS NOTES
Input and Output Voltage Vin, Vour -1~7 Y, 1
Power Supply Voltage Ve -1~7 V 1
Operating Temperature Torr 0~70 C 1
Storage Temperature Ts16 ~-55~150 C 1
Soldering Temperature-Time Tsouner 260-10 ‘C-sec 1
Power Dissipation : Py 600 mW 1
Short Circuit Output Current lour 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70C)

SYMBOL PARAMETER MIN. TYP MAX. UNITS NOTES
Vee Supply Voltage 4.5 5.0 5.5 \% 2
Vi Input High Voltage 2.4 - 6.5 \ 2
Vi Input Low Voltage -1.0 - 0.8 \Y 2

DC ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0~70C)

SYMBOL PARAMETER MIN. IMAX.| UNITS | NOTES

OPERATING CURRENT TMMA41464P-12 — 70

lect Averace Power Supply Operating Current mA 3.4
(RAS, CAS Cycling : tac=tec MIN ) TMM41464P-15 | — | 60
STANDBY CURRENT

lce2 Power Supply Standby Current — 5 mA
(RAS =CAS =Vu) ) .
RAS ONLY REFRESH CURRENT TMM41464P-12 | — | 60

leca Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS =Vin : tac=thc MIN.) TMM41464P-15 | — | 50
PAGE MODE CURRENT TMM41464P-12 — 60

lcca Average Power Supply Current, Page Mode mA 3.4
(RAS=Vi, CAS Cycling : tec=tpc MIN.) TMM41464P-15 1 — | 50
CAS BEFORE RAS REFRESH CURRENT TMM41464P-12 ¢ — | 60

lecs Average Power Supply Current, CAS Before RAS Mode mA 3
(RAS Cycling, CAS Before RAS : tac=tac MIN.) TMM41464P-15 | — | 50
INPUT LEAKAGE CURRENT

Jiy Input Leakage Current, any input (OV=Vin= 6.5V, All Other Pins Not Under Test | =101| 10 #A

' =0V)

| OUTPUT LEAKAGE CURRENT “10! 10 A

o (Dour is disabled, OV=Vour< +5.5V) #
OUTPUT LEVEL

Vo Output "H" Level Voltage {lour = — 5mA) 2.4 v
OUTPUT LEVEL

Vor Output "L" Level Voltage (lour =4.2mA) 0.4 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee=6V+10%, Ta=0~70C) (Notes 5, 6, 7)

SYMBOL PARAMETER TMM41464P-12 | TMMA1464P-18 | \j\irs | NoTEsS
MIN. MAX. MIN. MAX.

tRe Random Read or Write Cycle Time 220 - 260 — ns
tRMW Read-Modify-Write Cycle Time 295 —_ 355 - ns

tec Page Mode Cycle Time 120 — 145 — ns

tRAC Access Time from RAS — 120 — 150 ns 8,10
teac Access Time from CAS' — 60 | — 75 ns 9,10
toFF Output Buffer Turn-Off Delay ¢] 35 0 40 ns 11

tr Transition Time (Rise and Fall) 3 50 3 50 ns’ 7
trp RAS Precharge Time 90 - 100 - ns

tras RAS Pulse Width 120 | 10,000 150 | 10,000 ns

tASH RAS Hold Time 60 — 75 - ns

tcsH CAS Hold Time 120 — 150 — ns

tcas CAS Pulse Width 60 | 10,000 75 {10,000 ns

taco RAS to CAS Delay Time 25 60 25 75 ns 13
tcrp CAS to RAS Precharge Time 10 — 10 — ns

tepn CAS Precharge Time 20 - 25 — ns

tcp CAS Precharge Time (for Page Mode Cycle Only) 50 — 60 — ns

tAsR Row Address Set-Up Time 0 — 0 - ns

tRAH Row Address Hold Time 15 — 15 — ns

tasc Column Address Set-Up Time 0 — 0 — ns

tcaH Column Address Hold Time 25 — 35 — ns

taR Column Address Hold Time Reference to RAS 85 — 110 — ns

tres Read Command Set-Up Time 0 — 0] — ns

tRCH Read Command Hold Time Reference to CAS 0 — 0] — ns 12
tRRH Read Command Hold Time Reference to RAS 15 — 20 - ns 12
tweH Write Command Hold Time 35 — 45 — ns
twer Write Command Hold Time Reference to RAS 95 — 120 — ns

twp Write Command Pulse Width 35 — 45 — ns

WL Write Command to RAS Lead Time 35 — 45 — ns

towt Write Command to CAS Lead Time 35 — 45 — ns

tos Data-In Set-Up Time 0 — ¢} — ns 14
toH Data-In Hold Time 35 — 45 — ns 14
{OHR Data-In Hold Time Reference to RAS 95 — 120 — ns

tREF Refresh Period — 4 — 4 ms
twes Write Command Set-Up Time 0] — 0 — ns 15
tewn CAS to WRITE Delay 100 — 120 — ns 15
tRwD RAS to WRITE Delay 160 — 195 — ns 15
toea OE Access time — 30 — 40 ns

toeD OE to Data Delay 30 — 40 — ns

toEz Output Buffer Turn-Off Delay Time from OE 0 30 0 40 ns

toEH OE Command Hold Time 30 — 40 — ns
tROH RAS Hold Time Refereuco to OE 0 — 0 — ns

— A73 —




- TMM41464P-12
TMM41464P-15

| IMMa1464p.15

UNITS  NOTES

SYMBO[ ‘I PARAMETER

I il 4 M'N E...A.MAX L o

i tevan | (‘AS Hol(* Tnmo 10' (‘Ab B??oro RAS Refresh 30 ] - 30 ; ns ' !

x CAS Se1 Up llrnc for (,AS Beforo RAS Refresh JI 10 : - i 10 -~ ns

i Pre( harge to CAS /\clnve Time 0 L - i 0 - . ns

N . Sl S I N s i

| CAS Precharge Time for CAS Before RAS Counter ! i '
tcer | 50 ! - i 60 ns

l» o Test 1’ ! .

CAPACITANCE (V:.- BV+10%, t = IMHz, Ta=0~70C)

{ _SYMQOI_J T T T -TJA_R—A.I\ZE?E_R‘M”—___w I J “MIN‘ MAX” ‘ U-NI.T“S :
Cn J Inpm Capacnance (A\>~Az} ; 5 pE

Input_(apac:tanre (RA‘§ (‘AS WRITE, OF) . 7 pf

S RO § J A

i
S R [ e e - Cod e e
i
H
i
i

np I/Omput Capamtance (I>O 7 pF

NOTES:

1 Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device.

2 All voltages are refrenced to Vss.

3. lcer. lees, leea, lecs depend on cycle rate.

4 lcc1, lcca depend on output loading. Specified values are obtained with the output open.

5 An imitial pause of 200us 1s required after power-up followed by any 8 CAS cycles before proper device operation
is achieved. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initializaticn cycles instead
of 8 RAS cycle are required.

6. AC measurements assume tr =b5ns.

7 Vikimin.) and Vii(max.) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vin and V.

8. Assumes that taco=taco (max.). If taco is greater than-the maximum recommended value shown in this table, trac
will increase by the amount that trco exceeds' the value shown. '

J . Assumes that trcp Ztren (max. ).

10. Measured with a load equivalent to 2 TLL loads and 100pF.

11. torr {max.) defines the time at which tne output achieves the open circuit condition and is not referenced to output
voltage levels.

12. Either trew or trry must be satisfied for a read cycle.

13. Operation within the trcp (max.) limit insures that trac (max.) can be met.
treo (max.) is specified as a reference point only: If trep is greater than the specified taco (max.) limit, then access
time is controlled exclusively by tcac.

14. These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write
or read-modify-write cycles.

15. twes, tewp and trwn are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only. If twes=twes (min.), the cycle is an early write cycle and the input/output pin will remain open
circuits {high impedance) throughout the entire cycle; If tewnZtewn (min.) and trwn Ztawn(min.), the cycle is a read
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell.
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® READ CYCLE

TMM41464P-12
TMM41464P-15

___Vim— 5
RAS tAR z
ViL—

tcsH
LCRP tRCD tRsH

/

tcAH

VIH_ J
CAS . _ _/ \
tASR| |PRAH tasc

Vip—

R/, = ) S YIS
e M e

[ e
wereE 7///////ZI/J/] won || NI
oot [T
l = toac tOEZUEBﬂL
VoL— — {77} on' ¢ care
o WRITE CYCLE (EARLY WRITE) tro
= V1 i = : n ZI \___
L }‘r'C_RP; F—— : o tCPN
w [ | N [ \_
SR/ G ) S
=
werrs s, L= =TT 1T T
| o,
5 e LI T LT LT T 0T
%_ tps — LDy
1L/01~1/04 V]I:L"‘ %VALID DATA-IN OPEN 74 pon't caro
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® WRITE CYCLE (OE C

RAS

LCcRP

———

ONTROLLED WRITE)

LAR

\

Vig —
CAS " /
Vi — .

%

tRCD LRSH
1 \ t
T N
H ASC tc

~A"7

ASR| {'Ra
v
= ///////X FOW COLUMN
_ ADDRES ADDRESS
ViL

ST
towL

w2 = ==/ T 7T

" v LTI e

X

tpgl
_-I—).&'J UDhH

o v = I

WLz

© READ-WRITE/READ-MODIFY-WRITE CYCLE

/] bou't Care

LCRP
v
m —
Vip —_/
1 tASR| |t

LRMW
LRAS LRP
_\_L If’. ;;
tRCD tRS H LCEN
cas /
\) /N
tasc A

AAAAA

H
o — /e
ViL — ADDRESS,

//////////////// /// VLK

//////////f//»f
t S

\_—1///// /)
Saet X/
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® PAGE MODE READ CYCLE

TMM41464P-12
TMM41464P-15

TRAS IRP
T i
HAS Vi — — 5
tpe LRSH
LCRP| tRCD
H tcp LCPN
ViH ——] \ tCAsZ tcas tcas / \_
C
AS Vi — \C
tag [tcsH
O,
= E&\H tﬁcp- tCcAH tasc| | tcal tasc| |tcan
Vin — “RowW COLUMN COLUMN COLUMN / ZZ)(
AO~A7 L — ADD ADDRESS ADDRESS ADDRESS 4
| tres CRCH I tRCS | LRes tRCH
I !
v .
IH — 1§
WRITE /5“““517 Rcﬁ ‘ROH
Vi, — tRR}{p_‘_
T
v | 0E4 toRA . ‘oEA | |
N/ /X /) i
s, TN | T, W, / /
Vin 1 T mnds T
toac Lo ER teoac ftorg tcac LopE
t t t
RAC toR7 0EZ 0EZ
T
v _
Loi~L0s ° dVvaLp VALID ;____g VALID
Vo, — : \DATA-OUT ATA-QUT DATA—OUT
7/// pon't care
© PAGE MODE WRITE CYCLE 4
tRrAS t
RP
Vi — 3 t
LEE l\t AR
mo ] L
“pc YRSH
T
tcRP trCD ton CEN
v toas to — tcas
cEg —j K\ AS x Z / \
Vip . 1 =
tASR tosH .
] F‘CRAH tasc | te tasc| {tcal ASC| | tca
opy H T ROW [ coLumy CO LUMN COLUMN ////@(
AOSAT L — ADD ADDRESS ADDRESS | ADDRESS
town ) tewL | tewn
t
Vig — twp “wp t
5 27)77‘772;227/5 WP,
WRITE v, — \ 4 /J_
LorH YoEH  “OEH
v | 1 1 f .|
H —
o= XU/ N,
Vi T £ toED /
‘pg| [ tp tps|| 'pH tpsi [ tpH
v H ———/
VALLD VALID VALID /////
I01~L04 _M/// DATA-IN .| Z DATA-IN DATA-IN L
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RAS ONLY REFRESH CYCLE

N / \
/I G Y
Notes: WRITE, OE=Don't Care U voe -
\ o
| ,

T~

Note: WRITE, OE, A0~ A7=Don't Care



1701

¢ HIDDEN REFRESH CYCLE

5
uw

Vip—
WRITE 1 7/

s VI ~-/l‘
5
ViL

LASR t
Au~a7 VIH T %‘ KOW |
Vi, — ADD J AD]

1 Res

TMM41464P-12
TMM41464P-15

-

LCRP TRCD

/

EE| o

[T\
tepN _Jl
\

S NN

'_, UREH '

| oy
/I,

tcac
YRAC

Y

-

~1/04

|
VT

{

\ VA

DDDDDDDDDDD

\

7/4 Don't Care
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® CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS
Vin —
- \ /N
Vi, —
TesR t tep tra

SR —
AAAAA ‘W//////////////m o

READ CYCLE

Zii’ - //////7////M/ — KW
w o TN /T

. -

L

N

WRITE CYCLE l ’
t

‘V//J//////////////////%J.— w I
T - 7///////////f//////////ﬂl/fﬂ////////// L

ViH y ’
,01~1,04 OPEN \ VALID DATA-IN !}
Vin — f town
tRWL
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRCs tcwp tup

s 1 = T o N

o v~ [T =

Vion - 5
. 10 4 N /Mvanin
VoL — A\ -

m Don't Care

— A-80 —



APPLICATION INFORMATION

ADDRESSING

The 16 address bits required to decode 1 of the
65,5636 cell locations within the TMM41464P are
multiplexed onto the 8 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TTL-level clocks. o

The first clock, the Row Address Strobe (RAS ),
latches the 8 row address bits into the chip. The
second clock, the Column Address Strobe (CAS) ,
subsequently latches the 8 column address bits into
the chip. Each of these signals, RAS, and CAS,
triggers a sequence of events which are controlled by
different delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurrence of
a delayed signal derived from the RAS clock chain.
This "gated CAS” feature allows the CAS clock to be
externally activated as soon as the Row Address Hold
Time specification (tran) has been satisfied and the
address inputs have been changed from Row
address to Column address information.

Data Inputs

Data is written during write or read-modify-write
cycle. -
The falling edge of CAS or WRITE strobes data into
the on-chip data latches.
In an early-write cycle, WRITE is brought low prior to
CAS and the data is strobed in by CAS with setup and
hold times referenced to this signal. In delayed write
or read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WRITE with setup
and hold time referenced to this signal.
In delayed or read-modify-write, OE must be high to
bring the output buffers to high impedance prior to
impressing data on the 1/0 lines.

Data outputs

The three-state output buffers provide direct TTL
compatibility with a fan-out of two standard TTL

loads. Data-out is the same polarity as data-in. The .

outputs are in the high-impedance state until CAS is
brought low. In a read cycle the outputs go active
after the access time interval trac and toea are satis-
fied.

The outputs become valid after the access time
has elapsed and remain valid while CAS and OE are
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TMM41464P-12
TMM41464P-15

low. CAS or OE going high returns it to a high
impedance state. In an early-write cycle, the outputs
are always in the high-impedance state. In a delayed
-write or read-modify-write cycle, the outputs will
follow the sequence for the read cycle.

The OE controls the impedance of the output
buffers. In the logic high position the buffers will
remain in a high impedance state

When the OE input is brought to a logic low level,
the output buffers are enabled.Both CAS and OE can
control the outputs. Thus in a read operation, either
OE or CAS returning high forces the outputs into the
high impedance state.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accom-
plished by performing a memory cycle at each of the
256 row address (Ao-A7) within each 4 millisecond
time interval. Although any normal memory cycle will
perform the refresh operation, this function is most
easily accomplished with “RAS-only” cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lccs specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the

TMM41464P offers an alternate refresh method. If
CAS is held on low for the specified period (tcsr)
before RAS goes to low, on chip refresh control
clock generators and the refresh address counter are
enabled, and an internal refresh operation takes
place. ‘
After the refresh operation is performed, the refresh
address counter is automatically incremented in
preparation for the next CAS before RAS refresh
operation .

PAGE MODE

The "Page-Mode” feature of the TMM41464P
allows for successive memory operations at multiple
column locations of the same row address with in-
creased speed without an increase in power. This is
done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout all
successive memory cycles in which the row address
is common. This "Page-Mode" of operation wili not
dissipate the power associated with the negative
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going edge of RAS. Also, the time required for
strobing in a new address is eliminated, thereby
decreasing the access and cycle times.

HIDDEN REFRESH
An optional feature of the TMM41464P is that

MEMORY CYCLE

REFRESH CYCLE

refresh cycle may be performed while maintaining
valid data at the output pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at ViL and taking RAS high and after a
specified_precharge period (te), executing a CAS
before RAS refresh cycle. (see Figure below)

REFRESH CYCLE

CAS

I7i1~1,%4 —— QPEN =

~
—

VALID DATA-CUT

./
e
>_

This feature allows a refresh cycle to be “hidden”
among data cycles without affecting the data availa-

bility.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM4.1464P
can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE
operation taking the internal counter address as row
address and the input address as column address.

The test is performed after a minimum of 8 CAS
before RAS cycles as initialization cycles. The test
procedure is as follows.

M Write "0” into all the memory cells at normal write
mode.

@ Select one certain column address and read "0"
out and write 1" in each cell by performing CAS

BEFORE RAS REFRESH COUNTER TEST (READ-
WRITE CYCLE).
Repeat this operation 256 times.

(@) Check "1” out of 256 bits at normal read mode,
which was written at (2) .

{4y Using the same column as @, read "1" out and
write "O" in each cell performing CAS BEFORE
RAS REFRESH COUNTER TEST. Repeat this
operation 256 times.

&) Check"O" out of 256 bits at normal read mode,
which was written at (@) .

(&) Perform the above (D to &) to the complement
data.
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OUTLINE DRAWINGS

18 17 1ol 14 15 K 1l gu . .
. " Unit in mm

1
9
]
]
)
]
I
)
I

D\ -
R10 y
Tt g e 0 O J T 27
1 4 3 4 b 8] i <} 4
| 2x.8MAX. .
=
+— 3
9
u~1"
Yy V¥ ' Yy
2541 0L5 i4 £u.lo 0 =
5 =
01012 i

NOTES : Each lead pitchis 2.54mrm. All leads are located within 0.25mm of their true longitudinal position with respect
to No. 1 and No. 18 leads. Alldimensions are in millimeters.
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Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry,
© Aug., 1985 Toshiba Carporation

— A84 —



TOSHIBA MOS MEMORY PRODUGT

;;Sggﬁ?e%né%znossx 1 BIT DYNAMIC RAM 16511 600?/;'/2'85, TC511000P/4/2-10
DESCRIPTION TC511000P/J/Z-12

The TC511000P/J/Z is the new generation dynmamic RAM organized 1,048,576 words by 1 bit.
The TC511000P/J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well as ad-
vanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC511000P/J/Z to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package
size provides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power supply of
5V+10% tolerance, direct interfacing capability with high performance logic families such
as Schottky TTL. "Test Mode" function is implemented from Revision C.

FEATURES

* 1,048,576 words by 1 bit organization - Low Power
* Fast access time and cycle time 335mW MAX. Operating(TC511000P/J/Z-85)
330mW MAX. Operating(TC511000P/J/Z-10)
TC511 P/J/Z~85-10~
511000p/J/2-85-10-12 275mi MAX. Operating(TC511000P/J/Z-12)
tRAC|RAS Access Time 85ns 100ns 120ns 5.5mW MAX. Standby
Column Address » Output unlatched at cycle end allows
EAA | pccess Time 45ns S0ns  60ns twc-dimensional chip selection
+ Common I/0 capability using "EARLY WRITE"
tcac|CAS Access Time 25ns 25ns  30ns operation P _i_ 8
tpe |Cycle Time 165ns  190ns 220ns | ¢ Read-Modify-Write, CAS before RAS refreut,
RAS-only refresh, Hidden refresh, Fast
F P Mod > 2
tpc C;ige age Hode 50ns  S55ns  70ms Page Mode and Test Mode capability
» All inputs and output TTL compatible

* 512 refresh cycles/8ms

« Package Plastic DIP: TC511000P
Plastic SOJ: TC51100CJ
Plastic Z1P: TC511000Z

+ Single power supply of 5V+107% with a built-
in Vpy generator

(TOP VIEW)
Plastic S0OJ Plastic ZIP

1
2 A9 i, BLOCK DIAGRAM
3 S f_z_ cag
+ T ves TRITE
Lo
s DNt R o o—h BoFPER.
RAS |7 : 34
7 £23 18 ke No.2 CLOCK
a N.C. {9 ; OENERATOR DATA OUT
s a0 11 =1 ar T ot BUFPER
Az iy 85, —{coLumn
Voo [15) 2¢] A8 a0 o—{ 10 ADDRESS( ) COLUMN
a1 2 ae] as Al 0— BUFFERS(10) DECODER
PIMN NAMES As [17] £ —— =
Fx18] as A2 0= REFRESH SENSE AMP.
A0 ~ A9 | Address Inputs A7 1R800 e A3 o— CONTROLLER L/0 OATING
= A4 O~
RAS Row Address Strobe a5 o TERESH ” 204.8”
DIy Data In A6 O0— COUNTER(9)
DouT Data Out A7 0— S g
Cas Column Address Strobe AB O ROW 5 51z | MEMORY
[ e m— N AQ H 10 {ADDRESS ) = fa! ARRAY
WRITE Read/Write Input ———| BUFFERS(10) Vg8
Vee Power (+5V) T
Vss Ground i 0—] 0.1 CLOCK
TF Test Function GENERATOR
SUBSTRATE BIAG|—0Vce
N.C. No Connection GENERATOR 0 Veg
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‘TC511000P/J/2-85, TC51 10 000P/ J/ Z-l 0

- TC511000P/ J/ Z-12
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES

Input Voltage VIN -1~ 7 ) 1
Test Function Input Voltage VIN(TF) -1~ 10.5 v 1
Output Voltage VouT -1~ 7 v 1
Power Supply Voltage vee =1 7 \'J 1
Operating Temperature TOPR 0~ 70 °C 1
Storage Temperature ISTG =55 ~ 150 °C 1
Soldering Temperature « Time TSOLDEPR. 260 - 10 °C * sec 1
Power Dissipation Pp 500 mW 1
Short Circuit Output Current TouT 50 mA 1
RECOMMENDED DC OPERATING COMLITIONS (Ta=0 ~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vee Supplv Voltage 4.5 5.0 5.5 v 2
VIH Input High Voltage 2.4 - 6.5 v 2

IL Input Low Voltage -1.0 _ 0.8 v 2
VIH(TF) Test Enable Input High Voltage Vec+s .5 - 10.5 v 2

DC ELECTRICAL CHARACTERISTICS (V¢c=5V+10%, Ta=0n~70°C)

SYMBOL PARAMETER MIN. [MAX.|UNITS|NOTES
OPERATING CURRENT TCS11000B/7/Z-88| = | 70

Iccl |Average Power Supply Operating Current TC511000B/3/2-10| - | 60 | mA | 3,4
(RAS, CAS, Address Cyeling: tRc=trc MIN.) TCS11000E/7,/2-12}) - 50
STANDBY CURRENT

Icc2 |(Power Supply Standby Current - 2| mA
(RAS=CAS=VIR)
RAS ONLY REFRESH CURRENT TC511000B/7,/2-85| - 70

Icc3 |Average Power Supply Current, RAS Only Mode TCS11000B/7,/2-10| - | 60 | mA 3
(RAS Cycling, CAS=VrH: tRc=tRrc MIN.) TC511000B/J/2-12| - 50
FAST PAGE MCODE CURRENT TCS511000B/7/2-85| - 50

Icc4 |Average Power Supply Current, Fast Page Mode TC511000B/7,/2-10| - 40 | ma | 3,4
(RAS=V1L, CAS, Address Cycling: tpc=tpc MIN.) |rcsiioooE/7/z-12] - | 30
STANDBY CURRENT

Iccs |Power Supply Standby Current - 1| mA
(RAS=CAS=vcc-0.2V)
CiS BEFORE RAS REFRESH CURRENT TC5110008/7/7-35{ = | 70

Iccg |Average Power Supply Current, CAS Before Tos5110008/7,Z-10] - | 60 | maA | 3
RAS Mode (RAS, CAS Cycling: tRC=tRc MIN.) TC511000B/9,2-12] - | SO
INPUT LEAKAGE CURRENT (any input except TF)

Ir(r) |Input Leakage Current, any mput: (OV £ViyN £6.5V, All Other -10| 10 | ua
Pins Yot Under Test=0V)

1 INPUT LEAKAGE CURRENT (only TF) 10! 10 A

ITF (LY (v £ Vy(TF) £0.8V, All Other Pins Not Under Test=0V) - s
OUTPUT LEAKAGE CURRENT

To(L) |(Doyr is disabled, OV £VoyT <5.5V) -10] 10 | ua

Irr TEST FUNCTION INPUT CURRENT 1 oA

F (Vee+s .5V S VIN(TF) £10.5V) "

OUTPUT LEVEL

Vo Output "H'" Level Voltage (IguT=-5mA) 2.4 - v

VoL OUTPUT LEVEL 0.4 v
Output "L" Level Voltage (Igyr=4.2mA) - :
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TG511000P/J/2-85, TC511000P/J/2-10
TG511000P/J/Z-12

ELECTRICAL CHARACTERISTIES AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc=5thOZ,_Ta=01u70°C)(Notes 5, 6, 7)

SYMBOL PARAMETER TCE11C00E,J,/2-85 |TC511000E/7,/2-10 {TC511000E/7,/2-12 oNIT [NOTES
MIN.| MAX. [MIN.| MAX. MIN.| MAX.
ERC Random Read or Write Cycle Time | 165 - 190 - 220 - ns
tRWC |Read-Write Cycle Time 190 - 220 - {255 - ns
tpc Fast Page Mode Cycle Time 50 - 55 - 70 - ns
tPRWC‘ gizg Page Mode gead-Write.Cycle 75 _ 85 _ 105 _ ns
CpaC |Access Time from RAS - 85 - 100 - 120 ns (8,13 |
tcac |Access Time from CAS - 25 - 25 - 30 ns {8,13
tAA  |Access Time from Column Address | - /| 45 - 50 | - 60 | ns |8,14 |
tcpA  |Access Time from CAS Precharge - 45 - 50 - 65 us |8
tcLz |CAS to Output in Low-2 5 - 5 - 5 - ns |8
torF |Output Buffer Turn-off Delay 0 30 0 30 0 35 ns |9
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns (7
tRrp RAS Precharge Time 70 - 80 - 90 - ns
tRos [RAS Pulse Width 85( 10,000 {100 | 10,000/120 | 10,000/ ns
traSP |RAS Pulse Width (Fast Page Mode)| 85 (100,000 |[100 | 100,000]120 |100,000| ns
tRSH |RAS Hold Time ‘ 25 - 25 - 30 - ns
tcSH |CAS Hold Time ‘ 85| - 100 - ]120 - ns
tcas |CAS Pulse Width 25| 10,000 | 25| 10,000| 30 | 10,000] ns
trcp |RAS to CAS Delay Time 25 60 25 75 25 90 | ns |13
traD §§§ to Column Address Delay 20 40 20 50 20 60 s |14
ime
tcrp |CAS to RAS Precharge Time 10 - 10 - 10 - ns
tep S§§e§recharge Time (Fast Page 10 _ 10 _ 15 _ ns
EASR  |Row Address Set-Up Time ‘ 0 - 0 - 0 - ns
tRAH |Row Address Hold Time : 15 - 15 - 15 - ns
tASCc |Column Address Set-Up. Time 0 - 0 - 0 - ns
teaH  IColumn Address Hold Time 20 - 20 - 25 - ns
taR Column Address_ﬂgld Time 65 _ 75 _ 90 _ s
referenced to RAS ‘
tRAL |Column Address to RAS Lead Time | 45 - 50 - 60 - ns
trcs |Read Command Set-Up Time 0 - 0 - 0 - ns
trey Read Command Hold Time 0 - 0 - 0 - ns (10
“RRH 3:?2r§§:23nioﬂ%%% Tine 0 - 0 - 0 - ns (10
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TG5I 1 ﬂﬂﬂP/J/Z -85, 'I'G5I IﬂﬂﬂP/J/Z-I ﬂ

- TC511000P/J4/Z-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

AENE,

/

~

TCS11000EJ,/Z-85|TCS1100CE/Z,/2-10 | TCS11000E/3,/2-12
SYMBOL PARAMETER UNITS |NOTES
MIN. | MAX. MIN. | MAX. MIN. MAX.
tWCH | Write Command Hold:Time 20 - 20 - 25 - ns
Write Command Hold Time
t - - -
WCR referenced to RAS 65 75 90 ns
typ Write Command Pulse Width 20 - 20 - 25 - ns
Write Command to RAS ‘Lead
t - - -
RWL | Tiqe 20 25 30 ns
Write Command to CAS Lead
t - - -
CWL | Time 20 25 30 ns
tps Data Set-Up Time 0 - 0 - 0 - ns | 11
tDH Data Hold Time 20 - 20 - 25 - ns 11
tDuR Estgxgold Time referenced 65 _ 75 _ 90 _ ns
trer | Refresh Period - 8 - 8 - 8 ms
twycs |Write Command Set-Up Time 0 - 0 - 0 - as | 12
tcwp | CAS to WRITE Delay Time 25 - 25 - 30 - ns | 12
CRWD |RAS to WRITE Delay Time 85 - 100 - 120 - ns | 12
¢ Column Address to WRITE ) 5
AWD Delay Time 45 - 50 - 60 - ns | 12
CAS Set-Up Time (CAS before
t —_— - - -
CSR | 7ag Cvele) 10 10 10 ns
CAS Hold Time (CAS ‘before
t
CHR RAS cycle) 30 - 30 - 30 - ns
tRpc | RAS to CAS Precharge Time 0 - 0 - 0 - ns
CAS Precharge Time (CAS be-
t — - - -
CPT | fore RAS Counter Test Cycle) >0 30 60 ns
tepy | CAS Precharge Time - ‘ 15 - 15 - 20 - ns
Test Mode Enable Set-Up Time
t P - _ -
TES | referenced to RAS 0 0 0 ns
tTEH Test Mode Enable Hold Time 0 _ 0 _ 0 _ s

referenced to RAS
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TG511000P/J/Z-85, TC511000P/J/2-10
TC511000P/J/2-12

CAPACITANCE (Vgc=5V+10%, f=1MHz, Ta=0 " 70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (A0 vA9, DN) - 5
C12 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co Qutput Capacitance (Doyr) - 7
NOTES:
1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause

10.
11.

12.

14,

permanent damage to the device.
All Voltages are referenced to Vgg.

Iccl, Ice3s Iccss Iccs depend on cycle rate.

Iccis Icgs depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200ps is required after power-up followed by 8 RAS cycles
before proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS
cycles are required.

AC measurements assume tp=5ns.

Vig(min.) and Vi (max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vig,-

Measured with a load equivalent to 2 TTL loads and 100pF.

torr(max.) defines the time at which the output achieves the open circuit
candition and is not referenced to output voltage levels.

Either tpey or trgy must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-write cycles.

tycss CtRWD» tCWDp and tayp are not restrictive operating parameters. They are
included the data sheet as electrical characteristics only. If tycs 2 twcs
(min.), the cycle is an early write cycle and data out pin will remain open
circuit (high impedance) through the entire cycle; If tgyyp 2 tgyp{(min.),

tewp 2 teyp(min.) and tayp 2 ¢ wyp(min.), the cycle is a read-write cycle and
data out will contain data reaé from the selected cell: If neither of the
above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

Operation within the tycp(max.) limit insures that tgyc(max.) can be met.
trcp(max.) is specified as a reference point only: If tgep is greater than the
specified tgcp(max.) limit, then access time is controlled by tcac

Operation within the tgap(max.) limit insures that tgpc(max.) can be met.
trap(max.) is specified as a reference point only: If tgap is greater then the
specified tpap(max.) limit, then access time is controlled by tpa.
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TG511000P/J/Z-85, TC511000P/J/Z-10

TG511000P/J/Z-12

TIMING WAVEFQRMS

READ CYCLE
tRC
‘rp
— Vig — T tRAS ]
RAS VIL _ /
tcsH
CCRP tRCD “RSH tcRP
—_ Vg tcas
Cas Ve ___/ L\ / /
CAR
traD taaL
tasr tRAH tasc tcaH .
oo 3 TN v WU XTI,
TRCH
tros YRRH

v —_
Doyt COH

VoL —

e ://////////////////////I//‘*

AA

tcac

tcLz

CRAC

OPEN

LOFF

T

VALID DATA 2___

: VlH"orllL‘l

NOTE: "TF" pin should be connected to Vi, level or open, if "Test
Mode" is not used.
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TG511000P/J/2-85, TC511000P/J/Z-10
TG511000P/J/2-12

WRITE CYCLE (EARLY WRITE)

ViL —

tg tcsH
Vig — r tcas
= 7 O\ / 7

VIL

- "
s = X o WX == W
v o T/

SO/ ) T

| V)t ort L

NOTE: "TF" pin should be conmnected to Vy; level or open, if "Test
Mode" is not used.
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 TG511000P/J/2-85, TC511000P/d/Z-10

{;ﬁrcsllnnnP/J/ZIz e ;,Mgiﬁjﬁfijfﬂfquiﬂ; o

READ~WRITE CYCLE

CCRP trCD
- Vig — \ \ tcas
Vi, ——
. tcsH

tRAD CRAL

towL

“asR| | |traH| _tasc toan

40~a9 :i :ZZZZXI ROV }@Q oo W///////////////////////////////

tawD

tCWD

v = Z )

“‘144%%%%%%%%%%49&%

e T A%%%[

s XL,

Taa OFF
e —— —
LZ ___I ' '
% :" PIL’I
NOTE: "TF" pin should b ected to Vyp, level £ "Test
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TC511000P/J/Z-85, TC511000P/J/Z-10
TG511000P/J/2Z-12

FAST PAGE MODE READ CYCLE

tRp
. -—— . E\—
RAS
Vi, —
tcsH tpC CrSH
CCRP) tRCD tcas tcp tcp
I T ’
vig — ) tcas tcas
2 / l /N Y N
Vi — 3
CAR ; -], } tRAL
i
tasR taaH, fascy | tcaH | tasc tcad tasc| [caH
7 N 1 - i ‘—‘J
Vig —
A0~A9 //:sz ROW W coL P@{ coL W coL W{;//////////
Virn — d 1 1 ’
tRAD tRCH CRRH
tRCs trcs PRCH | CRCS CRCH
| :
Vig —
e ™ T 1 [ U
Vi — tcac tcac tcac :
taa taa ‘aa
CRAC tcpa tcpa
e, TOH T VALID VaLT VALID
ouT Vor — DATA DATA | DATA >
tcLz FOFP f-cLzl'jow tcLz tOFF
f ! ' |

s "HUuophtp!

NOTE: "TF" pin should be comnected to Vp level or open, if "Test
Mode" is not used. .
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~ TC511000P/J/Z-12

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

AO~A9

WRITE

Dry

Doyt

~ TC511000P/J/2-85, TcsnonoP/.l/z-m

m__/ N N2\

= T = XD = YN = YT
= == SN L VT
N/ ) ey U ey WA

NOTE:

— A94 —
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O : ravorinn

"TF" pin should be conrnected to Vjp level or open, if "Test
Mode" is not used.



TG511000P/J/2-85, TC511000P/J4/2-10
TG511000P/J/Z-12

FAST PAGE MODE READ-WRITE CYCLE

trp
vig — ] CRASP
o \
vin —
tcsH
tprRWC
tFRP ERCD P top RsH
vig — \\ tcas ﬂ \ tcas ﬂ‘ X { tcas l j'}
Cas /
ViL — .
! tRALJ
tasc tasc
tasSR traH tasc tcaH ! CcAH Tcan
Vig —
A0~AS ROW ; coLuMH E@{Fsomw }@{ COLUMN | ///{///////////i/
Vi — h =
p ]
fRAD l Lewn tcw-LJ towD ezt
LawD ’ WJ '
tres |, \"C‘_‘T_L_1 Ly tewr tAWD| [FRWL
| T = ;
Vg — 1
WEITE // \ 1 \ \ \
Vip — r_d/ I
nWP' Swp twp
CRWD =
¢ ¢ . toH
DS| | DH DS tpH ‘ps
J ™
) Vi _f/ / NfVaLID // VALID)| VALID /
IN — / DATA A DATA /
tcLz ' terz tcLz
tcaC tcaG tcag
taa Caa AA
| traC tcpa tcra
Doys Vo — @(vum i§ A/ N vaLin 7 VALID |
Vor, — ( DATA DATA \ DATA
torF torr | torr

: "H'or"L"

NOTE: "TF" pin should be connected to Vi level or open, if "Test
Mode" is not used.
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o TB5IIDUUPIJ/Z-85 TGSIIUOI)P/J/ZIU

TC511000P/J/2-12

RAS ONLY REFRESH CYCLE

—— | - / .
G N/
w T

/)

J.

Vou —

Doyt
VoL

OPEN

M "H“O!‘"L"

NOTE: WRITE="H" or "L", A9="H" or "L"

"TIF" pin should be connected to Vi level or open, if "Test
Mode" is not used.
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TC511000P/J/Z-85, TC511000P/4/2-10

TC511000P/J/2-12
CAS BEFORE RAS REFRESH CYCLE
YRe
trp
Vig — “RAS
s /] \ \___
Vi, —
tRPC
tCPN SR CCHR
Vg — 7
CAS \ /
VIL —_—
toFF
Vou —T X
Doyt ) OPEN
VOL —— A

: VIHVI Orll Lll

NOTE: WRITE="H" or "L", AC ~vA9="H" or "L"

"TF" pin should be connected to Vyy level or open, if "Test
Mode" is not used.
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TC511000P/J/2-85, TC511000P/J/2-10
TG511000P/J4/Z-12 o

HIDDEN REFRESH CYCLE (READ)

AQ~A9

WRITZ

DouT

Vin

Vi, —
Vi —
Vig —

Vin —

Vou —

VoL —

Cras

LRP

tCRP

tRCD

CRSH

—

R\ CrAS

tCHR

ERAD tRAL
taR
tASR trat ‘asc tCAH

'

i

}QZZ&{ COLUMN

S

'RRH

/

tecac

taa

N

torr

=10

VALID DATA

>__

aai t'H'or"L"

NOTE: "TF" pin should be connected to V1L level or open, if
"Test Mode'" is not used.
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TG511000P/J/2-85, TC511000P/J/Z-10
TC511000P/J4/2-12

HIDDEN REFRESH CYCLE (WRITE)

X /
=l 7 N —
S/ R ) = U
wee = N~ =/

s = TN = X

V/A P "H'or"L"

NOTE: "TF" pin should be connected to Vij level or open, if "Test
Mode'" is not used.
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~ TC511000P/J/2-85, Tl:511000P/JIZlo

~ TG511000P/J/Z-12

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

= DTN =
R e A /
/A R A
Doy :Z: : OPEN | r ‘VALID DATA >-—
V trcs E—j ]_355*}_
o ://///////////////// W
" v LIS, = i
= =TT e XTI,
READ-WRITE CYCLE - ! =
Vo — EQLQ
~ Doyt Voo OPEN - @4 VALID DATA
Ak | temr, |
awD TRWL
T e I \ S

vmw%%%%%

: 1:40 17,1

NOTE: "TF" pin should be connected Vi level o

is not used.

W = LI //////X

— A-100 —
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T6511000P/J/2-85, TC511000P/J/2-10
TC511000P/4/Z-12

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144
words by 4-bits.

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks.

For a good device, the output data of the four internal blocks are identical to the input data {all “H”
or all “L”) and consequently the same data will appear on the output pin.

For a bad device, the output data of one or more of the internal blocks will differ from the input
data and a high impedance state will be detected on the output pin.

Block Diagram in Test Mode

Din

An, Am
—
— o
A ——0 NORMAL )
An,Am | 256K D
BLOCK
2 Ry
TF
An,Am
B Nch
— an, M [T 56K | L
BLOCK ‘
ol _ ~,
—————o0
—————0
an, D,
.J__I Am pyrra K ————0 NORMAL ’—1 out
———0
BLOCK [— <
C| P
. b [ wen
An,Am | 256K
BLOCK — J
)

TF Pin = Super voltage; Test Mode
TF Pin = Low level or Hi-Z; Normal

Truth Table in Test mode Function

A B [ D DOQUT
0 0 0 0 0
1 1 1 1 1
otherwise Hi-Z
Fig. 1
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TBSI IOOBP/J/Z -85, TC51 IUOBP/J/Z-IU
 TC511000P/J/2-12

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED)

The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF”
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode,
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time
for N2 patterns. The A9 address input is ignored during the “Test Mode”.

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS or
TTL Logic Low Level, or left unconnected on the printed wiring board.

——— fo————
o3 Vg ’K /
VIL —

Vig — \\
Cas /
Vi —
tTES CTER
—
VIH(TF) -—J X
Vio -

Fig.2 Test Mode Cycle
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TG511000P/J/Z-85, TG511000P/J/Z-10
TG511000P/J/2-12

» Plastic DIP

Unit in mm

18 17 16 15 14 13 12 11 10

— T e T e B e DO e B e Y s 8 e B |

>
2\ . .
R0 /Y N
d fd e ] e Ced T eed T Cd T ]
1 2 3 4 5 6 7 8 9
228MAX. 7624025

ol
]
I
051MIN.
1]
50 MAX!

) 0~15°
¥ 'l v —| +01
- 025-005 \
25420.25 14£015 | =
=} =
0.5%015 0
o

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position

with respect to No.l and No.l18 leads.

All dimensions are in millimeters.
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TC511000P/J/2-85, TC511000P/4/2-10
TC511000P/J/Z-12

« Plastic S0J

Unit in mm
1702 ~ 1727 o 0.9TYP.
26 25 24 23 22 8
B lnlwlnl BReEH
1
- Al -
= of A ©
& 1 4 &l g
I o i N
o 1
INDEX DOT a 3 g3
. = H ol o
| i
[ g g g as g m) | |mpmgmpmy ) .
12 34 5 $ 10 111213
0.66~0.78
L .
I |
Iigtl 0
< 0
0.38~048 127TYP.
. 95~99
+ Plastic ZIP Unit in mm

28aMAx 0
. [

N T

w
g
INDEX DOT § o
0/7 gl
&)
o 2N
ﬂ El +007
| v i °2%-a0s
asxal | ! z71ee. 129TYP
254TYP

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA MOS MEMORY PRODUCT

;;gg%szi\.\:\é%%%ssx 1 BIT DYNAMIC RAM Tcsl l 001 P/J/Z'85, Tcsl Inul P/J/Z'I 0
TC511001P/d/2-12

DESCRIPTION

The TC511001P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511Q001P/J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TCS511001P/J/Z to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package
size provides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power supply of
5V+107 tolerance, direct interfacing capability with high performance logic families such
as Schottky TTL., The special feature of TC511001P/J/Z is nibble mode, allowing the user
to serially access 4 bits of data at a high data rate. '"Test Mode" function is imple-
mented from Revision C.

FEATURES . Low Power:
+ 1,048,576 words by 1 bit organization 385mW MAX. Operating (TC511001P/J/Z-85)
« Fast access time and cycle time 330mW MAX. Operating (TC511001P/J/Z-10)
TC511001P/J/2-85-10-12 275mW ?AX. Operating (TC511001P/J/Z-12)
t RAS Access Time 85ns 100ns 120ms 5. ol MAX. Standby
RAF + Output unlatched at cycle end allows
tAA golumn %@dress 45ns  50ns  60ms two-dimensional chip selection
access -ime + Common I/O capability using "EARLY
£CAC CAS Access Time 30ns - 35ns 40ns . WRITE" operation
tRC  Cycle Time 165ns  190ns 220ms « Read-Modify-Write, CAS before RAS re-
tycac Vibble Mode 20 20 25as fresh, RAS-only refresh, Hidden refres:,
i Access Time e ne " Nibble Mode and Test Mode capability
Nibble Mode + All inputs and output TTL tibl
tye ! 40ns 4Ons  50ns inputs and outpu compatible
_ Cycle Time : - : * 512 refre.h cycles/8ms

+ Single power supply of 5V+107 with a built-in + Package Plastic DIP: TC511001P

Vpp generator Plastic SOJ: TC511001J
. Plastic ZIP: TC511001Z
PIN CONNECTICM (TOP VIEW) ‘
. . . BLOCK DIAGRAM
Plastic DIP Plastic SOJ Plastic ZIP 0 GRA
DIN Doyt
AL} 2 loam Vee Vsg ? ?
Doyt [3 1423 DATA IN DATA OUT
3 f3lvgs ? T BUFFER BUFFEZR
P (2.0 75 [errTE WRITE — D
RAS 75 eire TAT o
ne ot No.2 CLOCK
. GENERATOR NIBBLZ
ST PO SELECTOR
Az [13; £33 R
E s 20 | coLumn
Vee 155 § 10 )| ADDRESS
as [ 281As 400 BUFPERS(10)] || [T DECODER
E<4 98 ]as Al O— v
PIN NAMES wr ol 200 r20] S5t o
” /0 G (1]
A0 ~A9 | Address Inputs 0 23::: CONTROLLER /0 GAT
CAS Column Address Strobe A5 0] REFRESH b.. 2048 --
DIN |Data In 60— COUNTER ()
DoUT | Data Out A7 0— o 5
_ MEMORY
RAS Row Address Strobe A80— ADDRESS | £9s12
90— BUFFERS(10) =9 ARBAY
WRITE | Read/Write Input 2
vee Power (+5V) = No. 1 CLOCK
Vss Ground GENERATOR
TF Test Function ) ggzg'rm\m
N.C. No Connection GENERATOR
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TC511001P/J/Z- -85, TG5IIUDIPIJIZ-10 e
TC511001P/d/2Z- 12 ‘ -
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIy ~-1A7 \ 1
Test Mode Input Voltage VIN(TF) -1~10.5 v 1
Qutput Temperature VouTt -1~n7 v 1
Power Supply Voltage Ve =17 \' 1
Operating Temperature ToPR 070 °c 1
Storage Temperature Tstg -35150 °C 1
Soldering Temperature . Time TSOLDER 260 - 10 °Cesec 1
Power Dissipation Pp 600 mW 1
Short Circuit Qutput Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vee Supply Voltage 4,5 5.0 5.5 v 2
VIR Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage ~1.0 - 0.8 v 2
VIH(TF) | Test Enable Input High Voltage | Vcc+4.5 - 10.5 v 2
CC ELECTRICAL CHARACTERISTICS (vgg=5%10%, Ta=0 ~70°C)
SYMBOL PARAMETER MIN.J] MAX!| UNITS|NOTES
OPERATING CURRENT IC511001B/L/Z-85| ~ 70 mA
Igc1 |Average Power Supply Operating Current TCS511001B%,/Z~-10| - 60 | ma | 3,4
(RAS, CAS, Address Cycling: tpc=trc MIN.) TC511001B/3/2-12| - 50 | mA
STANDBY CURRENT
Icc2 |Power Supply Standby Current - 2| mA 3
(RAS=CAS=V1y) '
RAS ONLY REFRESH CURRENT TC511001B/7/2-85] ~ 70 | mA
Icc3y |Average Power Supply Current, RAS Only Mode TC511001B0/Z-10]| - 60 | mA 3
(R&S Cvcling, CAS=Vy: ERC=tRC MIN.) TC51100120/2-12] - 50 | mA
NIBBLE MODE CURRENT TCS511001RAL2-85| - 50 | mA
Icct |Average Power Supplv Current, Nibble Mode TCS11001BJ/Z~10f -~ 40 | mA 3,4
(RES=VyL, CAS Cycling: tyc=tyc MIN.) TC511001B2Z-12| - 30| ma
STANDBY CURRENT
Iccs |Power Supply Standby Current - 1| ma
(RAS=CAS=Vcc-0.2V)
CAS BEFORE RAS REFERSH CURRENT TC511001B7/2-85| - 70 mA
Icce |Average Power Supply Current, CAS Before TC511001B7/Z2—-10| = 60 | mA 3
RAS Mode (RAS, CAS Cvcling: Erc=tpc MIN.) TC5LI001BLZ-12 - 50 | ma
INPUT LEAKAGE CURRENT (any input except TF)
Ir(r) |Input Leakage Current, any input (OVgVIng6. SV ~10 | 10| uaA
All Other Pins Not Under Test=0V)
INPUT LEAKAGE CURRENT. (only TF -
TITEW)| (ov < vix(TE) €0.8Y, 21 %0tker ins Not Under Test = OV) 107 10| ua
I OUTPUT LEAKAGE CURRENT -10 10 HA
0(L) !(Dgyr is disabled, OV SVgyr $+5.5V)
I TEST FUNCTION INPUT CURRENT 1 A
F_ |(Vcc+s .5V < VIN(TF) £10.5V) - "
: OUTPUT LEVEL
VOH Output "H" Level Voltage (IOUT=-5ma) 2.4f - v
v OUTPUT LEVEL
OL Output "L" Level Voltage (IouT=4.2mA) - |0.4 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC511001P/J/2-85, TC511001P/J/Z-10
TC511001P/J/2Z-12

(Vee=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)

SYMBOL PARAMETER TC5110018/7/Z-85 |TCS11001E/3/Z-10TC5L1001B-0/Z~12 unTTl NOTES
MIN.| MAX. |MINJ/ MAX. |MIN.| MAX.

tRC Random Read or Write Cycle Time | 165 - 190 - 220 - ns

tRWC Read-Write Cycle Time 190 - 220 - 255 - ns

tNe Nibble Mode Cycle Time 40 - 40 - 50 - ns

ENRMW | Nibble Mode Read-Write Cycle Time| 65 - 65 - 80 - ns

tRAC |Access Time from RAS - 85 - 100 - 120 ns | 8,13
tecac | Access Time from CAS - 30 - 35 - 40 ns | 8,13
taa Access Time from Column Address - 45 - 50 - 60 ns | 8,14
ENCAC |Nibble Mode Access Time - 20 - 20 - 25 ns | 8
tcLz |CAS to Output in Low-Z 5 - - - ns | 8
toFF |Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns | 9

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns | 7
trp RAS Precharge Time 70 - 80 - 90 - ns

tras |RAS Pulse Width 85 10,000 | 100/10,000 |120 |10,000 | ns

trsy |RAS Hold Time 30 - 35 - 40 - ns

tcsg | CAS Hold Time 85 - 100 - 120 - ns

tcas | CAS Pulse Width 30 {10,000 | 35(10,000 | 40 10,000 | ns )
[tRcD | RAS to CAS Delay Time 25| 55 25] 65 | 25| 80 | ns|13
tpap (RAS to Column Address Delay Time | 20 40 20 50 20 60 ns | 14
tcrp | CAS to RAS Precharge Time 10 - 10 - 10 - ns

tcpy | CAS Precharge Time 15 - 15 - 20 - ns

EASR  |Row Address Set-Up Time 0 - -0 - 0 - ns

tRAH |Row Address Hold Time 15 - 15 - 15 - ns

tasc |Column Address Set-Up Time 0 - 0 - 0 - ns

CCAH |[Column Address Hold Time 20 - 20 - 25 - ns

w |t ol ] - w] - |w

tpalL |Column Address to RAS Lead Time 45 - 50 - 60 - as

tRCS [Read Command Set-Up Time 0 - 0 - 0 - ns
T o| - o] - o] - [w]m
CRRH EgégrgﬁﬂgnioH%% tine 0 - 0 - 0 - ns |10
tWCH |Write Command Hold Time 20 - 20 - 25 - ns

cucy | Foice Comand old Ties s| - | < [w] - [
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TCS11001P/7/2Z-85

TC 511001E/7/2Z-10

TC511001B/7/2-12

SYMBOL PARAMETER UNITS [NOTES
, MIN. MAX. MIN. | MAX. | MIN. MAX.
twp |Write Command Pulse Width 20 | - 20 - 25 - ns
tRWL |Write Command to RAS Lead Time 20 - 25 - 30 - ns
tCWL |Write Command to CAS Lead Time 20 - 25 - 30 - ns
‘tps Data-In Set-Up Time 0 - 0 - 0 - ns 11
tpH Data-In Hold Time 20 - 20 - 25 - ns 11
Data-In Hold Time
DHR reference to RAS 65 -7 75 - 90 - R
CREF |Refresh Period - 8 - 8 - 8 ms
tycs |Write Command Set-Up Time 0 - o] - 0 - ns 12
tcyp |CAS. to WRITE Delay Time 30 - 35 - 40 - ns 12
tRWD |RAS to WRITE Delay Time 85 - 100 - 120 - ns 12
Column Address to WRITE
t - - - 12
AWD |Delay Time 45 >0 60 ns
CAS Set-Up Time
t i i - - -
CSR '|(TAS before RAS) 10 10 10 ns
tcHr |CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
RAS Precharge to CAS :
'RPC |active Time o 0 . - 0 . 0 - ns, .
CAS Precharge Time :
t — = - -
CPT |(TAS before RAS Counter Test) S0 >0 60 ns
tncas [Nibble Mode Pulse Width 20 - 20 - 25 - | ns
tNCP |Nibble Mode CAS Precharge Time 10 - 10 - 15 - ns
tNRSH [Nibble Mode RAS Hold Time 20 - 20 - 25 - ns
Nibble Mode CAS to WRITE
t - - -
NCWD Delay Time 20 20 % i ns
t Nibble Mode WRITE Command _ ‘ _ _
NRWL to RAS Lead Time 20 20 25 ns
t Nibble Mode WRITE Command _ _ -
NCWL |, CAS Lead Time 20 20 25‘ ns
t Test Mode Enable Set-Up Time _ _
TES |referenced to RaS 0 - 0 0 ns
Test. Mode Enable Hold Time
t - - -
TEH |referenced to RAS 0 0 0 ns
CAFACITANCE (vce=5v:10%, f=1MHz, Ta=0~70°C) v
SYMBOL : PARAMETER MIN. MAX. UNIT
Cri Input Capacitance (A0 ™ A9, DIN) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co Output Capacitance (DoyrT) - 7 pF
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NOTES:

1.

10.

11.

12.

13.

14.

Stresses greater than those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device.

All voltage are referenced to Vgs.
Iccls Icc3s Iccs» Icce depend on cycle rate.

Iccls Iggy depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved. 1In case of using internal
refresh counter, a minimum of 8 TAS Before RAS initialization cycles instead
of 8 RAS cycles are required.

AC measurements assume tp=5ns.

Vig(min.) and Viy(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vyy.'

Measured with a load equivalent to 2 TTL loads and 100pF.

torF{max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either tgcy or tggry must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-write cycles.

tycss CURWD: tcwp and tayp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If tycs » tycs
(min.), the cycle is an early write cycle and the data out pin will remain

open circuit (high impedance) throughout the entire cycle; If tgyp 2 tryp(min.),
tcwp >tCWD(m1n ) and tayp 2 tawp(min.), the cycle is a read-write cycle and the
data out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

Operation within the tycp(max.) limit insures that trac(max.) can be met.
tpepl{max.) is specified as a reference point only: If tpcp is greater than
the specified tgcp(max.) limit, then access time is controlled by tgac.

Operation within the tgap(max.) limit insures that tgpac{(max.) can be met.

tpap(max.) is specified as a reference point only: If tpap is greater than
the specified tgpap(max.) limit, then access time is controlled by tpa.
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TIMING WAVEFORMS

READ CYCLE tgre
— Vg —— tAR e '
RAS Vip — x — / Crp \ :
e =
VIL tRAD CRAL
CASR tRAH tasc| TcaH
N/, B X/IIITIITITIK
tROS,_ FL‘.@L

VL t
[ RAC toFF

1 e I
| tcnz :
Doy 'CH 0PEN ‘ VALID DATA

- — e ——

WRITE CYCLE (EARLY WRITE)

T N =
o i tReD = ERSH pcBe |
T PN
. _mtm TRaH -tASZ' tcan T
AOA9 L DRESS t ADDRL;SS S T— ’ l
w1 - {gﬂ/////////////////////////z
— tps . tpy i
b :7//////////// SN
Doyt VZi T OPEN : e

NOTE: "TF" pin should be connected to Vi, level or open, if "Test
Mode" is not used.
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READ-WRITE CYCLE

Lrwe
CRAS
Vig ———— TAR
= /o N
Vi, — trp
CRSH
CcsH
TCRP | CRCD tcas tCRP
!
— Vig —
Cas tRAD N\ \ /
Vi —
t
tASR tRan ASC | tcaH SRAL
ViE — ROW " COLUMN
/) TN ) = YY) 3
CEWD i
C
CawD
RCS towD CRWL
Vig — !
w= I .
Vi — tan - |
t
tcLz WP - QFF
Vo — OPEN 7 -
Dour : \ VALID DATA
Vor — TRAC

S/ e S
L//4: "a*or 'Lt

NOTE: "TF" pin should be connected to Vyp level or open, if "Test

Mode" is not used.
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NIBBLE MODE READ CYCLE
tragS L.El';l
v o ] t b
m T N— /N
VIL
“est CNRSH
CCrP tRCD Fcas tye
1
ﬁ§::: N JECTSNEN / N /F\L_/_\£:7
tasp tasc tcay Eae
/) D B, ///// /////////////////////////////////
teac
tRac o1z tomp COFF
Por % oren (/)0 (e ) )
t
*res M_{_ A tres ‘reH =
wer: = 777777 /A 7
NIBBLE MQDE WRITE CYCLE (EARLY WRITE)
tras ' trp
8 ———m fﬁ_
Vi, — -
CSH
tcrp | tRCD tcas ! tNC ] _ ENRSH
ww n =7 iy aNVa\ e
o tASR :sA: Ccad “bf_P_ tNcas ““/
SR/ EE Y,
& . A ‘
‘WZZR tweh|  |twes WCH c:grlj
o T IIN %% JIIN\ TGN 700
Cwp
| cw,
o o IR YR WK XK /
IL
tps !_I[taa tos H___! tpH
Vog — ‘-—-:DL%
Dout Vo — ort : "H"or "L

NOTE: "TF" pin should be connected to Vyp level or open.
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NIBBLE MODE READ-WRITE CYCLE

t
RAS trp
Vig — N taR
Vi, —
tcsH
CNRMW
tCRP | tRCD tcas CNRSE
1
Vig — S
Cas cpast |\ /
Vi — T~
tASR € ASC TCaH| [tncp tNcas
o TR XSS X
A2 Y,
Vi, — ADD ADD /4
tRAD |tcwD |tc | twown —
t NOWL4
 _tawp AWD WE_ |tncwD SRR SNRWL
Vig — ‘
VRIS s \ca{/ \\.a// \Nc_/
Vi — . . tm
ho3] TH
Doy TIE T/ VALID / VALTD iz VALID
Wy — A DATA DATA DATA
tcac
S torH tNcac
traC
Vor VALID VALID VALID VALID
Dour _ DATA DATA DATA MTA
Von toLz -

Mgt gp LN

NOTE: "TF" pin should be connected to Vyj,. level or open.
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S ONLY REFRESH CYCLE

VIin
ViL

— VIH

AQ0~A8

Dout

ViL

Vik
ViL

Vor

CAS BEFORE

tRC

‘RP

tras

_ \

CCRP
"“‘f"‘

trrC

_ /

<7/

CRAH

I/ S S

NOTE: WRITE="H" or "L",

RAS REFRESH CYCLE

Dout

Vin
ViL

Vin
VIL

Vour

OPEN

Ag;'lHll or "L" s Nyt gp TN

tRC
tRP
. ‘Ras
— / trrc /
tceN tcsr tcHR
torFP
U |
OPEN
— /

NOTE: WRITE="H" or "L",

AO ’\‘A9=”H" or "Lll

"TF". pin should be connected to Vyj level or open, if "Test

Mode" is not used.
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Tras trp |

= =— =

= :z: _——\ tcas
/T =8 S,
(Dou'r ngz : tc—m@qmmn DAl'rA‘r —
el _////////////////ZZ/////// I\ vt
T o DS :‘“’ . [/////l/////////7/é
W/ X2y Y,
- e

S/ ‘\ ///i//////////////z

o I////////////////////////////////b( “L”Y///////////////i

NOTE: "TF" pin should be connected to Vyj level or open, if "Test Mode"
is not used.
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HIDDEN REFRESH CYCLE (READ)

m T N S /| Rv\ - FL
e 7 [ 1
s 75 7 100 //////////////////////////////////////g

Vo — -
WRITE /ﬁi:x:“/ _cac
Vi — L AA
)

H?*Z/////////////////////// 77
e

HIDDEN REFRESH CYCLE (WRITE)
I IR U
oA 1: :f t:*;‘z*‘ N\ - = /

o voe DL 7777777777777

TN
tos, | | tom ‘

e vee 1IN I

S N - E: wormw -
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APPLICATION INFORMATION

ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within
the TC511001P/J/Z are multiplexed onto the 10 address inputs and latched into the on-
chip address latches by externally applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 10 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed
internal clocks.

The two clock chains are linked together logically in such a way that the
address multiplexing operation is done outside of the critical path timing sequence
for read data access. The later events in the CAS clock sequence are inhibited
until the occurrence of a delayed signal derived from the RAS clock chain. This
"gated CAS" feature allows the CAS clock to be externally activated as soon as the
Row Address Hold Time specification (tpag) has been satisfied and the address inpute

have been changed from Row address to Column address information.

DATA INPUT/QUTPUT

Data to be wri£ten into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its:wmnegative transition is the strobe for the Data In(Dpy) register.
This permits several options in the write cycle timing. In a write cycle, if the
WRITE input is brought low(active) prior to CAS, the Dry is strobed by CAS and the
set-up and hold times are referenced to CAS. If the input data is not available at
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made is negative transition. In this ''delayed
write cycle" the data input set-up and hold times are referenced to the negative
edge of WRITE rather than CTAS. (To illustrate this feature, Dyy is referenced to
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles
while the "early write' cycle diagram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cycle by maintairing WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active(low). Data read from the selected cell will be avialable at the output

within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgyr) of the TC511001P/J/Z is the high
impedance (open circuit) state. This is to say, anytime TAS is at a high level, the
Doyt pin will be floating. The only time the output will turn on and contain either
a logic 0 or logic 1 is at access time during a read cycle. Doyr will remain valid

from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits.
The first of 4 bits is accessed in the usual manner with read data coming out at
tcac time. By keeping RAS low, CAS can be cycled up and then down, to read or write
the next three pages at high data rate (faster than tgag). Row and column addresses
need only be supplied for the first access of the cycles. From then on, the falling
edge of CAS will activate the next bit. After four bits have been accessed, the

next bit will be the same as the first bit accessed (wrap-around method).

(0, 0) —(0, 1) —(2, 0) —(1, 1)
B , ]

Address A9 determines the starting point of the circular 4 bits nibble. Row A9
and column A9 provide the two binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00 -+ 01 » 10 -+ 11
with A9 row being the least significant address.
A nibble cycle can be a read, write, or delayed write cycle. Any conbinations
of reads and writes or late writes will be allowed. In addition, the circular wrap-

around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory
cycle at each of the 512 row address (A0~ A8) within each 8 millisecond time
interval. Although any normal memory cycle will perform the refresh operatiom,

this function is most easily accomplished with "RAS-only" cycles.
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TCS511001P/J/Z offers an alternate
refresh method. If CAS is held on low for the specified period (tgsp) before
RAS goes to low, on chip refresh control clock generators and the refresh address
counter are enabled, and an internal refresh operation takes place. After the
refresh operation is performed, the refresh address counter is automatically in-

cremented in perparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC511001P/J/Z is that refresh cycles may be
performed while maintaining valid data at the output pin. This referred to as
Hidden Refresh. Hidden Refresh is performed by holding CAS at Vi, and taking
RAS high and after a specified precharge period (tgp), executing a CAS before

RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

= \_/ /S ST

DouT OPEN

/_
—>_____

7N

This feature allows a refresh cycle to be "hidden" among data cycles without

affecting the data availability.

—A119 —



TC511001P/J/2-85, TC511001 P/J/Z 10
Tc511001P/d/2-12

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC511001P/J/Z can be tested by CAS BEFORE
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the
internal counter address as row address and the input address as column address.

The test is perfbrmed after a minimum of 8 TAS before RAS cycles as ini-

tialization cycles. The test procedure is as follows.

@ write "0" into all the memory cells at normal write mode.

(@ select one cartain column address and read "O" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 512 times.

(@) Check "1" out of 512 bits at normal read mode, which was written at (2).

@ Using the same column as @, read "1" out and write "0" in each cell per-
forming CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 512 times.

() Check "O" out of 512 bits at normal read mode, which was written at ®.

® Perform the above (D) to (5) the complement data.
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144
words by 4-bits.

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks.

o For a good device, the output data of the four internal blocks are identical to the input data (all “H”
or all “L"”) and consequently the same data will appear on the output pin.

o For a bad device, the output data of one or more of the internal blocks will differ from the input
data and a high impedance state will be detected on the output pin.

Block Diagram in Test Mode

a — 5 NORMAL
An,am | 256K —0

BLOCK
— B
An, Am * T
' B | Neh

~__| An,Em 256K
___4__[_— BLOCK [— A
5 ,
———
Din {— : —————0
|- Afam c ———o NOEMAL " Dout
— [ 256K —0
BLOCK |— #\c_\-‘
¢ | TF
—_— D ENch
An,Am | 256K
BLOCK [
D

TF Pin = Super Voltage; Test Mode

TF Pin = Low Level or Hi-Z; Normal

Truth Table in Test Mode Function

A B o D Doyt
0 0 0 0 0
1 1 1 1 1
Gtherwise Hi-Z
Fig. 1
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED)
The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF”
pin for a specified period (tTES and tTEH as shown in figure 2) It can be used while operating in any mode,

including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time
for N2 patterns. The A9 address input is ignored during the “Test Mode”

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS or
TTL Logic Low Level, or left unconnected on the printed wiring board.

Viz — f'—
Vig —

Tas \
Vip —

- VIH( TF) — ;o
ViL - -

Fig.2 Test Mode Cycle
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OUTLINE DRAWINGS

» Plastic DIP
Unit in mm

18 17 16 15 14 13 12 11 10

e T s T s T s B s B s S e SO0 s

>
2 ] | 3
R10 K ~
Tl Cod  Cd S d d nad ——
1 2 3 4 5 6 7 8 9
\ 22.8MAX. | 7.62+025
’ z
-
'% = .
~
} gl 3
o
- Q
's]
0~15°
+01 :
Y L - 025-005
254=0.25 14015 o =
o =
05+015 L]
N

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position
with respect to No.l and No.1l8 leads.

All dimensions are in millimeters.

— A-123 —



TC511001P/J/2-85,
TC511001P/J/Z-12

TCS11001P/J/Z-10

Plastic SO0J

Unit in mm

1702 ~ 1727 09TYP,
2625 24 23 22 1817 18 15 14
fel= Tl 1 flalale
I o - -
. L o ~| ©
: ~ <« & @
! == 1
(=} o @ ©
INDEX DOT l o “l 2 =
\ ~ o o
|mgugupmpn T o o g —_ I
I 23 15 5 10 111213
0.66~0.76

T /1 7

3.55MAX.

0.38~0.48 1.27TYP.
95 ~99

Plastic ZIP

Unit in mm

26IMAX

T

33
wnu DOT 3
- e}
3| «
g
J r’§§
%]:
§ +007
azsT o0
G5£a1 ! 127 TYP. 127TYP
1 —
254TYP

Note:

Each lead pitch is 1.27mm.

All dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any
circuitry described; no circuit patent licenses are implied,
and Toshiba reserves the right, at any time without notice,
to change said circuitry.
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o ATt tatos | BIT DYNAMIC RAM TG511002P/J/2-85, TC511002P/J4/Z-10
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DESCRIPTION

The TC511002P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511002P/J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC511002P/J/Z to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic S0J and 20/19 pin plastic ZIP. The package
size provides system bit densities and is compatible with widely available automated test-
ing and insertion equipment. System oriented features include single power supply of
5V+£10% tolerance, direct interfacing capability with high performance logic families such
as Schottky TTL. "Test Mode" function is implemented from Revision C.

FEATURES
- 1,048,576 words by 1 bit organization + Low Power
+ Fast access time and cycle time 385mW MAX. Operating (TC511002P/J/Z-85)
~ 330mW MAX. Operating (TC511002P/J/Z-10)
TC511002F/J/2-85-10-12 275mW MAX. Operating (TC511002P/J/Z-12)
tpAC RAS Access Time 85ns  100ns  120mns 5.5mW MAX. Standby
Column Address - * Output unlatched at cycle end allows
FaA Access Time 45ns 20ns 60ns two~dimensional chip selecction
tCAC 9 T1 o5 2 30 * Common I/O capability
T cs Acce?s me ns Sns s * Read-Modify-Write, CS before RAS refresh,
RC Cycle Time 165ns  190ns  220ns RiS-only refresh, Hidden refresh, Static
tsc Static Column 50 55 65 Column Mode and Test ode capability.
Mode Cycle Time ns ns ns * All inputs and output TTL compatible
. Single power supply of 5V:l0% with a built-in °* 312 refresh cycles/8ms
V3R generator + Package Plastic DIP: TC511002P
Plastic SOJ: TC511002J
PIN COMMECTION (TOP VIEW) Plastic ZIP: TC511002Z
Plastic DIP Plastic S0J Plastic ZIP
1 hoeyy WEONGE = B BLOCK DIAGRAM
Foid Ras O3 T 51
TF Q4 .C. 1T FRITE
n.c. - \:3 ) —— { DATA IN Drn
A0 Q9 Y o 1 BSF‘;ER
Al Q10 No.2 CLOCK DouTt
AZ OQn .C.l9 T JENERATOR DATA OUT
vA3 l],g TP O BUPPER
ce —~{COLUMN
A0 o= 10 JADDRESS 10 COLUMN
PIN NAMES AL o—| BUFFERS (10) 1 —| DECODER
WA A2 0 REFRESH SENSZ AMP.
AQ VA9 |Address Inputs Asg: CONTROLLER L/0 GATING
RAS Row Address Strobe :;o_ AEPRESH Hzm
DIN Data In A6 O— COUNTER(9)
Doyt [Data Out A7 o 9] g
[} Chip Select Input A8 0 iggm:ss ‘ 2 ls10| MEMORY
WRITE |Read/Write Input 490 1BurrERS(10) |2 §§ ARRAY
Vee Power (+5V) f
Vss  |Ground w3 to.1 CLOCK
T GENERATOR
TF Test Function SUBSTRATE BIAS [=0 Vcg
N.C. |No Connection GENRRATCR |~ Vgg
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ABSCLUTE MAXIMUM RATINGS

— A-126 —

ITEM SYMBOL RATING UNITS NCTES
Input Voltage VIN =17 v 1
Test Function Input Voltage VIN(TF) -110.5 v 1
Output Voltage VOUT =17 v 1
Power Supply Voltage vee 17 v 1
Operating lemperature TOPR 0n~70 °C 1
Storage Temperature TSTG =55 150 °C 1
Soldering Temperature °* Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NCTES
vee Supply Voltage _ 4.5 5.0 5.5 v 2
VIH Input High Voltage 2.4 - 6.5 v 2
ViL Input Low Voltage ~1.0 - 0.8 v 2
VIH(TF) | Test Enable Input High Veltage Vcetb. 10.5 v 2
DC ELECTRICAL CHARACTERISTICS (Vcc=5:10%, Ta=0 ~70°C)
SYMBOL PARAMETER MIN.IMAX,] UNITSINOTES
OPERATING CURRENT TC511002B7/2-85| - 70 | mA
Icc1 |Average Power Supply Operating Current TC511002847,Z-10| - | 60 | mA 3,4
(RAS, CS, Address Cycling: tpc=tpc MIN.) 151100280 Z-12 - | 50 | ma
STANDBY CURRENT
Icca  |Power Supply Standby Current - 2| mA
(RES=CS=V1p)
TAS ONLY REFRESH CURRENT TC511002P1/5-85| - 70 mA
Icc3 |Average Power Supply Current, RAS Only Mode TC511002B/0/Z-10{ - 60 | mA 3
(RAS Cycling, CS=Viy: tpc=trc, MIN.) TCS110028/7,%-12 | - | 50 | mA
STATIC COLUMN MODE CURRENT TC51100227,2-85| = 50 mA
Iccs Average Power Supply Current, Static Column TC511002B7,/Z-10| = 40 | mA 3,4
Mode (RAS=CS=V11,, Address Cycling: tgc=tge MIN.)|Tcsu1002232-12] - | 30 | mA
STANDBY CURRENT
Iccs {Power Supply Standby Current - 1| mA
(RAS=C8=Vcc-0.2V)
CS BEFORE RAS REFRESH CURRENT TCS110028/7,7-85) - 70 mA
Icce |Average Power Supply Current, CS Before TC5110022/5/2-10] = 60 | ma 3
RaS Mode (RAS, CS Cycling: trc=tpc MIN.) TC5110028-2,2~12] - | 50 | mA
INPUT LEAKAGE CURRENT (any input except TF)
Iy(y) |Input Leakage Current, any input (0VgViyg6.5V, -10 ¢ 10 { pA
All Other Pins Not Under Test = 0V)
INPUT LEAKAGE CURRENT (only TF)
TITF W) (0VeVry(1p)20.8, ALL Other Pins Yot Under Test=0V) 101104 A
OUTPUT LEAKAGE CURRENT
T0) | (Doyr is disabled, OVEVOUTE+S.S5V) 10| 10 ua
Tree TEST FUNCTION INPUT CURRENT
TE | (vog+s.5V SViy(TF) £10.5V) -t mA
OUTPUT LEVEL
VoH Output "H" Level Voltage (Igyr=-5ma) 240 - v
OUTPUT LEVEL
You Output "L" Level Voltage (IpoUuT=4.2mA) - 0.4 v




T6511002P/J/Z-85, TC511002P/J/Z-10
TG511002P/J4/Z-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee=5V+10%, Ta=0 ~70°C)(Notes 5, 6, 7)

TC511002B-3/2-85 |TC511002B/7,/Z-10 |TC511002B/7,/7-12
SYMBOL PARAMETER UNIT|NOTES
MIN. MAX, MIN.| MAX. MIN. MAX.
Random Read Write Cycle
RC |pime e 165 - 190 - f220] - | ms
trWC | Read-Write Cycle Time 190 - 220 - 255 - ns
tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns
Static Column Mode Read Write
t - - -
SRWC Cycle Time 90 100 120 ns
tpac | Access Time from RAS - 85 - 100 - 120 ns } 8,13
tcac | Access Time from CS - 25 - 25 - 30 ns |8,13
Ean igg::stlme from Column _ 45 _ 50 ~ 60 as |8,14
tALW [Access Time from Last Write - 85 - 95 - 115 ns 8,15
tcLz | CS to Output in Low-2 5 - 5 - 5 - ns 18
toFF |Output Buffer Turn-off Delay 0 30 0 30 0 35 ns |9
¢ Output Data Hold Time from 5 _ 5 5
AOH | Column Address - - ns
Output Data Enable Time from
€ p o - 0 - o | - 35
ow WRITE 3 3 ns
Output Data Hold Time from
“WoH | GRTTE of - o - o - |oaus
tr Transition Time (Rise and Fall) 50 3 50 3 50 ns |7
tRP RAS Precharge Time | 70 - 80 - 90 - ~| ns _
LRAS RAS Pulse Width 85| 10,000 |100( 10,000 {120 10,000| ns
trase |2 Pulse Width 85 (100,000 | 100 [L00,000 |120 | 100,000| ns
(Static Column Mode)
tpgH | CS to RAS Hold Time 25 - 25 - 30 - ns
tCSH |RAS to CS Hold Time 85| - 100 - |120 - ns
tes CS Pulse Width 25| 10,C00 25| 10,000 30| 1C,000| ns
tegc | OS5 Pulse Widen 25 (100,000 | 25 [100,000 | 30 {1€0,000| ns
(Static Column Mode)
tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns |13
tpaD ﬁieto Column Address Delay 20 40 . 20 50 20 60 ns |14
tcRp |CS to RAS Precharge Time 10 - 10 - 10 - ns
CS Precharge Time < |
t - - -
cP (Stdatic Column Mode) 10 10 15 ns
€ASR |Row Address Set-Up Time 0 - 0 - 0 - ns
tRAH |Row Address Hold Time 15 - 15 - 15 - ns
tasc |Column Address. Set-Up Time 0 - 0 - 0 - ns
tcAH |Column Address Hold Time 20 - 20 - 25 - ns
t Write Address Hold Time - - _
AWR referenced to RAS 65 5 90 ns
t Column Address Hold Time
AR referenced to RA 100 - 115 - 140 - ns
t Column Address to RAS Lead -
RAL  |Time : 45 50 - 60 - ns
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- TC511002P/J/2-85, TGSIIUOZP/J/Z Ill
TC511002P/4/Z-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (continued)

TC5L10028/7,2-285 | TC511002B/7/2-10 | TCS11002B/7,2-12
SYMBOL PARAMETER - UNITS [NOTES
MIN. | MAX. MIN. MAX. | MIN. MAX.
t Column Address_Hold Time - _ = -
AH | ‘oferenced to RAS Rise 10 10 . ns 16
tcwl | Write Command to CS Lead Time 20 - 25 - 30 - ns
Last Write to Column Address ‘
t .
LWAD Delay Time 25 40 25 45 30 55 ns | 15
Last Write to Column Address
t - - -
AHLW] Hold Time , 85 95 115 ns
Read Command Set-Up Time
t ) - - -
RCS referenced to CS 0 0 0 ns
treH Read Command Hg}ﬁ Time 0 _ 0 - 0 _ ns 10
referenced to CS
Read Command Hold Time
t — - - -
RRH referenced to RAS 0 0 0 ns 10
t Write Command Hold Time .
WH | (Output Data Disable) 0 - 0 - 0 - ns | 12
tWCR Write Command Hold Time
referenced to RAS 65 - 75 - 90 = us
typ |Write Command Pulse Width 20 - 20 - 25 - ns
tywl |Write Command Inactive Time 10 - 10 - 15 - ns
CRWL | Write Command to RAS Lead Time| 290 - 25 - 30 - ns L
tps | Data-In Set-Up Time 0 - 0 - 0 - ns | 11
tpH | Data-In Hold Time 20 - 20 - 25 - ns .| 11
Data-In Hold Time )
EDHR |referenced to RAS 65 - 75 - 90 - ns
tREF | Refresh Period - 8 - 8 - 8 ms
Write Command Set-Up Time
t - - -
WS (Output Data Disable) 0 0 0 ns | 12
CS to. WRITE Delay Time
“CWD | (READ-WRITE CYCLE) 25 - 25 - 30 - ns | 12
RAS to WRITE Delay Time
t y - - 2 -
RWD (READ-WRITE CYCLE) 85 100 120 ns 12
t Column Address to WRITE
AWD Delay Time 45 - 50 - 60 - ns | 12
CS Set-U
FCsR (CssgefogeT;XS) 10 B 10 - 10 - ns
CS Hold Time
t
CHR | (TS before RAS) 30 - 30 - 30 - ns
tRPC RAS'Prec§arge to CS 0 _ 0 - 0 _ ns
Active Time
CS Precharge Time
t g - _
CPT (CS before RAS Counter Test) 50 30 60 = ns
tcpN | CS Precharge Time 15 - 15 - 20 _ ns
t Test Mode Enable Set-Up Time
TES referenced to RAS 0 - 0 - 0 - ns
t Test Mode Enable Hold Time _ _
TEH referenced to RAS 0 0 0 - s

#
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TC511002P/J/2-85, TC511002P/J/Z-10
T6511002P/d/2-12

CAPACITANCE (Vcg=5V:10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN, | MAX. | UNIT
C11 Input Capacitance (A0 ~A9, DIN) - 5
C12 Input Capacitance (RAS, CS, WRITE, TF) - 7 pF
Co Output Capacitance (Dgut) - 7

NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.

2. All voltages are referernced to Vgg.
Iccl, Icc3, Icc4, Icce depend on cycle rate.

4. Iccys Iccs depend on output loading. Specified values are obtained with the
output open.

5. An initial pause of 200 us is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved.
In case of using internal refresh counter, a minimum of 8 CS Before RAS intializa-
tion cycles instead of 8 RAS cycles are required.

6. AC measurements assume tT=5ns.
Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vip,.

8. Measured with a load equivalent to 2 TTL loads and 100pF.

9. topp(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

10. Either tgcy or tgpy must be satisfied for a read cycle.

11. These parameters are referenced to CS leading edge in early write cycles and to
WRITE leading edge in read-write cycles.

12. twys, tWH, tRWD, tCWD and tayp are not restrictive operating parameters. They are
included in the data sheet as electeical characteristics only. If tyg 2tyg(min.)
and tyg 2 tyg(min.), the cycle is an early write cycle and data out pin will remain
open circuit (high impedance) throughout the entire cycles; If tryp 2 trwD(min.),
tewp 2 teyp(min.) and tayp 2 tawp(min.), the cycle is a read-write cycle and the
data out will contain data read from the selected cell: If neither or the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

13. Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tpep
(max.) is specified as a reference point only: If trcp is greater than the spec-
ilied tgpcp(max.) limit, then access time is controlled by tcac.

14. Operation within the tpap(max.) limit insures that tgpc(max.) can be met.
tpap(max.) is specified as a reference point only: If tgpap is greater than the
specified tppp(max.) limit, then access time is controlled exclusively by taA-

15. Operation within the tpyap(max.) limit insures that tppy(max.) can be met. tryap
(max.) is specified as a reference point only: If tr,wAD 1s greater than the spec-
ified tpyap(max.) limit, then access time is controlled exclusively by taa.

16. tay is the condition to latch column address when RAS has rised up.
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TC511002P/J/2-85, Tcsnonzm/z 10

TG511002P/d/2-12

READ-WRITE CYCLE

AO~A9

WRITE

DIy

Dout

—— s U
g = e Y
Vig — ﬁEBE - tAsctRAL tCRP

v — tRCS : fes %

o T .., M=y

1

T

Vox —_—

Crac

tcac

taa

twoH

tAOH tOFF

VoL —

NOTE:

e NII——

ternz

‘ "THigptL!
4

"TF" pin should be connected to Vyp level or open, if "Test Mode"

is not used.
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TIMING WAVEFORMS

READ CYCLE

RAaS

AQO~A9

Doyt

TC511002P/J/Z-85, TC511002P/J/2-10
T6511002P/d/2-12

AQ~A9

WRITE

Dout

:iz :—-_-‘\ - CcsH .

:i}: : A ROW ADDRESS : COLUMN ADDRESS ////// ////A
-7 S——
e | UL

WRITE CYCLE (EARLY WRITE) | .
T, s ;
gt/ = 1, S U
Ef.ciP. tRAD tasc ca CrsH tcap
L :_/T CrCD = /
‘////l///////f//]//]/% == =T
o —//////////////////////// vava saxs WO/ TTTTT T

VoH —

CDHR

l

VoL —

NOTE:

OPEN

Hllor”L"

"TF" pin should be connected to Vi level or open, if "Test Mode"

is not used.
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- TC511002P/J/2-85, T0511002PIJ/Z-10
- TG511002P/d/2-12

STATIC COLUMN MODE READ CYCLE

tRp |
=g VIE -——"—’\ trasc /= X
Vi, —
LaSR YRAH, tsc tsc , tRAL Al
v | g
IH — ROW COLUMN COLUMN i COLUMN
A0~AS _@{wmmss' ADDRESS AD0RESS ADDRESS /
b s
CRAD tasc tcnp_i
) t
taR tcr | BSH
1
. Vvig — tcs tcs
s Res ‘ ~——-J/ UREH
L~ t R t '
RCD tesH ‘_"EC_HI trcs trcH
il
I —
e 2 =777 el | L [N o s o
OF
| _taa LOFT teac
tRAC CAOH
Vog — ALID VALID VALID
ouT 4 ATA DATA DATA
OL tonz l 1 torz ]
7
STATIC COLUMN MODE wrRITE CYCLE (EARLY WRITE)
— VI — T \ trasc | N
Vip, —
tASR CrAH ] tcag toaL
Vig — ROW OLUMN COLUMN COLUMN
A0~A9 vy — ADDRESS // ADDRESS ADDEESS ADDEESS // // / 7 "/
tAWR tcp | tssH
t
tRaD _[tesc i o l°CRP
v tos ~
ﬁ IH — --’
vip — tRCD
tsc tOWL
{ | tws
| tws agh CRWL
|
v —_— t
FRITD VIH _ - e 422225 /
IL CDHR i
s oy .
Vig — VALID VALID VALID
DIy Vﬁf I R DATA WATA X
Voy —
Doyt oH _ OPEN
VoL

NOTE:

Mode" is not used.

: "H"OI‘"L"
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"TF" pin should be connected to Vi level or opem, if "Test



STATIC COLUMN MODE READ-WRITE CYCLE

TG511002P/J/2-85, TC511002P/J/Z-10
TC511002P/J/2-12

trp |
s Vg ——"ﬂ\ Crasc ZF—_—”\—
v — CRAL
IL CASH TRAH tcaH l CIWL l
s V5 N R T R I
{ECRP
cs Xii : TRCS I /
- tAwWD , LWL
ERWD tawD
mrrs T /////////L//////// N N/
t]CD trg UDH
| T
owa 2 I IR B K7 K 5882 XU
TgaC ‘ tWO_Ii . Taa |
. Caa ' 'CAOHL tow —
C -
Vo — ' - = ! -
Doyt Vor — - |\g VALID DATA X/// VALID DATA m//‘)——
P4 .
STATIC COLUMN MODE READ/WRITE MIXED CYCLE
me V1E
Vi, —
p— i . { —— -
Il W T e Y SRt X
tasc Ccaly l
Vig ——-EEC—I : - _SwAD
T — T CAHLW
Vin — -
RITT ZIH _ towD \*—cﬁ——i !
L tps o ‘ I Caa ]
/N RS YA,
[tcac ! tow CA0H
taa CAOH | CALW
Doyt ;gi — — %@ %ﬁ%ﬁf’w / INVALID DATA ////MISQ#IAD ‘ 7
(READ) \ (WRITE) ' (z2aD) .
| i i

: hor 1l
NOTE: "TF" pin should be connected to Vyp level or open, if 'Test Mode"
is not used.
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* T6511002P/J/Z-85, TGSIIUDZP/J/Z Iﬂ
- TC511002P/d/Z-12

RAS ONLY REFRESH CYCLE

CRC
LRP
—_— Vg — \ tras | N
RAS 1
VIL — ) 1
TcrRP | - | typc
_ Vig — )
cs \ /
Vi — /
CASR | CRAH
| |
Vig —
so~ss IRz sseezssOL T
{ 1
Vo — 2
D =
foliny Vo, — OPEN
NOTE: WRITE="H" or "L", A9="H" or "L" [: rwrorrr -
CS BEFORE RAS REFRESH CYCLE
tre
tRp
Vg —
=g VIH . Ras
Vi, ——/| ctrpc
CCPN tosm toHR
Vig —
CS / /
Vi —
‘COFF
Von — \ oP=N

Doyt !
VoL — —_—

NOTE: WRITE="H" or "L'", AOQ v~A9="H" or "L"

"TF" pin should be connected to Vyy level or open, if "Test
Mode'" is not used.
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HIDDEN REFRESH CYCLE (READ)

tRC

TG511002P/J/2-85, TC511002P/J4/Z-10
TC511002P/J/2-12

‘re

tgp URP—i
T 2t ' — JZ;’\_
w T e N V |
/) 3 [ e X Mz/z/////////W Y,
e v S e
‘ L tRAC | . COFF
Doyt ;zi : ’ ‘JcLz!! VALID DATA l}
HIDDEN REFRESH CYCLE (WRITE)
R (N g
T :z: : .' EP.AH = / -
TASR, CP:SDC¥ 1 ":CAH '
:;: - ‘ ,AD,D W////////////////////// 77777777777
Tys |
weres v/// AL "V
1 _7//////// S Xy

NOTE:

"H'or"L"

"TF" pin should be connected to Vyp level or open, if "Test
Mode" is not used.
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 TC511002/4/2:85, TC511002P/4/2-10 s

~ TC511002P/Jd/Z-12

CS_BEFORE RAS REFRESH COUNTER TEST CYCLE

w ' e |
tcSR TCHR ! t —
°s :ii — ' tage X = / taH
romao | Z’///////// LIIIIIIR. coums_soomass
READ CYCLE tA: - g—I
( Dourt Vou : VALID DATA
tacs; teLz | ] *Rax
T /e I\
WRITE CYCLE tasc tcal
T 1 7 X s X T,
w5 =TT ‘WP i,

« o i

1 |
vasto Dl

READ—WRITE CYCLE c/ c J !:c_“i
w5 7T oum semzss 70700
Bout 4o — — ", VALCI:W;ATA>
S/ N T,
) L

S A S A,

NOTE: "TF" pin should be connected to Vi level or open, if '"Test
Mode" is not used.
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TG511002P/J/Z-85, TC511002P/J/2-10
TG511002P/J/Z-12

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144

words

by 4-bits.

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks.

o For a good device, the output data of the four internal blocks are identical to the input data (all “H”
or all “L”} and consequently the same data will appear on the output pin.

o For a bad device, the output data of one or more of the internal blocks will differ from the input
data and a high impedance state will be detected on the output pin.

Block Diagram in Test Mode

i

An, Am
———————0
—————0
A —_—0
256K 5
BLOCK
Iy
256K
BLOCK =
B o An, Am
—————0
c — Dout
[————0 NOEMAL
256K ——0
BLOCK [— >
c TF
D ENch
256K .
BLOCK :—-—1
D
TF Pin = Super voltage; Test Mode
TF Pin = Low level or Hi-Z; Normal

Truth Table in Test Mode Function

A B C D Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-Z
Fig. 1
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~ TC511002P/J/2-85, TGSI IDBZP/ J/ Z-l 0
~ TC511002P/J/Z-12

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED)

The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the “TF”
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode,
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time
for N2 patterns. The A9 address input is ignored during the “Test Mode”

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS or
TTL Logic Low Level, or left unconnected on the printed wiring board.

. J— fm—————
= =TT\ /
: VIL —

.VIH ——
Tas
Vi — .
TTEs bgoi:s
v —
i —
- IH(TF) i X
VIL ——

ig.2 Test Mode Cycle
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T6311002P/J/Z-85, TC511002P/J/Z-10
TC511002P/J/Z-12

OUTLINE DRAWINGS

Plastic DIP

18 17 16 15 14 13 12 11 10

T e T s O e B s B s B e Y . B

T
5.0MAX.|

S :
R10 ) 2
T bmed Cmmad | Cd bed Eeed bmed Ceed L
1 2 3 4 5 6 7 8 9
. 228MAX.
| Z
-
E jg__:
-
'e]
Q
. yY—V Vv —v
254£0.25 14015 @l 2
5] =
051015 0
N
Note: Each lead pitch is 2.54mm.

Unit in mm

7.62+025

0~15°

+0.1
025-005

All leads are located within 0.25mm of

their true longitudinal position with respect to No.l and No.1l8 leads.

All dimensions are in millimeters.
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TE511002P/J/Z- 85, TGS]IOOZP/J/Z Iﬂ

- TC511002P/d/Z-12

Plastic SOJ

1702 ~ 1727

26 25 24 23 22 18 17 16 15 14
noonm o B Won o & e
-«
' &
&
!
o
INDEX DOT e
i
e g o gy | L 0 g g
123 45 9 101112 13

0.66~076

i i1
0.38~048 127TYP.
95 ~ 9.9

Plastic ZIP

[

263MAX

Unit in mm

0.9TYP,

12~46
648~ 711
838 ~864

Unit in mm

P

INDEX DOT

=

1Q16MAX
85+02

Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.

JOMIN |
\
i V4

025397

127TYP

254TYP

Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba

reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA MOS MEMORY PRODUCT

SLcON GatE OO e PA TC514256P/J/2-85, TC514256P/J/2-10
DESCRIPTION TG5I4256P/J/Z'|2

The TC514256P/J/Z is the new generation dynamic RAM organized 262,144 words by 4
bit. The TC514256P/J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to provide wide operating margins, both internally and to
the system user. Multiplexed address inputs permit the TC514256P/J/Z to be packaged in a
standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The
package size provides high system bit densities and 1is compatible with widely available
automated testing and insertion equipment. System oriented features include single power
supply of 5V+10% tolerance, direct interfacing capability with high performance logic
families such as Schottky TTL.

FEATURES
* 262,144 words by 4 bit organization * Low Power
« Fast access time and cycle time 413mW MAX. Operating(TC514256P/J/2-85)
TITH 358mW MAX. Operating(TC514256P/J/Z-10)
TC514256P/3/2-85-10-12 303mW MAX. Operating(TC514256P/J/Z-12)
tRAC RAS Access Time 85ns 100ns 120ns 5.5mW MAX. Standby
tan gzizzg %gg;ess 45ns  S5O0ms  60ms ¢ OQutput unlatched at cycle end allows

two-dimensional chip selection

+ Read-Modify-Write, CAS before RAS

t 30 30 35

cac_ CAS ACC?SS Time ns ns ns refresh, RAS-only refresh, Hidden

ERC  Cycle Time 165ns 190ns 220ns refresh, and Fast Page Mode capability
t Fast Page Mode * All inputs and outputs TTL compatible
PC Cycle Time >0ns 33ns 70ns * 512 refresh cycles/8ms

* Package Plastic DIP: TC514256P
Plastic SOJ: TC514256J
Plastic ZIP: TC514256Z

BLOCK DIAGRAM

* Single power supply of 5V:107 with a built-
in Vpp generator

PIN CONNECTIOMN (TOP VIEW)

Plastic DIP Plastic SOJ Plastic Z1P
- 1/01 L/02 L3 104
1/03 T Veo Vss
v 3 1/04 '[
83 = 8] 101 o

BUFFER BUFFER

DATA nq lmm ouT —

IS

3
e g ]
A0 |1
:1'.1:{ 12fAl !
AR v 22
2 el as
Veo RS -
E:3 16| At COLUMN N coLumy
AS 7 ol A6 AQ O~ 9 Am)mzsszq ) 3 A DECODER
' a7 o0 A Al o— BUFFLR
PIN NAMES 12 2 e Az o—) SENSE AMP [y
A0~ A8 Address Inputs A3 0— L1/D 0ATS
RAS Row Address Strobe :; s12--
4
Cas Column Address Strobe A8 O—= X
WRITE |Read/Write Input A7 O ROW N MEMORY
0E Output Enable A8 0—= 5| ADDRESS 512 1=Q) .0 ARBAY
1/01 ~1/04| Data Input/Output BUFFER B) S8 ] s1axsizxe
a
V'] Power (+5V —
VCC (+5V) ] No.1l CLOCK
SS Ground QENERATOR
N.C. No Connection SUBSTRATE BiAS
SENERATOR
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- TC514256P/J/2-85, T(:5|4256P/J/Z -10

ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage | vIn -1~ 7 \4 1
Qutput Voltage vouT -1~7 - \'2 1
Power Supply Voltage Vee =1 A7 v 1
Operating Temperature ToPR 0~ 70 °C 1
Storage Temperature TsTG -55 ~ 150 °C 1
Soldering Temperature « Time TSOLDER 260 « 10 °C « sec 1
Power Dissipation PDp 600 mW 1
Short Circuit Output Current Ioyt 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
vee Supply Voltage 4,5 5.0 5.5 \4 2
VIn Input High Voltage 2.4 - 6.5 \ 2
V1L, Input Low Voltage ~-1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vge=5V+10%, Ta=070°C)
SYMBOL PARAMETER MIN.|MAX.{UNITS NOTE%_
OPERATING CURRENT TC514256R 7285 - |75
Iccl |[Average Power Supply Operating Current TC514256B/3/2-10| - | 65 mA | 3,4
(RAS, CAS, Address Cycling: tRC=tRC MIN.) 5142560212 | - | 55
STANDBY CURRENT )
Icc2 |Power Supply Standby Current - 2 mA
(RAS=CAS=V1R) ,
RAS ONLY REFRESH CURRENT TC514256202-85| - |75
Icc3 |[Average Power Supply Current, RAS Only Mode |rcsiazsepdz-10| — | 65 mA 3
(RAS Cycling, CAS=Vyy: trc=trc MIN.) Tcs14256R0,2-12| - | 55
FAST PAGE MODE CURRENT TC514256E/7/2-85) ~ | 55
Icch |Average Power Supply Current, Fast Page Mode |rcsiaesepdz-10| = | 45 mA | 3,4
(RAS=VIL,CAS,Address Cycling: tpc=pc MIN.) TC514256D02-12] - | 35
STANDBY CURRENT
Icc5 |Power Supply Standby Current - 1 mA
(RAS=CAS=V((-0.2V)
CAS BEFORE RAS REFRESH CURRENT TC514R56R/0/2-85| - 175
Icc6 |Average Power Supply Current, CAS Before TCs14256BT2-10] - | 65 mA 3
RAS Mode (RAS, CAS Cycling: tRC=RC MIN.) TC514256R/7,/2~12| - 55
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input (0VeVps6.5V, All -10 { 10 LA
Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT '
Io(L) (Doyt is disabled, OV £ Vour £ Vo) -10 |10 HA
v OUTPUT LEVEL 2.4 _ v
OH  |output "H" Level VOLTAGE (IgyT=-5mA) )
v OUTPUT LEVEL = lo.al v
OL  Joutput "L" Level VOLTAGE (Igyr=4.2mA) ’
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TC514256P/J/2-85, TC514256P/J/Z2-10
TC514256P/J/Z2-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee=5V+10%Z, Ta=0 ~70°C) (Notes 5, 6,7)
CcC

TC514256B/J/Z | TC5142568/7/Z |TCS514256ER/7/2
SYMBOL PARAMETER ~8% ~10 -1z UNIT |NOTES
MIN.| MAX, |MIN.| MAX. |MIN.| MAX,

tre Random Read or Write Cycle Time | 165 - 190 - 220 - ns

tRMW |Read-Modify-Write Cycle Time 225 - 255 - 295 - ns

tec Fast Page Mode Cycle Time 50 - 55 - 70 - ns

toRMW g;iiePgigeMode Read-Modify-Write 110 _ 115 - 140 _ ns

tRAC |Access Time from RAS - 85 - 100 - 120 ns |8,13
tCAC |[Access Time from CAS - 30 - 30 - 35 ns | 8,13
taa Access Tire from Column Address | - 45 - 50 - 60 ns | 8,14
tcpA |Access Time from CAS Precharge - 45 - 50 65 ns | 8,14
tcrz |CAS to output in Low-2 5 - 5 - 5 - ns 5
toFF |Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9
tp Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7
trp RAS Precharge Time 70 - 80 - 90 - ns

tras RAS Pulse Width 85| 10,000(100 | 10,000{120 { 10,000{ ns

tRASP (RAS Pulse Width (Fast Page Mode)| 85 {100,000{100 [100,000{120 | 100,000] ns

tpsy |RAS Hold Time 30 - 30 - 351 - ns

tpsH |CAS Hold Time 85 - 100 - 120 - ns

tcas |CAS Pulse Width 30| 10,000| 30 | 10,000/ 35| 10,000{ ns

tRCD |{RAS to CTAS Delay Time 25 55 | 25 70 | 25| 85 ns |13
tRAD |RAS to Column Address Delay Time| 20 40 20 50 20 60 ns |14
tcRp |CAS to RAS Precharge Time 10 - 10 - 10 - ns

tcpN  |CAS Precharge Time 15 - 15 - 20 - ns

tép CAS Precharge Time 10 _ 10 _ 15 _ s

(Fast Page Mode)

tASR |Row Address Set-Up Time 0 - 0 - 0 - ns

tRAH [Row Address Hold Time 15 - 15 - 15 - ns

tasc |Column Address Set-Up Time 0 - 0 - 0 - ns

tcaH |Column Address Hold Time 20 - 20 25 - ns

cw |opem M eli e T s | e - [

tRAL |Column Address to RAS Lead Time | 45 - 50 - 60 - ns

tRCS |[Read Command Set-Up Time 0 - 0 - 0 - ns |10
trRcH |Read Command Hold Time 0 - 0 - 0 - ns 10




T0514256P/J/Z -85, T0514256P/J/Z 10
- TC514256P/J/Z-12

TC514256P/J/Z [TC514256B/7/Z [TC514256 /7.2
SYMBOL PARAMETER =85 —19 12 UNIT | NOTES
' MIN. MAX. | MIN. | MAX. MIN. | MAX.
t Read Command Hold Time
RRH | reoferenced to RAS 0 = 0 - 0 = ns 10
tWCH | Write Command Hold Time 20 - 20 - 25 - ns
t Write Command Hold Time
WCR | eferenced to RAS 65 - 75 - 90 - ns
tup Write Command Pulse Width 20 - 20 - " 25 - ns
tpyr | Write Command to RAS Lead Time | 20 - 25 - 30 - ns
towl | Write Command to CAS Lead Time | 20 - 25 - 30 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 11
tDH Data Hold Time 20 - 20 - 25 - ns 11
Data Hold Time Referenced
t _ - -
DHR | 4o RAS 65 75 90 ns
tREF | Refresh Period - 8 - 8 - 8 ms
twcs | Write Command Set-Up Time 0 - 0 - 0 - ns 12
tCWD CAS to WRITE Delay Time 65 - 65 - 75 - ns 12
tgwp | RAS to WRITE Delay Time 120 - |a3s - | 160 - | ns | 12
t Column Address to WRITE ‘
AWD | pelay Time 80 - 85 - 100 - ns 12
CAS Set-Up Time (CAS before .-
t - - -
CSR | R&S cycle) 10 10 10 ns
. CAS Hold Time (CAS before RAS
t
CHR | cyele) 30 | - (30 | - [ 3| - |ns
tRPC | RAS to CAS Precharge Time 0 - 0 - 0 - ns
t CAS Precharge Time (CAS before
CPT RAS Counter Test Cycle) 50 - 30 - 60 - ns
tRoH | RAS Hold Time Referenced to OE | 20 - - 20 - 20 - ns
toEA | OE Access Time - 25 - 25 - 30 ns
toEp | OE to Data Delay 25 - 25 - 30 - ns
Output buffer turn off Delay y
t
0OEZ Time from OF v 0 25 0 25 0 30 ns
toEH | OE Command Hold Time 25 - 25 - 30 - ns
CAPACITANCE (vgc =5V+10%, f=1MHz, Ta=0 ~70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (AQ - AS8) - 5 pF
C12 Input Capacitance (RAS,CAS,WRITE,OE) - 7 - pF
Co Output Capacitance (I/07 - I/04) - 7 pF
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NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings' May cause
permanent damage to the device.

2. All voltage are reference to Vgg.

3. Iccl, Ice3, Icchd, Icchd depend on cycle rate.

4, 1Iccl, Icch depend on output loading. Specified value are obtained with the output
open.

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles
before proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS
cycles are required.

6. AC measurements assume tp=5ns.

7. Vig(min.) and Vi (max.) are reference levels for measuring timing of input signals.
Also, transition times are measured between Vg and Vyj,.

8. Measurement with a load equivalent to 2 TTL loads and 100pF.

9. torr(max.) and tgpz(max.) define the time at which the output achieves the open
circuit condition and is not referenced to output voltage levels.

10. Either tgcy or tpgy must be satisfied for a read cycle.

11. These parameters are referenced to CAS leading edge in early write cycles and to
WRITE leading edge in read-modify-write cycles.

12. tycs, trwps tgyp and tpayp are not restrictive operating parameters. They are
included the data sheet as electrical characteristics only. If tycg2tycg(min.)
the cycle is an early write cycle and data out pin will remain open cidedic (high
impedance) through the entire cycle; If tpyp2tgyp(min.), teypztcyp(min.) and
tawpztawp(min.), the cycle is a read-modify-write cycle and data out will contain
data read from the selected cell: 1If neither of the above sets of conditions is
satisfied, the condition of the data out (at access time) is indeterminate.

13. Operation within the tpep(max.) limit insures that tpac(max.) can be met.
tpep(max.) is specified as a reference point only: If tpep is greater than the
specified tpep(max.) limit, then access time is controlled by tcac.

14. Operation within the tpap(max.) limit insures that tpac(max.) can be met.

T6514256P/J/2-85, TC514256P/J/2-10
TG514256P/J/Z-12

tpap(max.) is specified as a reference point only: If tgap is greater than the
specified tgap(max.) limit, then access time is controlled by tpa.
/
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~ TC514256P/J/2-85, T(:5|4256P/J/z 10
- TC514256P/9/z12

READ CYCLE

A | N a—

o p’_r&r;_ tRCD :RSH tCRP
TAS V?:, — /r RAD \l! CAS / : /

v ‘tASR E&HASC toal .
RS/ P55 o MM(
s/ R
o :Z /YY) e W Vi ////////Li/_//////////////j/////z
1,/01~1,/04 Zzz : OPEN tors i VALID DATA-OUT

S
WRITE CYCLE (EARLY WRITE)

T T 2
_— {LcRE | tRcD tRSH e CcRP

TAS Vi — tRAH U tcag / /l"

oos o :anmss N m TTITIITIX

wErTE :: LI = T

oz o T, //////// Y,

1/01~1,/04 Z: : WALID DATA-IN)- OPEN
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WRITE CYCLE (OE CONTROLLED WRITE)

AO0~AB

WRITE

OE

1/01~1,/04 1B —

Vig —
Vip —

Vig — -
Vi, —

VI —
vip —

T6514256P/J/7-85, TG514256P/J/Z-10
TG514256P/J/Z-12

tRC

tRAS | tRP
- \
tcsH
f.‘&‘ tRrCD TRSH i TCRP
—\ tcas
tRAD \ /r
T
RAL
CASR thqﬂ tascl TcaH
ROW COLUMN
DDRESS ADDRESS

‘=c

Vig —
Vip —

T,

-————4///// T

Vi —/zzzzzzwmzzz;,

Vi —

Vi, —

_—

READ-MODIFY-WRITE CYCLE

Q
>
W

AQ~AS8

WRITE

0E

I/01~1/04

LoED

[Fom
N

tp§ tPH

VALID DATA~IN

i

:IIHHOrIIL"

CRMW
tRras tR
Vg — ———— tar Z#:::E:
Vi[ — \
" tcsH
tRAR] tRCD tRSH tcrp|
] \ 7
tASR| RAH tasc| toan |
VIR — ROW COLUMN W——
vip — DDRES ADDRESS
TAWD tomr |
TRAD towp
LRWD LRWL
N |
Vi — tan /T
Vig — EA
ves I, //Z//////////////bf, toeD
tc
tRAC B “0EZ m tpH
VI/OH — 7% VALID ALID
vVi/0oL — Y ATA-QUT, DATA IN

tenz

— A147 —



 TC514256P/d/Z-12

~ TC514256P/J/-85, TG5I4256P/J/Z-10

FAST PAGE MODE READ CYCLE

TrRASP tRP
TV e Vin  ——— taR
ViL — tro
t
L@; tRCD t v 2EH tCRH
X VIH.: tRAD \\ tcasg .t —% Tcas /
L tosH | tRAL
‘ tasg | B toan Fasc| [toay tasc| | tcan
AQ~A8 Vig — 1% COLUMN COLUMN COLUMN
v — ADD 4 |_ADDRESS ADDRESS ADDRESS
- |mgel) | tmealyllfmes ) |plcees cec
R/ N T A R A 2 R
ToEA ] toEa . ToEA
= R _/////// A R R A R A,
_tRac |.CCAC EEEF toac lﬁgp teac L_ torp
torz torg toL toRzZ “CL toEz
1/01~1/04 VOH — 7 VALID VALID % VALID
Vor, — Y/ /\ paTa-out DATA-OUT DATA-OUT

arorL!

FAST PAGE MODE WRITE CYCLE

) tRASP 1.IRP
RAS VIH _— ’\ tAR
Vi — e — | S
. tPC
tCRP ERSH torp
tRCD tep |
AT ViH — X\”czxs / toas f ’\ toas -
vip — tesu
TRAH L TRAL
. taS tasg toag Fésg. toa tasg] | foal
\ —_— ey
A0 ~A8 IH ROW COLUMN COLUMN COLUMN
Vi — ADD m ADDRESS mannaass ADDRESS X/// //////)(
towL
tRAD tewn l ¢ t
~ tyes CWL wes tRWL
twcs tWCH TWCH twcH
VIH —
o e e
' Vi, — - - 4
'tOEH _1 YoEH 1OEH
v —_ — /L e
Vip — .
L tDHR tomD
tos tDH , tps| | tpy tps| | ™
1,/01~1/04¢ VALID VALID VALID
—/ DAAEIDy Ny N ool
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TC514256P/J/Z-85, T6514256P/J4/Z-10 .
TC514256P/4/2-12

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

—— LRASP
R’ VIH \
Vin —_— tRP
tosH
TPRMW TRSH
tRCD toas tcp -~ |—__|tcrP
Vi — — tcas tcas —————
7 trap\\ 4 N \
o= TRAH
CRAL
. s . |
ASR, | | fiasc CAH tasc| [LCAL tase) ||ty
Ao~ag TH  — OW\AF coL coL coL
Vi, — ADD) ADD ADD ADD
CRWD towp FRWL_!
tRCs teowdp tCwL towL tewp TCWL
. — o
e ViL [My " AWD :_( ~AWD r__( ©AWD ~\_(
taa twp twp
toEA I toRA [ tora v
JE— Vig —_
OE /
Vio —_ ‘/cOE tcPa ' L/ . topal| LthZD
OE
teag “cac I 2 tcac
fopz [o{"AA t ! “oEZ
$ tQEZ AA
tRAC tDs t tDS
3 tDS N
tpH tpH D
1/0 H— 3
/g 1 vi/o r——————— IN }—— IN >__ IN
1/04 VI/OL —
tcrz ouUT torz|| ot tcrLz ouT
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TC514256P/J/2-85, TG5I4256P/J/Z-IU
TC514256P/4/2-12

RAS ONLY REFRESH CYCLE

|

Q|
>
o)

AQ~AB

CAS BEFORE RAS

I/01~1/04 v

tRC
tRP
e —
Vin tRag vy
VIL — 1
toRP tREC
Vig —
Vin — \ /
LASR CRAH

i = d row '\
v \ ADDRESS

L — -

Note WRITE, OE :"H"or"L"

REFRESH CYCLE

:llHllorllLVI

tRC
trp tRP
Vig — \ tRAS /
Vg, — tRPC trpC
LCPN | [fOFF tCHR 2 tePN
— \ /
ViL —
CoFp
—
VoH ——3
- OPEN

Note:

WRITE, OE, AO ~A8:"H'or"L"
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TC514256P/J/2-85, TC514256P/J/Z-10

TG514256P/J4/2-12
HIDDEN REFRESH CYCLE (READ)
. tRC tre
tRAS tRp tRp

RAs Vg = L. tAR Z \ TRAS -} \

Vi, — 3 3

tcRP tRreD tRSH toHR tcrp

Vig —
CAT
o Vi, — tRAD \\ Z

tasc
TASR TRAH toAH

SR €31 2
T T
S [T,

WRITE

toAC LOFF
t
cL
. tRAC '_‘?l LOEZ
Vo — .
1/01~1,/04 @< VALID DATA-OUT }-
VoL, —

2"H"Or"L"
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- TC514256P/J/Z-85, TG5I4256|’/J/ 10

, T0514256P/J/ZIZ L

HIDDEN REFRESH CYCLE (WRITE)

_ Zz-——j :i;cn \\ = | toHR f,_ tc
'Zjﬁtm w@ ”‘:: X

/i 4

N/ //{/7/// ///[{/////////////ﬂ//////////////77//////////////////////

1], 2
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TC514256P/J/Z-85, TC514256P/J/2-10
TC514256P/J/Z2-12

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

’ tRP
vig — trAS
8 —
tCPT | tRSH
Vig — tesR TCHR t
TAS \ CAs / ﬂ
Vip — !

tRAL

tasc tcaH

S/ ==

(e vii'7//7//////////////////7////f — UL
™ N JTI
\I/ 01~1/04 :Z}:, :—-———- OPEN VALID DATA-O UTOEZ Z_—_

s /I *——'1/7/////Z// i
= o _/////////////////////////////// M//////////////////////////////////7//1

Vi — i '
1/01~1/04

OPEN VALID DATA-IN )=
N ViL— towl
t
READ-MODIFY-WRITE CYCLE AHD CRWL
LRcs TCWD

L T Je N7/
o A Y

Vi/oH
VALID K
1,/01~1/04 z AAAAA IN
VI/OL""' 7L 4
- VALID DATA-OUT
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TC514256P/J/2-85, TC514256P/J/- 10
T6514236P/J/Z-12 ‘

OUTLINE DRAWINGS

« Plastic DIP

Unit in mm
2019 18 17 16 15 .14 13 12 11
o B ame B s B e v I s 2 e O o O o M 0
e
RLO t 3
| S0y D R [ s s G S s g
1 2 3 4 5 6 7 8 9 10
247MAX 7.62£0.25
=
—— E
2 o
v L S
- —
-~
=
0
o i 0.257 91
|[051045 , 2544025 005
"l1azoas :
Note: Each lead pitch is 2.54mm.

All leads are located within 0.25mm of their true longitudinal
position with respect to No.l and No.20 leads.

-+All dimensions are in millimeters.
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TC514256P/J/2-85, TC514256P/J/Z-10
TC514256P/4/2-12

* Plastic SOJ

1702 ~ 1727 0.9TYP.
26 25 24 23 22 18 17 161514 I

( Ao n fam l ow B o W o

INDEX DOT

42~ 46
648~ 711
838 ~864

7.50~774
.

\

| S0 [ 0 N O g B |
1 2 3 4 5

o[
sl
e
=0
&l

l

0.66~0.76

B55MAX.

Q38~048" l

Note: Each lead pitch 1.27mm.

All dimensions are in millimeters.
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- TC514256P/J/Z-85, 'rc514zssp/.|/z-m
- TC514256P/J/2-12 ~

* Plastic ZIP
Unit in mm

263MAX —i Fa_},%

N |

~
(=]
INDEX DOT % H
-l
ol o
{ ~
: s\.,/
m AN
ﬂ ]
[3 +Q07
‘ I g S Q25 _ Q05
Q5+£01 ! 127 TYP. 127TYP
254TYP

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba

reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA MOS MEMORY PRODUCT

262,144 WWORDS X 4 BIT DYNAMIC RAM TC514258P/J/2-85, TC514258P/J/Z-10
TC514258P/J/2-12
DESCRIPTION

The TC514258P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 bit.
The TC514258P/J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well as ad-
vanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC514258P/J/Z to be packaged in a
standard 20 pin plastic DIP and 20/26 pin plastic SOJ and 20/19 pin plastic ZIP. The
package size provides high system bit densities and is compatible with widely available
automated testing and insertion equipment. System oriented features include single power
supply of 5V+107% tolerance, direct interfacing capability with high performance logic
families such as Schottky TTL.

FEATURES
+ 262,144 words by 4 bit organization + Low Power
+ Fast access time and cycle time 413mW MAX. Operating (TC514258P/J/Z-85)
358mW MAX. Operating (TC514258P/J/Z-10)
TC514258P/1/2-85-10-12 303mW MAX. Operating (TC514258P/J/Z-12)
ERAC RAS Access Time 85ns 1lCOns 120mns 5.5mW MAX. Standby
Column Address * Outputs unlatched at cycle end allows
AR fccess Time 45ns  SOns  60ns two-dimensional chip selection
— - + Read-Modify-Write, CS before RAS refresh
t : Al ’ ’
CAC CS Access Time 30ns 30ns  35ms RAS-only refresh, Hidden refresh and
tRC Cycle Time 165ns 190ns 220ms Static Column Mode capability
N Static Column + All inputs and outputs TTL complatible
"5 Mode Cycle Time 50ns  55ns  65ms « 512 refresh cycles/8ms

. s - . * Package Plastic DIP: TC514253P
Single power supply of 5V+107% with a built-in Plastic SOJ: TC5142587

VBB generator Plastic ZIP: TC514258Z
PIM CONNECTIOQH# (TOP VIEW)

BLOCK DIAGRAM
+ Plastic DIP -+ Plastic SOJ -+ Plastic ZIP

P 1/01 L/02 1L/03 L/04
OB L. o 0O o Q o)
103 (3 Vo Vss
Voo I3 1/04
S8 10 {sl1/01
1/02 | 7 =%
—— 33 LB|WRITE  WRITE
A8 [ g
A0 [T p-
}:1;‘ 9zla1 c3
A2 13 £
veo [ 4422
CCE-3 e aa COLUMN COLUMN
AS7 o ne Qgggggz” S /| DECODER
R
PIN MAMES ATho 20| a8 SENSE aMP [ 4
Lery
1/0 GATE
A0 VA8 Address Inputs /0
RAS Row Address Strobe s12--
CS Chip Select x4
WRITE |[Read/Write Input Tow ! 5 MEMORY
OE Qutput Enable AppRESs [ 5120 33 ARRAY
1/01~1/04| Data Input/Output =3 512x512X4
Vee Power (+5V) = “No.1 CLOCK
Vss Ground GENERATOR —
N.C. No Connection gggzmv_\og BIAS
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TC514258P/J/2-85, 70514258P/J/z 10

ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN =1l 7 v 1
Output Voltage VouT -1 7 v 1
Power Supply Voltage vee -1l 7 \ 1
Operating Temperature TOPR 0~ 70 °C 1
Storage Temperature TSTG -55 ~ 150 °C 1
Soldering Temperature °* Time TSOLDER 260 - 10 °C ¢ sec 1
Power Dissipation PDp 600 mW 1
Short Circuit Output Current IoyuT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=070°C)
SYMBOL PARAMETER MIN. TYP. MAX UNIT NOTES
vece Supply Voltage 4.5 5.0 5.5 v 2
VIH Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 \ 2
DC ELECTRICAL CHARACTERISTICS (Vcc=5V£10%, Ta=0~70°C)
SYMBOL PARAMETER MIN.|[UNIT|UNITSINOTES
OPERATING CURRENT TC514258P/J/2-85) - | 75
Icc1 |Avérage Power Supply Operating Current TC514258E/7/2-10| = 65 ) mA | 3,4
(RAS, CS, Address Cycling: trg=tgc MIN.) TC514258P/7/2-12| - | 55
STANDBY CURRENT
Icco2 |Power Supply Standby Current - 2| mA
(RTS-=E§=VIH)
RAS ONLY REFRESH CURRENT TC514258P/7/2-85| = 75
Icc3 |Average Power Supply Current, RAS Only Mode | 1rosiezssp/7/7-10| = | 65 | mA | 3
(RAS Cycling, CS=Viy: tge=trc MIN.) TCs14258P/3/2-12] - | 55
STATIC COLUMN MODE CURRENT T05142582,/7/2-85] — | 75
Average Power Supply Current, Static Column
Iccs Mode TC514258P,/7,/2-10| - 65 ] mA | 3,4
(RAS=CS=Vy1, Address Cycling: tsc=tgc MIN.) | Tcsiszssp/7/z-12] - | 55
STANDBY CURRENT
Iccs |Power Supply Standby Current - 1| mA
(RAS=CS=Vcc~0.2V)
CS BEFORE RAS REFRESH CURRENT TC514258E/7/2-85| - | 75
Icce |Average Power Supply Current, CS Before TC5142582/7,/2-10| - | 65| ma | 3
|RAS Mode (RAS, CS Cycling: tpc=tge MIN.) TC514258P/7,/2-12] - | S5
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input (OVVIng6.5V, All Other =10 | 10| uA
Pins Not Under Test = 0V
OUTPUT LEAKAGE CURRENT
T0(L) | (pour is disable, OV £Voyr £5.5V -10 ] 10} uA
v OUTPUT LEVEL 2.4 _ v
OH loutput "H'" Level Voltage (IoyT=-5mA) ’ :
v OUTPUT .LEVEL 0.4 v
OL  |output "L" Level Voltage (Igup=t.2mA) T
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TG514258P/J/2-85, TC514258P/d/2-10

TG514258P/J/2-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vce=5V£10%, Ta=0~70°C) (Notes 5, 6, 7)

14258R/3/2-85 | TC514258R/ 7/ 2-10({T C514258B/T/2-12)
SYMBOL PARAMETER MIN.] MAX. [MIN MAX MIN.] MAX. UNIT [NOTES
tRC |Random Read or Write Cycle Time | 165 - 190 - 220 - ns
tgpMw [Read-Modify-Write Cycle Time 225 - 255 - 295 - ns
tsc |Static Column Mode Cycle Time 50 - 55 - 65 - ns
t Static Column Mode Read-Modify- _ - -
SR rite Cycle Time 110 115 135 ns
tRAC |Access Time from RAS - 85 - 100 - 120 ns |8,13
tcac |Access Time from CS - 30 - 30 - 35 ns | 8,13
tAA |Access Time from Column Address - 45 - 50 - 60 ns 8,14
tALW |Access Time from Last Write - 85 - 95 - 115 ns |8,15
terz |CS to Output in Low-Z 5 - 5 - 5 - ns 8
tOFF |Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9
Output Data Hold Time from
t - - -
AOH Column Address > 3 3 ns
tow %;g;t Data Enable Time from _ 30 _ 30 _ 35 s
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7
tRP RAS Precharge Time 70 - 80 - 90 - ns
traS |RAS Pulse Width 85| 10,000 | 100} 10,000{120 | 10,000{ ns
tRASC ;ﬁgeg’“l“ wideh (Static Column | g5 k60 000 | 100|100,000{120 |100,000| ns
ERSH |CS to RAS Hold Time 30 - 30 - 35 - ns
tcsH |RAS to TS Hold Time 85 - 100 - 120 - ns
tcs  |CS Pulse Width 30] 10,000 ! 30{ 10,000| 35 | 10,000] ns
tesc Sfdel)’“ls-e Width (Static Column | 341169 000 | 30{100,000( 35 {100,000 ns
tRCD [RAS to TS Delay Time 25 55 25 70 25 85 ns 13
tRAD {RAS to Column Address Delay Time| 20 40 20 50 20 60 ns 14
tCRP |CS to RAS Precharge Time 10 - 10 - 10 - ns
tcPN |CS Precharge Time 15 - 15 - 20 - ns
'CS Precharge Time _
fCP  |(Static Column Mode) o - o - 1 s
tasr |Row Address Set-up Time 0 - 0 - 0 - ns
tRAH |Row Address Hold Time 15 - 15 - 15 - ns
tasc {Column Address Set-up Time 0 - 0 - 0 - ns
tcaf {Column Address Hold TIme 20 - 20 - 25 - ns
Write Address Hold Time Refer-
CAWR |enced to RAS 65 B 75 - 90 - ns
Column Address Hold Time
tpalL |Column Address to RAS Lead Time | 45 - 50 - 60 - ns
Column Address Hold Time , .
"AH |Referenced to WAS Rise 10 10 B 15 ns 16
Last Write to Column Address
CLUAD |12 ay Time 25| 40 25| 45 | 30 55 | ns | 17
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TB5I4258P/ J/Z 85 TEEI4258I’/J/Z~ID

[TC514258E/7,/Z-85| TC514258E/ L /Z-10TC514258R /1 Z-12]
SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX.| MIN. | MAX. |ONLT |NOTES
Last Write to Column Address .
t - - -
AHLW Hold Time 85 . 95 115 ns
Read Command Set-up Time
'RCS |Referenced to CS ) 0 - 0 0 ns
Read Command Hold Time
t — - - -
RCH Referenced to CS 0 0 0 ns 10
Read Command Hold Time
CRRH Referenced to RAS 0 - 0 B 0 B ns 10
Write Command Hold Time -
YWH | (output Data Disable) 0 0 0 ns | 12
Write Command Hold Time
t 2oL - - -
WCR Referenced to RAS 65 75 %0 ns
typ |[WRITE Pulse Width 20 - 20 - 25 - ns
twyr [WRITE Inactive Time 10 - 10 - 15 - ns
tRWL, |WRITE Command to RAS Lead Time 20 - 25 - 30 - ns
tCWL |WRITE Command to CS Lead Time 20 - 25 - 30 - ns
tDs |Data-In Set-Up Time 0 - 0 - 0 - ns 11
tpy |Data-In Hold Time 20 - 20 - 25 - ns 11
Data-In Hold Time Referenced

tDHR to TAS 65 75 - 90 ns

treF |Refresh Period - 8 - 8 - 8 ms
WRITE Command Set-Up Time

tus (Output Data Disable) 0 B 0 B 0 ns 12
CS to WRITE Delay Time .

ECWD | (READ-MODIFY-WRITE CYCLE) 65 - | 6 - 75 | = | mso| 12
RAS to WRITE Delay Time

t - - -

RWD (READ-MODIFY-WRITE CYCLE) 120° 133 160 ns 12
tauD 'Cric;]l;zm‘n Addréss to WRITE Delay 80 _ 85 - 100 _ ns 12
tcsr |CS Set-Up Time (CS before RAS) 10 - 10 - 10 - ns
tcHR |CS Hold Time (TS before RAS) 30 - 30 - 30 - ns
trpe |RAS to CS Precharge Time 0 - 0 - 0 - ns

CS Precharge Time (TS before

t - - -

CPT |RAS counter Test Cycle) 50 30 60 ns
tROH |RAS Hold Time Referenced to OE 20 - 20 - 20 - ns -
LOEA |OF Access Time - 30 - 35 - 45 ns
tOED |OE to Data Delay 25 - 25 - 30 - ns
toEzZ 8;;2'1;1-5:‘5?)‘?- turn off Delay 0 25 0 25 0 30 ns 9
tOEH |OE Command Hold Time 25 - 25 - 30 - ns
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TG514258P/J/2-85, TC514258P/d/2-10
TG514258P/J/2-12

CAPACITANCE (Vgc=5v:10%, f=1MHz, Ta=0 v70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
C11 [Input Capacitance (4g ™ Ag) - 5
Cr2 |Input Capacitance (RAS, CS, WRITE, OE) - 7 pF
Co Qutput Capacitance (I/01~1I/04) - 7

‘NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device.

2. All voltage are referenced to Vgg.
3. Iccl, Ice3, Iccd, Icchb depend on cycle rate.

4. 1Iccl, Icch depend on output loading. Specified values are obtained with the
output open.

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles
before proper device operation is achieved. 1In case of using internal refresh
counter, a minimum of 8 TS Before RAS initialization cycles instead of 8 RAS
cycles are required.

6. AC measurements assume tp=5us.

7. Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals.

8. Measured with a load equivalent to 2 TTL loads and 100pF.

9. tOFF(max.) and tggz(max.) define the time at which the output achieves the open
circuit condition and is not referenced to output voltage levels.

10. Either tppy or trry must be satisfied for a read cycle.

11. These parameters are referenced to CS leading edge in early write cycles and to
WRITE leading edge in Read-Modify-Write cycles.

12. tyg, twHs tRWD> towp and tayp are not restrictive operating parameters. They are
included the data sheet as electrical characteristics only. If tws;tws(min.), the
cycle is an early write cycle and the data out pin will remain open circuit (high
impedance) through the entire cycle; If tpypatgyp(min.), tcypztcwp(min.) and
tawpztawp(min.), the cycle is a Read-Modify-Write cycle and the data out will con-
tain data read from the selected cell: 1If neither of the above sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

13. Operation within the tpep(max.) limit insures that tgac(max.) can be met.
tpep(max.) is specified as a reference point only: If tgcp is greater than the
specified tgrcp(max.) limit, then access time is controlled by tcac.

14. Operation within the tgap(max.) limit insures that tgac(max.) can be met.
tpap(max.) is specified as a reference point only: If tgsp is greater than the
specified tpap(max.) limit, then access time is controlled by tp,.

15. Operation within the tpyap(max.) limit insures that tppy(max.) can be met. tryap
(max.) is specified as a reference point only: If tyyap is greater than the speci-
fied tpyap(max.) limit, then access time is controlled exclusively by tpa.

16. tay is the condition to latch column address when RAS has rised up.
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 TC514258P/J/7-85, T0514258P/J/Z 10
TC514258P/J/Z-12 i

READ CYCLE
Tas m
VIL
v
oF 15
Vip
v
A0~48 I
Vi
— '
WRITE I8
ViL
oE VIH
ViL
, v
1/G1~I 04 °H
Vor

tRC
tRp
—_— ——-——.\ trag -
\ / LCRP
. tcsH
CRE tRCD tRSH
t
cs
/ tRAD \ \ Z
TAR
tasr| b asc tRAL taH

/////Xevﬁf%"éss

5@@

COLUMN ADDRESS"

Y

“RRE

D
I trel

oo

////////////f

“rn

H

N,

//////////////Z///ﬂ/);r

Tora

VI,

tcac

fore,

WRITE CYCLE (EARLY WRITE)

RAS

I/01~1/04

Vi
VIL

Vig
ViL

Vin
ViL

Vig

Vi, —

Vin
Vin

Vg
ViL

| OFEN tcm—f@i VALID DATA-OUT }
. HYOr*L
— =
7. By —r—
= S X//////////////////// 11111,
/I WP /7////////////////,

— W

TpHR

tps TpH

(VALID DATA- 1| >
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TC514258P/J4/Z-85, TC514258P/4/2-10
TG514258P/J/2-12

WRITE CYCLE (OE CONTROLLED WRITE)

TrRC
TrAS tRP
Vg ———————— TAR 3
— \ ; \
vy — 7
IL -
csH
TCRP tReD trsH “CRP ’
t
v — — cS £
o5 e i TRAD \ /
Vor — /
IL
taSR | |*RaH tasc Can
AG~AB Vm T /////j;b(. ROW COLUMN ADDRESS //[////////
Vi — ////NADDRESS /
tewL |

WL, o
W U e
% v LI o s | :W[////////////////Z/Z/////,

V1L
O S ///// w5 1 AUl
[77] "t ortL
READ-MODIFY-WRITE CYCLE
o —
- e — — /ﬁiz\_
T | tosn ¢
FcRP| | trep tRSH CRE,
. Vo — teg ———
Cs vi: —_— _/tASR t;i{jin tAsC\_ E;AE /
A0~48 Zi: :mgpgggss 5@1 COLUMN ADDRESS / / / / / / / / / // /;
tCWD t
*RWD tgx _!
R — v - i Twp
WRITE Vi . :gg ’_—m
w v A
tRAC “oac Corz Fi ‘pH .
v J—
voiyos VO T Ol s XL




T TC514258P/J/2-12

~ TC514258P/4/2-85, T0514258P/J/Z w

STATIC COLUMN MODE READ CYCLE

tRP

_— v - X | Trasc \
R N\
Vi — :
TASR LRaAH tsc tsc *RAL Tax
AG~AB Vie T //Mf Row COLUMN [ coLumn ){ COLUMN KZZZZZZZ/
Vi, — ADDRESS ADDRESS ADDRESS ADDRESS A
tRAD tasc toRP
taR tep ERSH
VIH — tcs , t ;
= | \ R e
\ RRH
v — T
IL 4 |
tRcS Lren tRCS RCH.
V —
w5 | \ Ui
Vi, —
troH
V —
ow = I s TN, JT
Vi, —
Foms }33_‘*.‘ fop | [fonz
‘ toac A tas
taa Taa -
Trac tAOH Teac

v, - 7
I/01~I/04 OH §@< 5—— VALID DATA§_—
VoL — toLz / *\L ToLz

VALID DATA VALID DATA

MEYorIL
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TC514258P/J/2-85, TC514258P/J/2-10

TG514258P/J/2-12

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

AO~A8

Q
[5]

WRITE

I/01~1/04

Vi
ViL

TASR
D
Vi, —

VIH
ViL

ViL

}%

—-"""’\ TraSC \
CrRAD
TRAH []tcat *RaAL
ROW COLUMN COLUMN COLUMN /99§§§667
ADDRESS DRESS DDRESS ADDRESS /
AWR tcp TRSH
tRCD TwH i tCcRP
cs
Vo / I VA
t

tewn

CRWL

—

Vi

77

/

Y/

ViL

CDHR

o TN

VALID
DATA

KX XS XTI
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T8514258P/J/Z 85 TG5I4258P/J/Z Iﬂ
- TC514258P/J/2-12

. STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

tre

— v - TRASC 3
T IH K
Vi, — iy —
TasR CRAH
v — - .
AO~AS . VIH %2@‘ COLUMN ADDRESS @{ COLUMN ADDRESS W// / ]i/] ///////
Vi, —
o *RAD | , tasc ToAl
TSRMW tRAT, ‘ ,tCRP
_ Vig — . S
. & TH S LWAD TRWL
Vi, —
tRCD tCwD
tAwD tawD | towL
—_— WTP [} i
—_— v
o S \v
v, — \
‘ toEH
Vig — J
o MY -/ \
VIL —k I"OED TALW /tOED’
oA AR toRz
tCAC tDS oW
v ‘tRAC taa FOEZ tpu | TOEA
IL/0H — :
- VALID ALID
Voo HGER RN
toLz |
VALID VALID
DATA-OUT DATA-OUT

ZZ BT

— A-166 —



TC514258P/J/2-85, TC514258P/J4/2-10
TC514258P/4/2-12

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

Ras
vViL
v
AO~AB 15
ViL
- Vin
08
VL
- v
WRITE I
VL
v
oF IH
ViL
v
1/01~1,04 ¥OE
Vi oL

Vig —

IR S5 KR S5 NI s XU

tAwWD
tcwp
typ
X ﬁ tow
COEH
taLw
— TN / \
- T
EOLA_ 23 COEA
t T,
cAC e AOH
tAOH OED e LTVN
TAA DH
A7/ N VALID VALID . VALID
\ DATA-CUT] (DATA-IN DATA-OUT
teng
(READ) O (WRITE) ! (READ)
1 L
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- TC514258P/J/2-85, TI:514258P/J/Z R e

TC514258P/J/2-12

RAS ONLY REFRESH CYCLE

TRAS

tRP

tRPC

\/

s EVR//////////////////////////7/////////0(

tre

:"H"Or"L"

TRAS

F

—

tCHR [

—_— Vig —
s N
Vi, —
CCRP
S Vig —
Gs /
Vi, —
ASR
VI —
/)
Vi, —
Notes: WRITE, OE
CS BEFORE RAS REFRESH CYCLE
tRP
v _
S H /
Vi — trEC
tepN
CCSR
V’ — =
= IH \
65 A p—
COFF
Vo — X
1/01~L/04 y
VOL —_— ]
Note:

OPEN

WRITE, OE, AO v A8 :"H'or'L"
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HIDDEN REFRESH CYCLE (READ)

T6514258P/J/Z-85, TC514258P/J/Z-10
TC514258pP/J/2-12

W T R
SO v Ay N

AAAAA o€ 1] G L50////%//////////////////ﬂ//////////f
/1 e 1

Wiy,

= e

LZ

3:7.X)

toEZ

Sm VALID DATA-OUT ;

% "H'or"L"
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e _TC514258P/d/212

 TC514258P/J/1-85, Tc514253p/.|/z m 1 =) " S e

HIDDEN REFRESH CYCLE (WRITE)

H

tre TRre

TRAS 1 CRP tRP |
e e
Vi —
tCHR tcrp

TCRP tRCD YRSH
r———
— Vig —
. T8 ] traAD \ ]
VI ] 3

e N N
T T
= T

tps

do):d
Vig — y
1/01~I04 ——<VALID DATA-IN }——— OPEN
Vi — L

/] "u"or'L"
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TC514258P/J/1-85, TC514258P/J/Z-10

TG514258P/J/2-12
T3 BEFORE.RAS REFRESH COUNTER TEST CYCLE
_— zii :—— *RAS 1 \_
v _— tesk TCHR U :RSH o
L5 o TN tase N - /]
(a0~48 o i, COLUMY ADDRESS :}—(///ﬂ///
*Res | | CRRH |
v v I | e, O
oz v T TN I
| V/o1~1/04 Zgi _ OPEN | VALID DATA-OUT
[ao~as M/ SS YY //////////////
s | twH
TRITE /T, - .
o8 o ://///////////////////////////i/_/_]//Z///////////////77/[ i,
1/01~1/04 :;i _ OPEN { vavip DA:AH-IN >
" READ-MODIFY-WRITE CYCLE ﬁ‘ﬁ"—l Soa | |
[s0~s8 /1 COLUMN ADDRESS W///l/////l////////
FRITE o ://////////_///////////////If tow -tw I
v J toEA -tﬂ_j
oF . ://///////////////////////////é//f/&-‘ Y
_ ItcLz -CaC tii;zs' DE

v
1,01~I/04 L/OH
~ vI,/OL

rrorLs
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TC514258P/J/ -85, T0514258P/J/Z Iﬂ
' TC514258P/J/2-12

OUTLINE DRAWINGS

25MIN SOMAX

* Plastic DIP

20 19 18 17 16 15 14 13 12 11
1S o I e OO e O s O o Y s O e I o A o B
t> E
Rl
™~
OO0 OO0 g
1 2 3 4 5 6 7 8 9 10
247 MAX
' =
-
=
-~
0
=]

Note:

0.5+0.15 2.54£0.25
14015

Each lead pitch is 2.54mm.

Unit in mm

7.62+0.25

All leads are located within 0.25mm of their true longitudinal

position with respect to No.l and No.20 leads.

All dimensions are in millimeters.
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TC514258P/J/7-85, T0514258P/J/Z 10
TC514258P/4/7-12

¢« Plastic SOJ

Unit in mm

1702 ~ 1727 | 0.9TYP,
26 25 24 23 22 18 17 16 15 14
ImEmE sl o O o O o O s B |
(
r <
<+ —l ©
~ @ = o
' ~ - ™~ )
! : i o
54 i N @D e
INDEX DOT 0 ! -
™ H ©
\ ») L.
| S0 g W0 Jy s gy Sy B | IS I Dy D [ WSy | —_— L
1 2 3 4 5 9 101 12 13

0.66~0.76

-

1.27TYP.

o.se-o.m” ,

9.5~ 9.9 !
f —1

Note: Each lead pitch 1.27mm. All dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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. TC514258P/J/Z-85, Tcsuzsaw.l/z-lo
TC514258P/J/2-12

e Plastic ZIP

262MAX 20
F

A

r’

INDEX DOT

1016MAX
85+02

~—zx=m
(SOMIN

Q5+01 ' ! 127 TIP. 127TYP

254TYP

Note: Each lead pitch is 1.27mm. . -
All dimensions are in millimeters.
Toshiba does not assume any respdnSibility for use of any
circuitry described; no circuit patent licenses are implied,
and Toshiba reserves the right, at any time without notice,

to change said circuitry.
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TOSHIBA MOS MEMORY PRODUCT

THM81000S/L-10/12

1,048,576 WORDS X 8 BIT
DYNAMIC RAM MODULE

DESCRIPTION

The THM81000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled

8 pcs of TC511000J on the printed circuit board. .
The THM81000S/L is optimized for application to the systems which are required

high density and large capacity such as main memory of the computers and an image
memory systems, and to the others which are requested compact size.

FEATURES

- 1,048,576 words by 8 bits organization
« Fast access time

. THM81000S/L-10 THM81000S/L-12
tRAC RAS Access Time 1G0ns 120ns
taA  Column Address Access Time 50ns 60ns
tcac CAS Access Time 35ns 45ns
tgc Cycle Time 190ns 220ns
tPpC  Fast Page Mode Cycle Time 55ns 70ns

Single power supply of 5V+10%
Low power
2,640mW MAX.
2,200mW MAX.
44mW MAX.
CAS before RAS
capability.
All inputs and outputs TTL compatible
512 refresh cycles/8ms

Operating (THM81000S/L-10)

Operating (THM81000S/L-12)

Standby : .
refresh, RAS only refresh, Hidden refresh, and Fast Page Mode

[PIN CONNECTION|

—f—
@)
(TOP VIEW) vce ;1)0 PIN NAMES

CaAs zgn
g%o i E A0 9 Address Inputs
P91 § H DQO V7 Data Input/Outputs
I ] CAS Column Address Strobe
2%2 %g 3 RAS Row Address Strobe
A5 12)|a —
E%S %2 o W Read/Write Input

(=}
Bae (18308 vee Power (+5V)
A anla Vss | Ground
N.C. (19)|o -
Qs gzo o N.C No Connection
W 21)|o
vss (22)[0
Das (22)lo
N.C. (2430
Do7 (2530
N.C. (z26]]a
RAS (270
N.C. (28)]o
N.C. (29)]o
vce (zo)|a

O
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THMB1000S/L-10/12

BLOCK DIAGRAI

DGO O—

1

D

[ )|20~49
O RAS
—CCAS

FQWRITE

©
&

1

a1 O—

T

ey

T

as
18]
o

1

AL LT

SA1L]

1
1

ReSIN

11

Yl
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ABSOLUTE MAXIMUM RATINGS

THM81000S/L-10/12

ITEM SYMBOL RATING UNITS NOTES
Input Voltage ViN -1~n7 v 1
Output Voltage VouT -1~7 \Y 1
Power Supply Voltage Vee -17 v 1
Operating Temperature ToPR 0~70 °C 1
Storage Temperature TsTG -55 125 °C 1
Soldering Temperature . Time TSOLDER 260 + 10 °C » sec 1
Power Dissipation Pp 4.8 W 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0 ~70°C)
SYMBOL PARAMETER MIN. TYP. MAX UNIT NOTES
Vce Supply Voltage 4.5 5.0 5.5 \ 2
Vin Input High Voltage 2.4 6.5 4 2
Viy Input Low Voltage -1.0 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vgc=5V+10%, Ta=0~70°C)
SYMBOL PARAMETER MIN. {MAX. [UNITS [NOTES
OPERATING CURRENT THM81000S/L-10 - | 480 A
Icc1 Average Power Supply Operating Current mA 3,
(RAS, CAS, Address Cycling: tgc=trc MIN.) THM81000S/L-12 - 400
STANDBY CURRENT
Icc2 | Power Supply Standby Current - 16 | mA
(RAS=CAS=V1y)
RAS ONLY REFRESH CURRENT THMSlOOOS/L—ld - 480
Icc3 | Average Power Supply Current, RAS Only Mode mA |3
(RAS Cycling, CAS=Vry: trc=tgpc MIN.) THM81000S/L-12| - | 400
Iccy | Average Power Supply Current, Fast Page Mode ma (3, 4
(RAS=V1;,, CAS Address Cycling: tpc=tpc MIN.)[THM81000S/L-12] - | 240
STANDBY CURRENT
Iccs | Power Supply Standby Current - 8 | mA
(RAS=CAS=V(-0.2V)
CAS BEFORE RAS REFRESH CURRENT _ THM81000S/L-10 - | 480
Icce | Average Power Supply Current, CAS Before RAS mA |3
Mode (RAS, CAS Cycling: tgpc=trc MIN.) THME1000S/L-12} - 400
INPUT LEAKAGE CURRENT
I1(L) | Input Leakage Current, any Input -80 80 | uA
(0V ¢Vyy £6.5V, All Other Pins not under Test=0V)
1 OUTPUT LEAKAGE CURRENT ' _
0(L) | (Doyr is disabled, OV <VouT £5.5V) 20 20 | uA
Yoy OUTPUT %EXEL ‘ 24 _ v
Output "H" Level Voltage (IoyuT=-5mA)
OUTPUT LEVEL
\ -
oL Output "L" Level Voltage (IgyT=4.2mA) 0.4 v
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~ THM81000S/L-10/12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vge=5V£10%, Ta=0~70°C) (Notes 5, 6, 7)

. THM81000S/L~10{THM81000S/L-12

SYMBOL PARAMETER MIN. MAX. | MIN. VAKX, UNIT |[NOTES
tRC Random Read or Write Cycle Time 190 220 ' ns

tpc Fast Page Mode Cycle Time 55 70 ns

tRAC - |Access Time from RAS 100 120 ns |8, 13
tcac |Access Time from CAS . 35 45 ns (8, 13
Eap Access Time from Column Address 50 ‘ 60 ns |8, 14
tcpa |Access Time from CAS Precharge 50 65 ns |8
terz  |CAS to Output in Low-Z 5 5 ns |8
torr |Output Buffer Turn-off Delay 0 30 0 35 ns |9

tT Transition Time (Rise and Fall) 3 50 3 50 ns |7

trp RAS Precharge Time 80 90. ns’

traS RAS Pulse Width 100 | 10,000 | 120 10,000 ns

traSp |RAS Pulse Width (Fast Page Mode) 100 {100,000} 120 |100,000 ns

tRsH |RAS Hold Time ) 35 45 ’ ns

tcsy |CAS Hold Time 100 120 ns

tcas |CAS Pulse Width 35 45 ns

tRcD |RAS to CAS Delay Time 25 65 | 25 75 ns (13
tRAD |RAS to Column Address Delay Time 20 50 20 60 ns (14
tcrRp |CAS to RAS Precharge Time 10 10 ns

tcp CAS Precharge Time (Fast Page Mode) 10 15 ns

tASR |Row Address Set-Up Time 0 0 ns

traH |Row Address Hold Time 15 15 ns

tASC |Column Address Set-Up Time 0 0 ns

tcaH | Column Address Hold Time 20 g 25 ns

taR (;gl% Address Hold Time referenced 75 90 s

tRAL [Column Address to RAS Lead Time 50 60 ns

tRCS |Read Command Set-Up Time 0 0 ns

YRCH |Read Command Hold Time 0 0 ns (10
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THM81000S/L-10/12

ELECTRICAL CHARACTERISTIC AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

THM81000S/L-10[THM81000S/L-12

SYMBOL PARAMETER v | ek, | oy, | ax. UNTTS| NOTES
tRRH Iéza?mCommand Hold Time referenced 0 0 ns 10
twcy | Write Command Hold Time 20 25 ns

ICWCR Write Command Hold Time referenced 75 90 s

to RAS

typ Write Command Pulse Width 20 25 ns

tRWL | Write Command to RAS Lead Time 25 30 ns

tcwL | Write Command to CAS Lead Time 25 30 ns

tps Data Set-Up Time 0 0 ns 11
tpH Data Hold Time 20 25 ns 11
tpyr | Data Hold Time referenced to RAS 75 90 ns

tREF | Refresh Period 8 8 ms

tycs | Write Command Set-Up Time 0 0 ns 12
tecsr | CAS Set-Up Time (CAS before RAS Cycle) 10 10 ns

tcgr | CAS Hold Time (CAS before RAS Cycle) 30 30 ns

tRPC | RAS to (TS"Precharge Time 0 0 ns

FCPT %%P;z:::g%lgsumer Test Cycle) >0 60 ne

tcpN | CAS Precharge Time 15 20 ns

CAPACITANCE (Vge=5v+10%Z, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. | MAX. | UNIT
C11 Input Capacitance (A0~ A9, W, CAS, RAS) 60 pF
Cpq I1/0 Capacitance (DQO ~DQ7) 15 pF
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NOTES:

1.

10.

11.

12.

13.

14.

Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.

All voltages are referenced to Vgg.
Iccls Icc3s Icc4s Icce depend on cycle rate.

Iccls Iccs depend on output loading. Specified values are obtained with the
output open. ‘

An initial pause of 200us is required after power-up followed by 8 RAS cycles

before proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS

cycles are required.

AC measurements assume tT=5ns.

Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and.Vyy,.

Measured with a load equivalent to 2 TTL loads and 100pF.

torr(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either tpcy or trry must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-write cycles.

tycs is not restrictive operating parameters. This is included the data’ sheet
as electrical characteristics only. If tycs ztycg(min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance).

Operation within the tggp(max.) limit insures that tpyc(max.) can be met.
tpep(max.) is specified as a reference point only: If tpep is greater than
the specified tpep(max.) limit, then access time is controlled by tcac:

Operation within the tRAD(max ) limit insures that tRAC(max ) can be met.

trap(max.) is specified as a reference point only: If tpap is greater than the
specified tgpap(max.) limit, then access time is controlled by tAA-
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THM81000S/1-10/12

READ CYCLE

TrC

tRP
. . tRAS
5% B = =
'JIL _— H 1

tese |
TRCD TRSH E CCRP|
YcrRP | ; = T
—F—-f ! toas ‘ |
_ /Ir‘ —_— F 1 \ \ / f
Prate) N V
ity — -/ il < i
[ - v
VAR
| - z |
. TRAD . ; tR4L |
] i ; ?
- i :
ASR ‘ IrAH asc t
. Ra e CAH
] =R r_.. |
1, —
14 : ‘
Ao~A ROW i COLUMN ! / / / Yy / //
v 9 vin, — % { \ 1 / /. / ! L 4 /
E iTrey
!l tRCS "RRH
i
I
v —_— 7
s L
WRITE / Cocac
* VIY —_— /' é /
L
! tAA
i oz [FOFF
| TRAC ) ‘
I

You —
Doy _— oPmm VALID DATA ]
Yoo — bt

(///] : pon’t care
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EARLY WRITE CYCLE

AQ~Ag

WRITE

Dour

Vin

VIL

Vin
Vin

Viu
ViL

Vig
Vi, —

— —_
7 \\ . /f
ot KT
" =TI T
7. ////%HR =l

OPEN

m :Don’t Care
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' THM81000S/1-10/12

FAST PAGE MODE READ CYCLE

TraSP trp
.- Vig — ’\ ]
Vi A
tosH ’ Teg tRSH
CCRP tRCD tcas| tce tcas |, tcp toas
v —_ £ 3 + 3 P
Cas H \\ / \\ / \_
Vi, — = —F 7
TAR = CRAL
T T t
ASR RAH  As¢ TcaH| tascl Toa tasc oA
Vi — y il = /77
Ag~Ag %4 ROW coL coL j@q coL WW
Vin T 3 ‘ 7 ! . L
“RAD ‘ [':RRH
tRCH trRCH ‘
'Res FrRcS l

tres CRCH_
Vg —7 = -
mers " 777 A U
Vi Fcag Fcac toac

*RAC tcpa topa

D Von JVMvaLID AVALID ALID
oUT - DATA| DATA DATA
COFF | leorr J tOFF

:Don’t Care
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FAST PAGE MODE WRITE CYCLE

(EARLY WRITE)

— Vin
RAS

VIL
I Vin
CAS

ViL

Vig
Ap~Ag

ViL

VIH
WRIT

VIL

Vin
D1n

ViL

Vou
Doyt

VoL

LRASP TRP
___——.l\ /‘- X
tpc LRSH
tcRP tRCD toas tcp tcas , teop tcas tCRP
—_— X \ \ \
_—'__/ \ . el \ X b \ - —
t
AR L tRAL
TASR
FRAH  FASC Coan fasc | [fcaH Fasc| teanm
_ - = -~ =
TR o WA == R = ) Y
—_ " o
TRAD I
ty
t WCH
WCR
twes [WCH
twes i twes
twp
tWP .
TN /)N e A
P — — — 7 l\— L
tps tpy Ips tpH tps tpH
]
//////// //@g VALID DATA VALID DATAE@{W\LID DATA
— L i L il |
| tDHR

—

OPEN

:bon’'t Care
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RAS ONLY REFRESH CYCLE

CAS

Ap~Ag

Dout

vVig

VIL

Vou

THM81000S/L-10/12

tRP

tras

i
i
tA§gl LRAH

ROW
—_ -

S

Note:

OPEN

m :Don’t Care

WRITE=Don't care, A9=Don't care
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© THMSl000S/L-10/12

CAS BEFORE RAS REFRESH CYCLE

tRA'S

1
— Vg — Y !—
RAS N
VIL — | tapc i
1
|
|tcpn | tcsR| | CCHR
i | ‘
-V — ; y
TS IH __/1:—'\_'
Vi T = i )
toFF
i
i
Vo — B
Tourt i
Voo T ——

Note: WRITE=Don't care, A0 vA9=Don't care

OPEN

m :Don’t Care
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THM81000S/L-10/12

HIDDEN REFRESH CYCLE (READ)

- tRe.
TrAS Trp tRAS
Vg — — .
Ras / \
Vi, — —7
tCRP *ReD | ‘trsH tCHR
Vig — r —
Cas / /
Vi —
tRAD CRAL
AR
tasSR fRaH Tasc toal
v —
vk @fi}@ )
Vi, — X
‘Res ‘
| "RRH
Vi —
w N\, 7
v —_ Va
L Tcac
Taa
t
traC OFF
VOH —— b a - e
Doyt . VALID DATA
VoL — .
cLZ

m :Don’t Care
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HIDDEN REFRESH CYCLE (WRITE)

RAS

- AgTAg

WRITE

Doyt

trC

TRAS TRP tRAS
Vig — .-__-Tﬂi\ /ﬂ‘ = //r---
Vi T i A - 3

TCRP treD trsH tCHR

Vig — i -

Vip ™ =
tRAD CRAL
Casr tra, tasc toaH

) S ) R

trap
twoRr

LRWL
twes twoH

e DN =TT

tps tpu

S/ R

tDHR

=

v
OH OPEN
VoL, —

:Don’t Care
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BEFORE RAS REFRESH COUNTER TEST CYCLE

-— Vin
RAS

Vi
_— Vin
vad

ViL

Vig
AgT4g

VIL
READ CYCLE
r VoH
Peyt

VoL
___  Vin
WRITE
§ ViL
WRITE CYCLE
r Vor
DouT

VoL
—  Vim
WRITE

Vio

Vin
Drn
C Vin

THM81000S/L-10/12

:——t—-\lL | t . :.qsa ﬂ:‘\__
s\ el '

tasc TCAH , |
ZTx o Kz
i e U
S e e YR
I, ) Y
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- THM81000S/L-10/12

OUTLINE DRAWINGS

- THM81000S Unit in mm

88950+ 0Q13

76595 max, 318¢

20.4 5 max.

6351013
—
e
o |
\
10161013

1NRO000000000000a0000000000000aa0°

+013
254 . .L 1.27-008
8214+ Q13 338

5.08max.

* THM81000L

8214 + 03 5.0 8MAX.

Trooraer
nanne
TOUUW

226MAX.

2507105

+015

| a25-015

7366103
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TOSHIBA MOS MEMORY PRODUCT

DYNAMIC RAM MODULE THM91000S/L-10/12

DESCRIPTION

The THM91000S/L is & 1,048,576 words by 9 bits dynamic RAM module which assembled

9 pcs of TC511000J on the printed circuit board.
The THM91000S/L is optimized for application to the systems which are required

high deasity and large capacity such as main memory of the computers and an image memory
systems, and to the others which are requested compact size.

[FEATURES

* 1,048,576 words by 9 bits organization
* Fast access time

THM910003/L-10 THMS1000S/L-12
tRAC RAS Access Time 100ns 120ns
CAA  Column Address Access Time 50ns 60ns
tcac  CAS Access Time 35ns 45ns
ERC  Cycle Time 190ns 220ns
tpc  Fast Page Mode Cycle Time 55ns 70ns

+ Single power supply of 5V+107
¢ Low power
2,970 mi¥ MAX. Operating (THM91000S/L-10)
2,475 mi MAX. Operating (THM9lOOOS/L-12)
49 5 mW MAX. Standby
« CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode
capability.
+ All inputs and outputs TTL compatible
+ 512 refresh cycles/8ms

[PIN COMMECTION]

f'_j__
TOP VIEW v
O e g
%zl é §[_—_l AON9 Address Inputs
Az 7 o DQO V7 | Data Input/Outputs
vss (9 u|: D8 Data Input
el
At (1l DI:‘J Q8 Data Output
2%3 éii g CAS Column Address Strobe
§§4 %g o I RAS Row Address Strobe
a2 s g[_, ‘] w Read/Write Input
Il CAS8 | Column Address Strobe
vss (22)a
el et gt—_—____J Vee Power (+5V)
g%;_ §§ él I Vss Ground
CAS8B(28 N.C. No Connection
vee (23 SI '
O
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BLOCK DIAGRAM

DO © D D W
—/] A0~a0 _j‘) AO~AY
1 M9Ras 9 RAS
H Y oAS -—q CaAgd
Lo ==rTE B e
—{ +—
bRl © D .i—' a5 O— ——j D %) ——|
:) AC~A9 ;) AD~AD
- (—q AT Hq T
u B RS q CAs
A TRITE —ﬁ VRITE
— }— Kaulan
DnR O- D Q ;I DeE & [—-J D QJ
;) A0~A9 F> AD~A0
[ Fas o7&
— 9 CaAS —d Gas
o WRITE FqWRITE
- 11
D3 © o cz—l o7 © D ) —l
F:> AD~A9 AO~A9
 —q Ras -~ ’AS
M FqCcAS —d CaS
—4 VRITZ —q WRITE
1 1
A0~aA9 |
bg O +— D nb—o
Ras o - L= a0~a9
CAS o — RAS
TCASg © oS
WRITE O— o WRITE
Vee °
Vgs  ©

9 —] e 9
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ABSOLUTE MAXIMUM RATINGS

THM91000S/L-10/12

ITEM SYMBOL RATING UNITS NOTES
Input Veltage ViN -1n7 v 1
Output Voltage Vout -1a7 v 1
Powver Supply Voltage Vee -1~ 7 v 1
Operating Temperature Topr 070 °C 1
Storagc_a Temperature TsTG -551 125 ';E 1
Soldering Temperature . Time TsoLDER 260 « 10 °C . gec 1
Power Dissipation Pp 5.4 W 1
Short Circuit Output Current Tout 50 mA 1
RECOMMENDED DC QPERATIHG CONDRITICHS (Ta=0+,70°C)
SYHBOL PARAMETER MIN, TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 v 2
J-
Vig Input High Voltage 2.4 6.5 v 2
ViL Input Low Voltage -1.0 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (V¢=5V=10%, Ta=0" 70°C)
SYMBOL PARAMETER MIN.| MAX.|UNITS|NOTES
OPERATING CURRENT TIZI91000S 110 - 540
Iccl |Average Power Supply Operating Current — mA | 3, 4
(T35, CAS, Address Cycling: CRc=tRc MIN.) | TE@100084-12) - | 450
STANDBY CURRENT
Icco2 |Power Supply Standby Current - 18 mA
(RAS=CAS=V1H)
RAS ONLY REFRESH CURRENT o (A - 540
- 491000 -1
Iccy |Average Power Supply Current, RAS Only lode : 008110 mA 3
(RAS Cycling, CAS=Viy: tpc=tgrc MIN.) TI21010008/1-12| — 450
FAST PAGE MODE CURRENT TMo10008/I-10| ~ 360
Iccs |Average Power Supply Current, Fast Page llode mA 3, 4
(RAS=V1y,, CAS Address Cycling: tpc=tpc MIN.) |THM910008/1-12| - 270
STANDBY CURRENT
IC(‘S Power Supply Standby Current - 9| mA
"~ | (RAS=CAS=V(c-0.2V)
CAS BEFORE RAS REFRESH CURRENT TIRA910008/1-10| - 540
Icce [Average Power Supply Current, CAS Before RAS mA |3
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any Input -90 90 | 1A
: (0V2Viy$6.5V, All Other Pins not under Test=0V)
OUTPUT LEAKAGE CURRENT
I -20 20 A
O(L) | (Doyr is disabled, OV S Voyr & 5.5V) u
OITPUT LEVEL _
Vou Output "H" Level Voltage (Igyp=-5mA) 2.4 v
OUTPUT LEVEL
Vor - - .
OL " loutput "L" Level Voltage (IOUT=4.2mA) 0.4 v
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 THMO1000S/L-10/12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC

OPERATING CONDITIONS
(Voe=5V£10%, Ta=0~70°C) (Notes 5, 6, 7)

SYMBOL PARAMETER THM91000S/L-10 | TIM91000S/L~12 uNIT | HoTES
MIN. MAX. MIN. MAX.

trC Random Read or Write Cycle Time 190 220 ns

tpc Fast Page Mode Cycle Time 55 70 ns

ERAC | Access Time from RAS 100 120 | ns |8, 13

tcac | Access Time Erom CAS 35 45 | ns |8, 13

VN Access Time from Column Address 50 60 ns 8, 14

tCPA |Access Time from CAS Precharge 50 65 ns |8

tcrz | CAS to Output in Low-Z 5 ns |8

LOFF |Output Buffer Turn-off Delay 0 30 0 35 ns |9

_tT Transition Tim—e_ERise and Fall) 3 50 50 ns 7

trp RAS Precharge Time 80 90 ns

tRAS RAS Pulse Width 100 10,000 120 10,000 ns

tRASP |RAS Pulse Width (Fast Page Mode) 100 |100,000 | 120 |160,000 | ns

tRsH RAS Hold Time 35 45 ns

tcsH [ CAS Hold Time 100 120 ns

ECAS |CAS Pulse Width 35 45 ns

tReD  |RAS to CAS Delay Time 25 65 25 75 | ns |13

tRAD |RAS to Column Address Delay Time 20 50 20 60 ns |14

tCRP [{CAS to RAS Precharge Time 10 10 ns

tcp CAS Precharge Time (Fast Page Mode) 10 15 ns

tASR |Row Address Set-Up Time 0 0 ns

tRAH |Row Address Hold Time 15 15 ns

EASC |Column Address Set-Up Time 0 0 ns

tcag |Column Address Hold Time 20 25 ns

tAR Szl;:_g Address Hold Time referenced 75 90 ns

CRAL |Column Address to RAS Lead Time 50 60 ns

tres Read Command Set-Up Time 0 0 ns

trcH [Read Command Hold Time 0 0 ns |10

ERRH Iziagr(siommand Hold Time referenced 0 0 as |10
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THM91000S/L-10/12

ELECTRICAL CHARACTERISTIC AND RECCMMENDED AC OPERATING COMDITIONS (Continued)
SYABOL PARAMETER THM91000S/L-10| THMS1000S/L-12 onITs| voTEs
MIN, HMAX, MIN. MAX. '
tyell |Write Command Hold Time 20 25 ns
try l;_LET;ET%Q—Lgmmlnd Hold Time referenced 75 a0 ns
| typ |vrite Cormand Pulse vidth 20 25 ns
_E_R;}i,— iirite Command to FAS Lead Time 25 30 ns
| touL |write Command to CAS Lead Time 25 30 ns
tps |Data ;;t:-_l,'p :[:'Lme_ ) o 0‘ 0 ns 11
tpiy |Data iold Time B 20 25 ns 11
Eprip |Data Hold Time refercnced to RAS 75 90 ns
CREF [Refresh Period 3 8 ms
tycs [VUrite Command Set-Up Time 0 0 ns 12
LcSR |TAS Set-Up Time (CAS before RAS Cycle)| 10 10 ns
ECHR |CAS llold Time (CAS before RAS Cycle) 30 30 ns
LRPC |RAS to CAS Precharge Time 0 0 ns
tepT fTiPrechargfz_’I“ime 50 60 nS
(CAS before RAS Counter Test Cycle)
tcpn |CAS Precharge Time 15 20 ns
CAPACITANCE  (Vpe=5V+10%, E=1iHz, Ta=070°C)
SYBOL | PARAMETER HIN. MAX. UNIT
Cr1 Input Capacitance (A0~ A9, T, CAS, RAS) 60 pF
Cio Input Capacitance (D8, CAS8) 7 pF
Cpq I/0 Capacitance (DQO ~DQ7) 15 pF
Cq Output Capacitance (Q8) 10 pF
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THMO10008/L-10/12

NOTES:

1.

6.

10.

11.

L2.

13.

14,

Stresses greater than those listed under "Absolute Haximum Ratings" may cause
permanent damage to the device.

All voltages are referenced to Vss.
feets Teesds Teess Icce depend on cycle rate.

Iccls, Teee depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power-up followed by 8 RAS cycles

before proper device operation is achieved. [n case of using internal refresh
counter, a minimum of 8 CAS before BAS initialization cycles instead of 8 RAS

cycles are required.

AC measurements assume tr=5ns.

Vin(min.) oand Vip(nax.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vyp,.

leasured with a load equivalent to 2 TTL loads and 100pF.

torF(max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either tpoy or tpgy must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in carly write cycles and
to WRITE leading edge in read-write cycles.

tycs is not restrictive operating parameters. This is included the data sheet
as electrical characteristics only. If tiycs 2 tycs(min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance).

Operation within the tgcp(max.) limit insures that tpac(max.) can be met.
trep(max.) is specified as a reference point only: If tgcp is greater than the
specified tppp(max.) limit,. then access time is controlled by tcac.

Operation within the tRAD(max.) limit insures that tRAC(max.) can be met.

trap(max.) is specified as a reference point only: If tRAD is greater than the
specified tpap(max.) limit, then access time is controlled by taa.
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READ CYCLE

VIH
‘1L
i
[V

KA
v

4

Ay

ViL

— VIH
WRITE
YIL
Yoy

Vo

THM91000S/L-10/12

tRe
Lip
"RA3
N N N
tosH
LORE "D it e
- \\ ToAY / /
AR
“iAD "HAL
LT Al Tae oAy
- / ' /7,
N e \ COLUMIH | /////// // // ) A
" RUH
RCS TREY
I/ \Y
taa
tonz TR
R4
- AC . .
OEEN § E;x. VALID DATA )

I Don’t Care
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 THM910008/L-10/12

EARLY WRITE CYCLE

......

Ap~Ag

Dry

C— / \_
- pEor I
/1 T
- :f/////{/////////gi:m e

Dout

! Don’t Carse
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THM91000S/L-10/12

@} ! Don’t Cars

— A-189 —

FAST PAGE MODE READ CYCLE
“RAGP “RE
Vig Tt T ) -
KAy \ /
Vin — X o
tosH tpg "RSH
toRP “RCD toas top tcas tep teoay eRP
s — = g e B = B
— Y14 \ /
CAL . \ | L
v, T
LRAL
"AR i~
"ASR | {PRAH TASC toan| fasg ToAH basg SCAH
A (5G] B | e Ly
Vig — wey vl i T oson oL
Ag~Aag // ROW coL ooL C /
V[L - - hor X 3 N b X L
TRAD SHRH
CRCH CroH
tres tRCs t=cs CROH
1 - Fe
P— —— f— 1/’, = g — /
wRits /iiiii/j::j? ' W " l Q/:;
Vi, — : ToAC "CAG tcAg
CAA UAA UAA
tRAC tCEa |__tcpa
. - - - \r |
VoH (YaLID VALID VALID
Doyt DATA DATA | DATA
VoL
_I toFr LORF J LOFF
torz ' teLL tenz



THMOTO00S/L10/12

FAST PAGE

MODE WRITE CYCLE

(EARLY WRITE)

ViH

/I,

— 1H
v ibed

kats

) Vi

.‘.\)\‘;\9

Vi

Yz

FRITE -

VIn

‘ Vin
Dru

Vi

5 Vou
- Doyt

Vor

—————— -y

- RGH
bonp TyeD CoA top F' Uiay top Fag o
A ' ’ I\
— \ \—\r— \ - =
dl —— TRAL
Tasr] o |liad " A o fat Toa 2R ZoaH

|

OV >@< oL E@{ coL T ocon %/////////
= A he e /
tRAD
CAGR twes] LWCH twow
g UyCH
. Lyp twes
WP o
TN N | W T
" ps CpH tpg UpH tpg ChH
—:////////////y VALID DATA }@‘;ALID DATH VALID DATA-W//,7
B . e = 4 //

DHR

OPEN

:Don’t Care
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THM91000S/L-10/12

RAS ONLY REFRESH CYCLE

"Re

Chp

Vg — :\ // N
HAL
Vi, — : )

,,,,, - AN S A \ /
YL 7T

Tack] | Prau

w1 N T

Doiym OPiN

:Don’'t Cara

Note: WRITE=Don't care, A9=Don't care
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 THM91000S/L-10/12

CAS BEFORE RAS REFRESH CYCLE

TRC
.
tR;
“Ras P
TAS : \
Cory | loox TUHR
R 7 /
CAG
tL T )
LOEF
[ —
y -
- o }— opEN
) VQL, — -

:Don‘t Care

Note: WRITE=Don't care, A0 Vv A9=Don't care
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HIDDEN REFRESH CYCLE (READ)

THM91000S/1-10/12

e T —
- x S —
= T :::c‘: SR I
" il///ﬂl// Y

:Don’‘t Care
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~ THMO1000S/L-10/12

liIDDEN REFRESH CYCLE (WRITE)

LRP LRAS

oo 2 DX N e RO

(/LI L L

) R Y
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CAS BEFORE CYCLE

RAS REFRESH COUNTER TEST

THM91000S/L-10/12

LRp

L RrAY -
S 1 11! /q\_

r -

ViH
REY

ViL —— —

LouR YR T\

Yig T
APRIVS)

Vi T

i~y E; /// //// )// v

READ CYCLE

[ ‘on

Faal

[ s

JALLD DATA

- Ve T SIS ST ST
| warTs ') ’/, 7/ //".’/, S
\ Vi, T / VAV

WRITE

o ——
r - Vi
i D557 PEe
H Ik R
ST,
AT

S

e 8 TN
SNLTIS ! //
s I TN

Oy

fﬁif T,

'S “oH

WAL,
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OUTLINE DRAWINGS

- THM91000S
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Unit in mm
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TOSHIBA MOS MEMORY PRODUCTS

2,048 worp x 8 &iT sTaTic Rav TMM2015BP-90, TMM2015BP-12

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

TMM2015BP-10, TMM2015BP-15

DESCRIPTION

The TMM2015BP is a 16, 384 bits high speed
and low power static random access memory orga-
nized as 2, 048 words by 8 bits and operates from a
single 5V supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/
100ns/120ns/150ns and maximum operating cur-
rent of 50mA. When CS is a logical high, the device

FEATURES
@ Access Time and Current

Parameter|  Access Operating Standby
Part Time Current Current
Number (Max.) (Max.) (Max.)
TMM2015BP-90 90ns 50mA 5mA
TMM2016BP-10 100ns 50mA 5mA
TMM2015BP-12 120ns 50mA 5mA
TMM2015BP-15 150ns 50mA 5mA

® High Density Assembly Capability
0.3 inch width package (24pin plastic DIP)

_PIN CONNENCTION

arg 1~ zahvgg
a6 2 230 A8
A5 3 22 P A9
A 4 21QWE
a3 5 B 20 CF
A2Q 6 19 Al0
AlgQ 7 18 CS
AoO 8 g 173108
ro1goe v~ 161,07
1702 Q10 15A 1,06
1,03 Q11 14P 108
aND 12 13R 1,04
PIN NAMES
Ao~A3 Column Address Inputs
As~Aro Row Address Inputs
[ Chip Select Input
WE Write Enable Input
1/01~1/0s Data Input/Output
OE Output Enable Input
Vee Power (5V)
GND Ground

B-3

is placed in a low power standby mode in which
maximum standby current is 5mA, Thus the
TMM20156BP 1s most suitable for use in microcom-
puter oeripheral memory where the low power
applicauons are required. The TMM2015BP s fa-
bricated with 1on implanted N channel silicon gate
MOS technology for high performance and high
reliability

® Single BV power Supply

@ Fully Static Operation

® Power Down Feature: CS

e Output Buffer Control: OE

o Three State Outputs

@ All Inputs and Outputs: Directly TTL Compatible

@ Inputs Protected: All inputs have protection
' against static charge.

'BLOCK DIAGRAM

cs
A4 -

A5 1 %

A6 = g MEMORY -—0 Veoe
a7 - % | CELL aRmay -0 anp
A8 = (128x16x8)

A9 S

AlQ x

g

= 10 CIRCUIT

1/01 o——P>-
1,/02 o—
1/030
1/04 0
1/050
1/06 O
1/070
1/08 o

COLUMN
DECODER

Y¥Y]
L=
i

A

CS A0 Al AR A3

— CS

= & ol




- TMM2015BP-90, TMM2015BP-12
- TMM2015BP-10, TMM2015BP-15

SYMBOL ITEM RATING UNIT

Vee Power Supply Voltage -0.5~7.0 \%
Vin, Vout Input/Output Voltage -0.6*~7.0 \
Torr Operating Temperature 0~70 ‘C
TstG Storage Terperature —-565~150 C
TsoLoer Soldering Temperature - Time 260-10 *C-sec
Po Power Dissipation(Ta=70°C) 0.7 w

(Ta=0~70°C)

SYMBOL MIN. TYP. MAX. UNIT
Vi Input High Vovtage 2.0 — Vee+1.0 \
ViL Input Low Voltage —0.5** — 0.8 \'
Vee Power Supply Voltage 4.5 5.0 5.5 Y
* % —3.0V at Pulse width 50ns
Ta=0~70C, Vcc=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Input Leakage Current Vin=0V~5.5V -10 - 10 kA
Von Output High Voltage lour=—1.0mA 2.4 — — \%
“ Vo Output Low Voltage lour=4.0mA — — 0.4 Vv
: §=VIH or
Lo Output Leakage Current WE=ViL or OE=VH, -10 — 10 uA
Vour=0V~5.5V
Isep Peak Power-on Current CS=Vec, lour=0mA - — 10 mA
Iss Standby Current CS=Vm , lour=0mA — - 5 mA
lec Operating Current CS=Vi, lour=0mA — — 50 mA
Ta=256°C, f=1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5 pF
Cout Output Capacitance Vour=0V 10 pF

% % * Note : This paramenter is periodically sampled and is not 100% tested.



TMM2015AP-90, TMM2015AP-12
TMM2015AP-10, TMM2015AP-15

. A. C. CHARACTERISTICS ' (Ta=0~70°C, Vcc=5V£10%)

Read Cycle
SYMBOL PARAMETER TMM2015BP-90 | TMM20158P-10 | TMM2015BP-12 | TMM2015BP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

tRe Read Cycle Time 90 — | 100 — | 120 — | 150 —
tacc Address Access Time - 90 - 100 - 120 | — 150

tco Chip Select Access Time -_ 90 — 100 - 120 - 150

toe Output Enable Time — 35 — 35 — 50 — 55

Output Data Hold Time from Address
toH Change 10 —_ 10 — 10 —_ 10 —_
— ns

teLz CS to Output in Low-Z 15 —_ 15 — 15 - 15 —
temz CS to Output in High-Z - 40 — 40 — 40 — 55
torz OE to Output in Low-Z 5 — 5 — 5 — 5 -
tomz OE to Output in High-Z — 35 — 35 — 35 — 50

tru Chip Selection to power Up Time 0 —_ 0 — 0 - 0 —

0 C.hlp Deselection to Power Down _ 50 _ 50 _ 60 _ 60

| Time
Write Cycle
SYMBOL PARAMETER TMM2015BP-90 | TMM2015BP-10 | TMM2015BP-12 | TMM2015BP-15 UNIT
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

twe Write Cycle Time a0 — 100 — 120 - 150 -
tew Chip Selection to End of Write 60 — 70 — 85 — 100 -

tas Address Set Up Time ' 20 - 20 — 20 - 20 -
twp Write Pulse Width 55 - 65 — 80 - 100 — ns
WA Write Recovery Time 0 — (0] - 0 - (¢} —

s Data Set Up Time 30 . 35 — 45 - 50 —
toH Data Hold Time . 0 - 0 — o] - 0 -
twiz WE to Output in Low-Z 5 — 5 - 5 - 5 —
twhz WE to Output in High-Z - 25 - 30 - 35 - 50

_A. C. TEST CONDITIONS

Input Pulse Levels 0~-3.5V

Input Rise and Fall Time 10ns

Input and Output Timing Reference Levels 1.5V

QOutput Load ) 1 TTL Gate & CL.=100pF




- TMM2015BP-90, TMM2015BP-12
- TMM2015BP-10, TMM2015BP-15

TIMING WAVEFORMS

® (A) READ CYCLE (1)

M

ADDRESSES )(

&

oF \

t

ACC

tor

N

toHZ

LT

Doy

toLz

® (B) READ CYCLE (2) (1), (2)

HIGH IMPEDANCE )@
N

toH

TR HIGH :
Q OUTPUT DATA 0:0:0:0‘9 h1GH MEADANCH

UNKNOWN

;

TS “co
N
N
tcLz
HIGH
IMPEDANCE y,
Doyt \
UNKNOWN
t

SUPPLY Igg
CURRENT lIgp

® (C) WRITE CYCLE (1

ADDRESSES

Doyt

tcHZ

HIGH

WOUTPUT DATA VALID

ZIMPEDANCE

13
twe .
X X
| tow twr
NN . AAAAIII
Lag twp
NN £
: | tps tpH |
444}*{447DATA IN VALID
LwHZ wLz
Lﬁ } HIGH IMPEDANCE j}J e&m‘v“‘




TMM2015BP-90, TMM2015BP-12
TMM2015BP-10, TMM2015BP-15

® (D) WRITE CYCLE (2) (3)

ADDRESSES )( )K
cs Y \\ \’_\ 7/7
= .. S
tps ton |

oLz twhz

HIGH IMPEDANCE A ) Ty

HIGH IMPEDANCE

vyl

Doy

NOTES:

(1) The WE is high for read cycle.
Device is continuously selected, CS =Vi_ in read cycle (1)

(2) Al addresses are valid perior to or simultaneously with CS transitions.

(3) A write occurs during the overlap of low CS and low WE.
The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the
overlap time of low CS and low WE.
OE is allowed to be low or high level in write cycle.
If the OE is high, the output buffers remain in a high impedance state in this period.

(4) If the TS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in
a high impedance state in this period.

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high
impedance state in this period.

These parameters are specified as follows and measured by using the load shown in Fig. 1.
(A) 1CLZ, TOLZ, tWLZ  reeevserrersrensecnecanianaes OUtpUI Enab|e Time

(B) TCHZ, TOHZ, TWHZ eeeeverereerrrrmnrcroneaianas OUtpUt Disable Tlme

1.8kQ
Dout

qj 0.15V

HIGH iMPEDANCE 0.15V . HIGH IMPEDANCE . )

Dou 0.15V Cp=30pF L02Q
¢ . 4 —“O.lbv

Fig. 1 Output load condition for enable disable time measurement.




TMM201 SBP-QO TMM201 SBPf1 2

Unit: mm

6.5 MAX,

7.62+0.25

-
0.5MIN,

SMAX

2.OMIN.

14+015 ) 27MAX

0.5+0.15

254 +0.R5

NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true Iongutudlnal position with respect
to No.1 and No.24 leads.

Note : Toshuba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

2,048 worD x 8 aiT static Rav TMIM201 6BP-90, TMM2016BP-12

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

TMM2016BP-10, TMM2016BP-15

DESCRIPTION.

The TMM2016BP is a 16,384 bits high speed
and low power static random access memory orga-
nized as 2,048 words by 8 bits and operates from a
single 5V supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/
100ns /120ns/150ns and maximum operating cur-
rent of 50mA. When CS is logical high, the device is

~_FEATURES
© Access Time and Current

Parameter| Access Operating Standby
Part Time Current Current
Number {(Max.) (Max.) (Max.)
TMM2016BP-80 90ns 50mA 5mA
TMM2016BP-10 100ns 50mA 5mA
TMM20168BP-12 120ns 50mA 5mA
TMM2016BP-15 150ns 50mA 5mA

PIN CONNECTION

V.

A7QL Voo
A6 Oz 230 A8
Ab Qs 220 a9
A+ Q4 21D WE
A3ds ; 20 0F
. . a
AzQo = 193 a0
L = by >  1sPgs
aAoCs § 7P 108
o1 s -~  lsP1/0%
1/0x 10 150 106
Losii 14 1,05
GNDCFLz 130 L04
PIN NAMES
Ao~A3 Column Address Inputs
As~Aro Row Address Inputs
cS Chip Select tnput
WE Write Enable Input
1/01~1/08 Data Input/Output
OE Output Enable Input
Vee Power (5V)
GND Ground

placed in a low power standby mode in which
maximum standby current is 5mA. Thus the
TMM2016BP is most suitable for use in microcom-
puter peripheral memory where the low power
applications are required. The TMM2016BP is fa-
bricated with ion implanted N channel silicon gate
MOS technology for high porformance and high
reliability

® Single 5V Power Supply

® Fully Static Operation

® Power Down Feature CS

e Output Buffer Control OE

@ Three State Outputs

o All Inputs and Outputs: Directly TTL Compatible

o Inputs Protected: All inputs have protection
against static charge

BLOCK DIAGRAM_

cs
A4
AS B
ae a MEMORY —o Vg
A7 2 — CELL ARRAY o GND
A8 a (128X16x8)
A9 g
Al0 .
O
I/Olo——ir—% ,'}\
1/020- ﬁgﬂ 10 CIRCUIT
L/030- B | coroms
L/os0- %J DEC ODER
/050 £} l
1/060- I
s ol ararwrs
CS A0 Al AZ A3 —]
cs
cs
WE
[ -/



- TMM2016BP-90, TUM2016BP-12
- TMM2016BP-10, TMM2016BP-15

SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage -0.5~7.0 \%
Vin, Vour Input/Qutput Voltage —-0.5*~7.0 Vv
Torr Operating Temperature 0~70 ‘C
Tsta Storage Terperature —65~150 °C
TsoLDER Soldering Temperature « Time 260-10 C-sec
Po . Power Dissipation(Ta=70°C) 1.0 W
* —3.0V at Pulse width 50ns
).C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN TYP MAX. UNIT
Viu Input High Vovtage 20 - Vee+1.0 \%
ViL Input Low Voltage -0 b** — 0.8 \
Vee Power Supply Voltage 4.5 5.0 5.5 \%
* % —3.0V at Pulse width 50ns
 D. C. CHARACTERISTICS = (Ta=0~70°C, Vec=6V+10%)
SYMBOL PARAMETER CONDITIONS MIN TYP. | MAX. | UNIT
m Input Leakage Current Vin=0V~5.5V -10 - 10 uA
Vou Output High Voltage lour=—1.0mA 2.4 — . \
VoL Output Low Voltage lout=4.0mA —_ — 0.4 \%
§=VIH or
lo Output Leakage Current WE=ViL or OE=V, -10 - 10 uA
Vour=0V~5.5V
Issp Peak Power-on Current €S=Vcc lout=0mA — — 10 mA
Isg Standby Current CS=Vin lour=0mA — — 5 mA
Icc Operating Current CS=Vi lour=0mA - — 50 mA
|CAPACITANGE ™+ (1a=25°. (=11
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5 pF
Cour Output Capacitance Vour=0V .10 pF

* % * Note: This paramenter is periodically sampled and is not 100% tested

— B10 —




TMM2016BP-90, TMM2016BP-12
TMM2016BP-10, TMM2016BP-15

__A. C. CHARACTERISTICS |

Ta=0~70C, Vcc=5V+10%)

Read Cycle
TMM2016BP-90 | TMM2016BP-10 | TMM2016BP-12 | TMM2016BP-15
SymeoL PARAMETER MIN. [ MAX. | MIN. [ MAX. | MIN. | MAX. | MIN. | MAX. UNIT
tRC Read Cycle Time 90 — 100 — 120 — 150 —
tacc Address Access Time - 90 - 100 - 120 - 150
tco Chip Select Access Time — a0 - 100 - 120 — 150
toe Output Enable Time - 35 - 35 — 50 - 55
ton Output Data Hold Time from Address 10 N 10 _ 10 _ 10 _
Change
— ns
tewz CS to Output in Low-Z . 15 - 15 — 15 — 15 -
tcHz CS to Output in High-Z — 40 - 40 - 40 — 55
torz OE to Output in Low-Z 5 — 5 — 5 - 5 -
toHz OE to Output in High-Z — 35 — 35 — 35 - 50
tey Chip Selection to power Up Time 0 - 0 —_ 0 - 0 -
Chip Deselection to Power Downl
teD ) — 50 — 50 — 60 — 60
Time
Write Cycle
SYMBOL PARAMETER TMM20168P-90 [ TMM2016BP-10 | TMM20168P-12 | TMM2016BP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 90 - 100 - 120 - 150 -
tow Chip Selection to End of Write 60 - 70 - 85 - 100 —
tas Address Set Up Time 20 - 20 - 20 - 20 —
twe Wirite Pulse Width 55 — 65 - 80 — 100 — ns
tWR Write Recovery Time 0 - 0] - 0 — 0 -
tos Data Set Up Time 30 — 356 — 45 - 50 —
toH Data Hold Time [¢] - 0 - (6] — [o] —
twiz WE to Output in Low-Z 5 — 5 — 5 — 5 -
twHz WE to Output in High-Z - 25 — 30 — 35 - 50
| A.C. TEST CONDITIONS |
Input Pulse Levels 0~3.5V
Input Rise and Fall Time 10ns
Input and Output Timing Reference Levels 1.5V
Output Load 1 TTL Gate & C.=100pF

— B-11 —



~ TMM2016BP-90, TMM201GBP-12
TMM201GBP-10 TMM201GBP-15

® (A) READ CYCLE (1) (1)

tRC

ADDRESSES X X

tacc

toHZ
Yo

OE \\ K ’ 7;;;A’;;;;;;;;;3A

oLz toH

HI EDAN
HIGH IMPEDANCE 4 OUTFUT DATA VALLD GH IMP CE
Doyt
UNKNOWN

e (B) READ CYCLE (2) (1), (2)

— tco
5 T\ N i /
tcLz toHZ
?&GP!E{DANCE A ‘Q“V‘V‘\g ?ggb ANCE
Doyt ,‘”g‘\, OUTPUT DATA VALID
UNKNOWN

tp!ﬁ tep '
SUPPLY Igg =~~~=-—=---- ;l
CURRENT Igp —Jl ‘ :

@ (C) WRITE CYCLE (1) (3)

W
ADDRESSES )( x
tow ' 1 TwR
EEANNNANNNNLY ), /
tas twp
VE RO ya
L tps oy |
LID
Din * DATA IN VA
twLz
A ;V' TRRRIITRY, HIGH IUPEDANCE J '.v,,v XX
Dour  SEREREIK QIR % %‘ X




TMM2016BP-90, TMM2016BP-12
TMM2016BP-10. TMM2016BP-15

® (D) WRITE CYCLE (2) (3)

l we |
& =k |
"E \ | N b ALY,
| tps ‘o |

D1y * DATA IN VALID ;{

|corz wiiz_|

HIGH IMPEDANCE A HIGH IMPEDANCE
Doyt L4

NOTES:

(1) The WE is high for read cycle.
Device is continuously selected, CS=Vi in read cycle (1)

{2) Al adresses are valid perior to or simultaneously with CS transitions.

(3) A write occurs during the overlap of low CS and low WE.
The tew is specified as the time from the chip selection to end of write in write cycle , and the twp is specified as the
overlap time of low CS and low WE.
OE is allowed to be low or high level in write cycle.
If the OE is high , the output buffers remain in a high impedance state in this period.

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in
a high impedance state in this period.

(6) If the CS high transition occurs simultaeously with WE high transition, the output buffers remain in a high impedance

state in this period.

Thease parameters are specified as follows and measured by using the load shown in Fig. 1

(A) 1CLZ, TOLZ, DWLZ  s*ceresrecessrsosssseccsnins OUtpUt Enable Tlme
(B) tCHZ, TOHZ, TWHZ “tereresererosesesesnresaaanas Output Disable Time
— sV
TWOE ——-——-- \ 4
/ 3 18kQ
—_7
VE Dout
0] (8 ] :
/ o frmer __‘_o.lsv CL=30pF 10kQ
HIOH IMPEDANCE 0.15V HIGH IMPEDANCE I
Dour 0.15V >
4 A —’_ 015V

Fig. 1 Output load condition for enable disable time measurement.
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TMM2016BP-90, TMM2016BP-12
TMM2016BP-10. TMM2016BP-15

24 23 22 21 20 1918 17 16 15 14 13 Unit: mm
P
{ =
R15 "n 3
-
i e S S s e e e e il i S
1 234 655 7 8 9 101112
>
. 324MAX S 15.24+0.25
[le]

iy e by e o o o
ITHIHTHIHH] {[
— 0257332

| 153~174 l

NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No.24 leads. .

2541025

o
o
H
o
- e
o
32 MIN

Note:  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.

CAug, 1985 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCT

2,048 WORD X 8 BIT CMOS STATIC RAM

TC5517CP-15/CPL-15/CP-20/CPL-20
TC5517CF-15/CFL-15/CF-20/CFL-20

DESCRIPTION

The TC5517CP/CF is a 16384-bit high speed and
low power fully static random access memory orga-
nized as 2048 words by 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply.
The TC5517CP/CF has a output enable inputs, OE
for fast memory access and output control and chip
enable enable input CE, which is used for device
selection and can be used in order to achieve mini-
mum standby current mode easily for battery back
up. Also the high speed and low power characteris-
tics which maximum access time is 150ns, 200ns
and maximum operating current is bmA/MHz are

FEATURES

o Low Power Dissipation

5mA/MHz (Max.) Operating
0.2AMAX.) at Ta=25°C Standby
1.0uA(MAX.) at Ta=60"C Standby

o 5V Single Power Supply

o Low Voltage Operation : Vop=3V
tco=1us{MAX.) Ta=60°C

© Wide Temperature Operation
Ta=—-40~85C

o Fully Static Operation

o Data Retention Voltage : 2.0V~5.5V

@ Output Buffer Control : OE

PIN CONNECTION (TOP VIEW)
awmd 1~ apvp
asQ 2 230 A8
asg 3 220 A9
ALl 4 21 g RW
A30 5 200 OF
A2 ¢ 198 Alo
A Qg 7 18[ CE
A0(Q 8 170 1/08
/010 9 168 1/07
1/02 0§10 150 1,06
/030311 14P 1/05
ONDE 12 1301 1,04
PIN NAMES
Ao~Aio Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE - Chip Enable Input
1/01~1/08 Data Input/Output
Voo Power (+5V)
GND Ground

achieved. Thus the TC5517CP/CF is most suitable
for use in low power applications where battery
operation or battery back up for nonvolatility are
required. Furthermore the TC5517CPL/CFL guar-
anteed a standby current epual to or less than 1uA at
60°C ambient temperature available. And the
TC5517CP/CPL is pin compatible with 2716 type
EPROM. This means that the TC5517CP/CPL and
EPROM can be interchanged in the same socket,
and the flexibility in the definition of the quantity of
RAM versus EPROM allows the wide application in
microcomputer system. '

® Access Time

TC5517CP-16/CPL-15 | TC551 7’cp-20/ch-2o

\ TCB517CF-15/CFL-15 | 1C5617CF-20/CFL-20
%?nderfsﬂixgccess 150ns 200ns
(CEA;?CGSS Time 150ns 200ns
(GEAXA_)CCESS Time 70ns 100ns

@ Directly TTL Compatible : All Inputs and Outputs
® 24 Pin Standard Plastic Package : TC5517CP
@24 Pin Flat Package TC5517CF

BLOCK DIAGRAM

CLOCK
GENERATOR

PRECHARGE
CIRCUIT
|

At 2 H
AS e 8 MEMORY CELL
a6 RN
A7 an &= ARRAY
A8 st
o =2|| = 128x128
AlO 252
Hh
o ==
1/01 R SENSE AMP, AND
25 COLUMN DECODERE=—1X]
r g8
o— <5n COLUMN ADDRESS
L/08 Ado|l ] BUFFER
CE
é AD lAl$ Azl A3
CE :D
=i
oF —i————cb—— b



TC5517CP-15/CPL-15/CP-20/CPL-20
TC5517CF-15/CFL-15/CF-20/CFL-20

.OPERATION MODE

MODE CE OE R/W Ag~A, 1/0,~1/0s POWER
Read L L H Stable Data Out lobo
Write L * L Stable Data In lobo
Output Deselect L H H * High Impedance lobo
* % Standby H * * * High Impedance loos
Note: * : Horl * * : DataRetention Mode
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vob Power Supply Voltage —-0.3~7.0V
Vin Input Voltage —~0.3V~Vvoo+0.3V
Vi.o Input/Output Voltage —-0.3V~Voo+0.3V
Po Power Dissipation(Ta=85°C) 0.8W(0.45W)*
Tstc Storage Temperature —-55°C~150°C
Torr Operating Temperature —-40'C~85°C
TsoLDER Soldering Temperature-Time 260°C-10sec.
*Plastic FP=0.45W
‘R'ECOMMENDED D. C. OPERATING CONDITIONS (Ta=-40~85'C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \
VIH Input High Voltage 2.2 — Vop+0.3 \
Vio Input Low Voltage -0.3 — 0.8 \
. Vo i Data Retention Voltage 1 2.0 e 5.5 \%

D. C. CHARACTERISTICS (Ta=—40~86'C, Voo=56V10%)

TC5517CP-15 | TC5517CP-20
SYMBOL PARAMETER CONDITIONS CF-15 CF-20 | UNIT
MIN. | MAX. | MIN. | MAX.
i Input Leakage Current 0=ViNEVoo - +1.0 +1.0| wpA
ILo 1/0 Leakage Current CE=Vi, OV=EV,0= Voo — +5.0 +5.0 | uA
loH Output High Current Von=2.4V -1.0 -1.0 mA
loL Output Low Current . Vou=0.4V 2.0 — 2.0 — mA
lobs1 E2=2.2V — 3.0 - 3.0 mA
I TC5517CPL/ |[Ta=25C| — 0.2 — 0.2
CE=Vpp—0.5V
CFL |Ta=60C — 1.0 — 1.0
b t Ta=25C — 1.0 — 1.0 A
Ibps2 Standby Curren TCE517CP/ a U
N CF Ta=60"C — 5.0 - 5.0
Ta=85C — 30 — 30
Ibpo1 teycle=Min . cycle, Vin=Vin/ViL — 45 30
Iobo2 _ CE=0V, lour=0mA Vin=Voo/GND — 40 25
Operating Current mA
lopos teycle= Tus, Vin=Vin/ViL — 10 - 10
lonoa CE=0V, lour=0mA ViN=Vpp/GND | — 5 - 5

Note : Typical values are at Ta=25°C, Vop=5V.
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TG5517CP-15/CPL-15/CP-20/CPL-20
TG5517CF-15/GFL-15/CF-20/CFL-20

CAPACITANCE
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CIN Input Capacitance — 5 10 pF
Ci/o Input/Output Capacitance — 5 10 pF
Note : This parameter is periodically sampled and is not 100% tested.
A. C. CHARACTERISTICS (Ta=-40~85"C, Vop=5V+10%)
Read Cycle
TC5517CP-15/CPL-15 TC5517CP-20/CPL-20
SYMBOL PARAMETER TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 | UNITS
MIN. MAX. MIN. MAX,
tRe Read Cycle Time 150 — 200 —
tacc Address Time — 160 — 200
toe OE to Output Valid = 70 - 100
tco CE to Output Valid — 150 — 200 ns
tcoe CE or OE to Output Active 10 — 10 —
ton Output High-Z from Deselection — 50 . 60
toH Output Hold from Address Change 15 — 20 —
Write Cycle
TC5517CP-15/CPL-15 TC5517CP-20/CPL-20
SYMBOL PARAMETER TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 | UNITS
MIN. MAX. MIN. MAX.
twe Wirite Cycle Time 100 — 200 —
twe Write Pulse Width 120 — 150 —
taw Address Set up Time (0] — (o] -
twR Write Recovery Time [0} — 0 — ns
toow Output High-Z from R/W — 50 — - 60 ns
toEw Output Active from R/W 10 — 10 -
tos Data Set up Time 60 — 80 —
toH Data Hold Time 6] - ] —
A.C. TEST CONDITIONS
Output Load :100pF+1TTL Gate Timing Measurement Reference Levels
Input Pulse Levels: 0.6V, 2.4V Input: 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times - 10ns
3V OPERATE SPECIFICATION
D. C. RECOMMENDED OPERATING CONDITIONS (Ta=-10~60°C)
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Voo Power Supply Voltage 2.7 3.0 3.3 Y
ViH Input High Voltage Vop—0.2 — Vob \Y
Vi input Low Voltage 0 — 0.2 \
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- TG5517CP-15/CPL-15/GP-20/CPL-20
TC9517CF-15/CFL-15/CF-20/CFL-20

D.C. CHARACTERISTICS

{(Ta=-10~60°C)

SYMBOL | PARAMETER CONDIOIONS MIN. TYP. MAX. UNIT
I Input Leakage Current OV=ViNEVoo - - +1.0 uA
ILo Output Leakage Current CE=Vi, OV=Vio=Vop - — +5.0 uA
loH Output High Current Von=Vnp~-0.2V —-100 - — uA
lot Output Low Current Vou=0.2V 100 - - KA
’ TC5517CPL/ |Ta=25C - — 0.2
. — CFL [Ta=60C - - 1.0
toos | Standby Current CE=Vin TCB517CP/ |Ta=26'C| — = 1.0 #h
CF |Ta=60C - — 5.0
CE=0V, teyle = 1pS€C - 2.0 3.0
lobo Operating Current lour=0mA mA
) tr, t<20nsec- teycle= 10useC — 0.3 0.5
® All voltage is measured from GND.
A. C. CHARACTERISTICS (Ta=—10~60°C, Voo=3V+10%)
Read CYCLE
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tre Read Cycle Time 1000 — . ns
tacc Address Access Time — 250 1000 ns
toe OE to Output Valid — 80 200 ns
tco CE to Output Valid — 250 1000 ns
tcoe CE or OE Output Active 10 — ns
ton Output High-Z Deselection — - 200 ns
l toH Output Hold from Address Change 20 — —_ ns
WRITE CYCLE
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
twe Write Cycle Time 1000 — —_ ns
twe Write Pulse Width 500 — — ns
taw Address Set up Time 100 - - ns
tWR Write Recovery Time 100 — - ns
toow Output High-Z from R/W - — 200 ns
toew Output Active from R/W 10 — — ns
t0s Data Set up Time 400 — - ns
toH Data Hold Time 50 — - ns
‘A. C. TEST CONDITIONS
© Output Load :100pF (Include Jig)
© Input Pulse Levels 1 0.2V, Vop—0.2V
© Timing Measurement Level ‘Input: 1.6V, 1.5V
° ] Qutput: 1.5V ,1.5V
@ Input Puise Rise and Fall Times : =20ns
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TG3517CP-15/CPL-15/CP-20/CPL-20
TC9517CF-15/CGFL-15/CF-20/CFL-20

TIMING WAVEFORMS

® Read Cycle
LR
VIH Vid  |Vin
ADDRESSES ><V1L VILIANVIL
tacc tUH
I teo S VIH
- 4
5 NNy /
VIL LoD
IH  toy VIH
NN Y21
tooR LoD
tcok VoH
v OUTPUT VOH
VL VATA VALID
VoL
o Write Cycle 1 (2)
twe
v VIH VIH
ADLRESSHS vip V1L ViL
Law,
cn \\ ViL V11 / // /
twp(3) twr
VIH
How VIL/
LORW,
00 XTI X XX XX ".""0
3 % .
Doyt o:o:o.o‘o.o‘0'0’{0:0:.:.:.:,. Q ‘:Qo’o (6)
L0 00.0.9.0,8°0% %% QUXX XY '
tps(a)| |toH(e)
V1H fVlu
DI DATA IN STABLM
V11, VL
o Write Cycle 2 (2) .
twe
v v Vid
ADDRESSES LH H
2 viL Vi Viy
2 WE(3) YW
ViR VIH
TE \\\ \\\ viL ViL
Vin

v \\ \\Vu ViL // /

‘LC_LH o Lopw
V7% 4%
Doyt :'::EM:
tps(e) tpr(4)
Vin Vi
Din DATA IN STABLE
Vi, Vi

m : UNKNOWN
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T65517CF-15/CFL-15/CF-20/CFL-20

Note:

1.

R/W is high for a Read Cycle.

ain in a high impedance state.

2. OE=Vinor VL. If, OE=Vix during write cycle, the output buffers rem
3. twr is specfied as the logical "AND" of CE and R/W. o
twe is measured from the latter of CE or R/lv going low to the earlier of CE or R/W going high.
4. tow, tos are measured from the earlier of CE or R/W going high.
5. If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1, the output
buffers remain in a high impedance state in this period.
6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1, the output
buffers remain in a high impedance state in this period. .
7. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, the output
buffers remain in high impedance state in this period.
DATA RETENTION CHARACTERISTICS (Ta= ~40~85C)
SYMBOL - PARAMETER MIN. TYP. MAX. UNIT
VoH Data Retention Power Supply Voltage 2.0 — 5.5 \
TC8517CPL/CRL | —2=25C | = 1 0.008 | 0.2
B Ta=60C - - 1.0
lops2 Standby Current Ta=25C — 0.05 1.0 kA
TC5517CP/CF Ta=60°C - - 5.0
Ta=85C — - 30
tcon From Chip Deselection to Data Retention Mode [0] - — ns
R Recovery Time tac(1) __ - —
Note :
1. tac: Read Cycle Time
VoD —————\ DATA RETENTION MGDE /
(2)
ViH -
— R
Ck Vpp— 0.5V
Vip e
GND
Note : o
2. 1f the Viu level of CE is 2.2V, during the period that the Voo voltage is going down from 4.5V to 2.7V lpps1 current flows.
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' OUTLINE DRAWINGS

® Plastic DIP
24 2322 21 20 1918 17 16 15 14 13
minininicicieicinisleln
-1 b
A 3
2%
R15 <
q F"‘
[ OO R D O B O
1 2 3 4 5 6 7 8 910 11 12

324 MAX,

‘ 1524TYP, ‘

0251005

05 MIN,

°

= [}
SMAX

14+£015
T

l 17.4 MAX
I

05+015

3.2MIN,

2.5410.25

02MAX,

Note :  Each lead pitch is 2.54mm. All leads are located within O.25mm of their longitudinal position with respect to
No.1 and No.24 leads.

All dimensions are in millimeters.
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TC5517CF-15/CFL-15/CF-20/CFL-20

® Plastic FP

< . <
[} E <]
t = H
0 @ 0
~ ~~ o —
0
N~
,(.J
26 23 22 21 20 19 18 17 16 15 14 13 D
! «
o
H
®
RO.64 ®
1 2 3 4 5 -6 7 8 9 10 11 12
INNNRRRRAN
0431+0.05 ul.zv.ro.l 0~1.27
16.5MAX.
~
o
H
—
| =R
T ~ =
™~ o
@ +
ol 9o
N [\

Note :  Each lead pitch is 1.27mm.
All leads are located within O. 1mm of their true longitudinal position with respect to No.1 and No.24 leads.
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PACKAGE INFORMATION FOR FLAT PACKAGE

This new flat package is a very small and thin
compared with conventional standard dual-in-line
package. Differences are as follows.

1. Difference in dimension between flat and standard

package. ) _
2. Comparison in occupied space.
Unit: mm
Flat pacpage Standard package
Length 16.5 32.4
Width 9. .
| 0 14.2 DIP
Lead Pitch 1.27 2.54
Thickness 2.1 5

3. Advantage of this package
Small dimensions
Capability of High Density Assembly FP
Capability of thin Assembly——Capability of
Assembly on both side of PC board.

4. PC pattern layout example.

To

i
:u GND LINE
1

T H——-
120 CE ©OE

(mm)
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~ TC5517CF-15/CFL-15/CF-20/CFL-20

Note:  Toshiba does not assume any responsibiity for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry
€ May , 1986 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUGT

2,048 WORD X 8 BIT CMOS STATIC RAM

TC5518CP-15/CPL-15/CP-20/CPL-20
TC5518CF-15/CFL-15/CF-20/CFL-20

DESCRIPTION

The TC5518CP/CF is a 16384-bit high speed and
low power sully static random access memory orga-
nized as 2048 words by a 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply.
The TC5518CP/CF has two chip enable inputs, CET
and CE2, which are used for device selection and
can be used in order to achieve minimum standby
current mode easily for battery back up. Also the
high speed and low power characteristics which
maximum access time is 150ns, 200ns and maxi-
mum operating current is 5mA/MHz are achieved.

FEATURES

® Low Power Dissipation
B5mA/Max. Operating
0.24AMAX.}) at Ta=25°C Standby
1.0uA(MAX.) at Ta=60°C Standby

® 5V Single PowerSupply
® | ow Voltage Operation : Vpn=3V
tco1, 2=1u4s(MAX.) Ta=60°C
® Wide Temperature Operatio