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TOSHIBA 

1. Dynamic RAM 

Organl- Access Time, Max(ns) Cycle Time Process 
Power Dissipation, Max.(mW) 

Pins Operating Capacity Type No. zatlon Min-(ns) Mode 
tRAC tCAC Active Standby 

TMM41256PfT-12 120 60 220 330 
262,144Xl NMOS 28 16/18 Page 

TMM41256PfT-15 150 75 260 275 

*TMM41256AP/AT/AZ-l0 100 50 190 440 

*TMM41256AP/AT/AZ-12 262,144Xl 120 60 220 NMOS 396 28 16/18/16 Page 

*TMM41256AP/AT/AZ-15 150 75 260 358 

TMM41257PfT-12 120 60 220 385 
256K Bit 262,144Xl NMOS 28 16/18 Nibble 

TMM41257PfT-15 150 75 260 330 

*TMM41257AP/AT/AZ-l0 100 50 190 440 

*TMM41257AP/AT/AZ-12 262,144Xl 120 60 220 NMOS 396 28 16/18/16 Nibble 

*TMM41257AP/AT/AZ-15 150 75 260 358 

TMM41464P-12 120 60 220 385 
65,536X4 NMOS 28 18 Page 

TMM41464P-15 150 75 260 330 

TC511000P/J/Z-85 85 25 165 385 

TC511000P/J/Z-l0 l,048,576Xl 100 25 190 CMOS 330 5.5 18/26/20 Fast 
Page 

TC511000P/J/Z-12 120 30 220 275 

TC511001 P/J/Z-85 85 30 165 385 

TC511001P/J/Z-l0 l,048,576Xl 100 35 190 CMOS 330 5.5 18/26/20 Nibble 

TC511oo1P/J/Z-12 120 40 220 275 

TC511002P/J/Z-85 85 25 165 385 

1M Bit TC511 002P/J/Z-l 0 l,048,576Xl 100 25 190 CMOS 330 5.5 18/26/20 StatiC 
Column 

TC511002P/J~-12 120 30 220 275 

TC514256P/J/Z-85 85 30 165 413 

TC514256P/J/z-l0 262,144X4 100 30 190 CMOS 358 5.5 20/26/20 Fast 
Page 

TC514256P/J/Z-12 120 35 220 303 

TC514258P/J/Z-85 85 30 165 413 

TC514258P/J/Z-l0 262,144X4 100 30 190 CMOS 358 5.5 20/26/20 Static 
Column 

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 

Capacity Type No. Organ I- Access Time, Max(ns) Cycle Time Dram Power Dissipation, Max.(mW) 
Pins Module zation 

tRAC tCAe Min-(ns) Units Active Standby 

*THM81 0005-1 0 100 25 190 2,640 
l,048,576X8 TC511000J 44 30 SIMM 

*THM81oo05-12 120 30 220 2,200 
8M Bit 

*THM81ooOL-l0 100 25 190 2,640 

*THM81000L-12 
l,048,576X8 TC511000J 44 30 SIP 

120 30 220 2,200 

*THM91000S-10 100 25 190 2,970 

*THM91oo05-12 
l,048,576X9 TC511000J 49.5 30 SIMM 

91.1 Bit 
120 30 220 2,475 

*THM91000L-l0 100 25 190 2,970 

*THM91000L-12 
l,048,576X9 TC511000J 49.5 30 SIP 

120 30 220 2,475 



TOSHIBA 

3. STANDARD APPLICATION Static RAM 

Capacity Organl- Access Time Cycle Time 
Process 

Power Dissipation Max.(mW) 
Pins Package Width Type No. 

zation Max.(ns) Min.(ns) (inch) Active Standby 

TMM2015BP-90 90 90 

TMM2015BP-l0 100 100 
2,048X8 NMOS 275 27.5 24 0.3 

TMM2015BP-12 120 120 

TMM2015BP-15 150 150 

TM M20 16 BP-90 90 90 

TMM2016BP-l0 100 100 
2,048X8 NMOS 275 27.5 24 0.6 

TMM2016BP-12 120 120 

TMM2016BP-15 150 150 
16K Bit 

TC5517CP/CF-15 150 150 
0.165 

TC5517CP/CF-20 200 200 
2,048X8 CMOS 27.5 24 

TC5517CPL/CFL-15 150 150 
0.005 0.6(P) 

TC5517 CPL/CFL-20 200 200 

TC5518CP/CF-15 150 150 
0.45(F) 

0.165 
TC551 BCP/CF-20 200 200 

2,048X8 CMOS 27.5 24 
TC5518CPL/CFL-15 150 150 

0.005 
TC5518CPL/CFL-20 200 200 

TMM2063P-l0 100 100 

TMM2063P-12 8,192X8 120 120 NMOS 440 55 28 0.3 

TMM2063P-15 150 150 

TMM2064P-l0 100 100 

TMM2064P-12 8,192X8 120 120 NMOS 440 55 28 0.6 

TMM2064P-15 150 150 

TC5563APL-l0 100 100 

TC5563APL-12 120 120 0.55 

TC5563APL-15 150 150 
8,192X8 CMOS 27.5 28 0.3 

64K Bit TC5563APL-l0L 100 100 

TC5563APL-12L 120 120 0.165 

TC5563APL-15L 150 150 

TC5565APL/AFL-l0 100 100 

TC5565APL/AFL-12 120 120 0.55 

TC5565APL/AFL-15 150 150 0.6(P) 
8,192X8 CMOS 27.5 28 

TC5565APL/AFL-l0L 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-l0 100 100 
5.5 

TC55257P-12 120 120 

TC55257PL-85 32,768X8 85 85 CMOS 27.5 28 0.6 
0.55 

TC55257PL-l0 100 100 

256K Bit TC55257PL-12 120 120' 

'TC55257AP/AF-l0 100 100 
5.5 

'TC55257AP/AF-12 120 120 0.6(P) 
32,768X8 CMOS 27.5 28 

'TC55257 APL/ AFL-l 0 100 100 0.45(F) 
0.55 

'TC55257APL/AFL-12 120 120 

PSEUDO-STATIC RAM 

TC51832P-85 

TC51832P-l0 

TC51832P-12 

NOTE: PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE (SOP) 'NEW PRODUCT 
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TOSHIBA 

4. HIGH SPEED Static RAM 

Organi- Access Time Cycle Time Process 
Power Dissipation Max.(mW) 

Pins Package Width Capacity Type No. 
zation Max.(ns) Min.(ns) Active Standby (inch) 

·TMM2018AD/AP-25 25 25 660 

·TMM2018AD/AP-35 2,048X8 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 0.3 

·TMM2068AD/AP-45 45 45 440 

·TMM2078AD-25 25 25 660 

·TMM2078AD-35 4,096X4 35 35 NMOS 550 110 22 0.3 

·TMM2078AD-45 45 45 440 

·TMM2088P-35 35 35 

64K Bit ·TMM2088P-45 8,192X8 45 45 NMOS 660 55 28 0.3 

·TMM2088P-55 55 55 

·TMM2089C-35 35 35 

12K Bit ·TMM2089C-45 8,192X9 45 45 NMOS 660 55 28 0.3 

·TMM2089C-55 55 55 

TC5561P-55 55 55 
65,536X1 CMOS 550 0.55 22 

TC5561P-70 70 70 
0.3 

TC5562P-45 45 45 
65,536X1 CMOS 550 11 22 

TC5562P-55 55 55 
64K Bit 

·TC55416P-35 35 35 440 
22 16,384X4 CMOS 55 0.3 

·TC55416P-45 45 45 330 

·TC55417P-35 35 35 440 
16,384X4 CMOS 55 24 0.3 

·TC55417P-45 45 45 330 

NOTE: PACKAGE MATERIAL 0: CERDIP C: CERAMIC DIP P: PLASTIC DIP 'NEW PRODUCT 
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TOSHIBA 

5. EPROM 

Organi- Access Time Cycle Time Power Supply Temperature Power Dissipation Max.(mW) Programming 
Capacity Type No- -zallon Max.(ns) Min.(ns) M Range ('C) Pins Algorithm & Process Active Standby 

TMM2764AD-15 150 150 
0-70 525 158 

TMM2764AD-20 200 200 
5V±5% 

TMM2764ADI-15 
8,192X8 

150 150 
630 28 lorll 64KBlt -40-85 184 

TM M2764ADI-20 NMOS 200 200 

TMM2764AD-150 150 150 
660 5V±10% 0-70 193 

TMM2764AD-200 200 200 

TMM27128AD-15 150 150 
0-70 525 158 

TM M27128AD-20 200 200 
5V±5% 

TMM27128ADI-15 
16,384X8 

150 150 
lor II 128KBit -40-85 630 184 28 

TMM27128ADI-20 NMOS 200 200 

TMM27128AD-150 150 150 
5V±10% 0-70 660 193 

TM M27128AD-200 200 200 

TMM27256AD-15 150 150 
0-70 525 158 

TMM27256AD-20 200 200 
5V±5% 

TMM27256ADI-15 
32,768X8 

150 150 
-40-85 630 184 28 lorll 

TMM27256ADI-20 NMOS 200 200 

TMM27256AD-150 150 150 
256K Bit 5V±10% 0-70 660 193 

TMM27256AD-200 200 200 

TC57256D-20 200 200 
5V±5% 21.0 

TC57256D-25 
32,768X8 

250 250 
158 0.525 28 lor II 

"TC57256AD-15 CMOS 150 150 
5V±5% 12.5 

"TC57256AD-20 200 200 

TMM27512D-20 200 200 
0-70 630 184 

TMM27512D-25 250 250 
5V±5% 

TMM27512DI-20 
65,536x8 

200 200 
512KBit -40-85 683 210 28 lor II 

TMM27512DI-25 NMOS 250 250 

TMM27512D-200 200 200 
5V±10% 0-70 715 220 

TMM27512D-250 250 250 

"TC571000D-15 150 150 

"TC571000D-20 
131,072X8 

200 200 
1MBit 5V±5% -40-85 158 0.525 32 II 

"TC571001D-15 CMOS 150 150 

"TC571001D-20 200 200 

NOTE: PACKAGE MATERIAL D: CERDIP 'NEW PRODUCT 
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TOSHIBA 

6. ONE TIME PROM 

Organi· Access Time Cycle TIme Power Supply Temperature Power Dissipation Max.(mW) Programming 
Capacity Type No. ·zation Max.(ns) Mln.(ns) (V) Range ('C) Pins Algorithm & Process Active Standby 

64KBit TMM2464AP/AF 8.192X8 200 200 5V+5% -40-85'C 525 158 28 'orll 'NMOS 

128KBil TMM24128AP/AF 16.384X8 200 200 5V+5% -40-65'C 525 158 26 , or II 
NMOS 

TMM24256AP/AF 32.768x6 200 200 5V+5% 525 158 28 'orll NMOS 
256K Bit -40-65'C 

<TC54256AP/AF 32.768X8 200 200 5V±5% 158 0.525 28 lorll CMOS 

512KBit TMM24512P/F 65.536X8 250 250 5V±5% -40-85'C 630 184 28 'orll NMOS 

NOTE: PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE (SOP) <NEW PRODUCT 

7. Mask ROM 

Organi· Access Time CycieTime Proceu 
Power Dissipation Max.(mW) 

Pin. Capacity Type No. zallon Max.(ns) Mln.(ns) Active Standby 

256K Bil TC53257P/F 32.768X8 200 200 CMOS 138 0.11 28 

1M Bit TC531 OOOAP/ AF 131.072X8 200 200 CMOS 138 0.11 28 

2M Bit TC532000P 262.144X8 200 200 CMOS 220 0.11 32 

4M Bit <TC534000P 524.288X8 250 250 CMOS 220 0.11 32 

NOTE: PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE <NEW PRODUCT 
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TOSHIBA 

1. 256K Bit Dynamic RAM 

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

TOSHIBA TMM41256AP/AT/AZ TMM41257 AP/AT/AZ TMM41464AP/AT/AZ 

Fujitsu MB81256 MB81257 MB81464 

Hitachi HM50256 HM50257 HM50464 

Mitsubishi M5M4256 M5M4257 M5M4464 

NEC "PD41256 "PD41257 "PD41464 

Oki MSM41256 MSM41257 MSM41464 

TI TMS4256 TMS4257 TMS4464 

2. 1 MX1 Dynamic RAM 

Organization 1 MBxl (Fast page mode) 1 MBXl (Nibble mode) 1 MBXl (Static column mode) 

SUPPLIER PART# L PROCESS PART# J PROCESS PART# I PROCESS 

TOSHIBA TC511000 CMOS TC511001 CMOS TC511002 CMOS 

FUJITSU MB81Cl000 CMOS MB81C1001 CMOS MB81C1002 CMOS 

HITACHI HM511000 CMOS HM511001 CMOS HM511002 CMOS 

MITSUBISHI M5M4C1000 CMOS M5M4C1001 CMOS M5M4Cl002 CMOS 

NEC "PD421 000 CMOS "PD421001 CMOS "PD421002 CMOS 

TI TMS4C1024 CMOS TMS4C1025 CMOS TMS4Cl027 CMOS 

AT&T M4ll024PP CMOS - M4l1024PK CMOS 

NMB AAA1Ml0l CMOS MA1Ml02 CMOS MA1M100 CMOS 

SAMSUNG KM41Cl000 CMOS KM41Cl00l CMOS KM41Cl002 CMOS 

3. 256Kx4 Dynamic RAM 

Organization 256KX4 (Fast page mode) 256KX4 (Static column mode) 

SUPPLIER PART# I PROCESS PART# I PROCESS 

TOSHIBA TC514256 CMOS TC514258 CMOS 

FUJITSU MB81C4256 CMOS -
HITACHI HM514256 CMOS HM514258 CMOS 

MITSUBISHI M5M44C256 CMOS M5M44C258 CMOS 

NEC ILPD424256 CMOS "PD424258 CMOS 

TI TMS44C256 CMOS TMS44C257 CMOS 

SHARP LH64257 CMOS LH64256 CMOS 

4. DRAM HYBRID MODULE 

ORGANIZATION lMX8 lMx9 

TOSHIBA THM81000S/L THM91000S/L 

HITACHI HB56A18 HB56A19 

MITSUBISHI MH1M09J 

6 



5. 16K Bit Static RAM 
1) NMOS 

Organization 

Package Width 

TOSHIBA 

Fujitsu 

Hitachi 

Inmos 

Mitsubishi 

Motorola 

NEC 

Oki 

AMD 

2) CMOS 

Organization 

TOSHIBA 

Fujitsu 

Hitachi 

NEC 

Oki 

Mitsubishi 

Sharp 

6. 64K!72K Bit Static RAM 

Organization 

2KX8 

0.6 inch 0.3 inch 

TMM2016BP TMM2015BP TMM2018AD/AP 

MB8128 

HM6116 HM6116AS 

M58725 

MCM6116 MCM2016H/18 

j.lPD4016 j.lPD4016CX 

MSM2128 

AM9128 'AM9128 

2KX8 

TC5517CP/CF TC5518CP/CF 

MB8416 MB8417 /8418 

HM6116 HM6117 

j.lPD446 j.lPD449 

MSM5128 MSM5129 

M5M5117 M5M5116/5118 

LH5117 LH5118 

8KX8 

NMOS/CMOS NMOS CMOS 

Package Width 0.3 inch 0.6 inch 

TOSHIBA TMM2063P TMM2064P TC5564AP/AF TC5565APL! AFL TC5563AP 

Fujitsu MB8464 MB8464 

Hitachi HM6264AS HM6264 HM6264 HM6264ASP 

Mitsubishi M5M5164 M5M5165 

NEC j.lPD4464 j.lPD4364 

Oki MSM5165 MSM5164 MSM5165 

Inmos 

Motorola 

lOT 1OT7164 

7. 256K Bit Static RAM/Pseudo Static RAM 

Organization 32KX8 

TYPE SRAM PSRAM 

NMOS/CMOS CMOS CMOS 

Package Width 0.6 inch 0.6 inch 

TOSHIBA TC55257 TC51832 P/PL 

Fujitsu HB84256 

Hitachi HM62256 HM65256 

Mitsubishi M5M5256 

NEC j.lPD43256 !,PD42832 

Sony CXK58256 

SMOS SRM20256 

Sharp LH52256 LH62258 
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TOSHIBA 

4KX4 

TMM2068AD/AP 

MB8168 

HM6168 

IMS1420/1421 

M5M2168 

MCM6168 

AM2168 

8KX9 64KX1 

NMOS CMOS 

0.3 inch 0.3 inch 

TMM2088P TMM2089C TC5562P 

MB81C78 MB81C79 HB81C71A 

HM6287 

M5M5178 M5M5179 M5M5187 

j.lPD4361 

IMS1600/1 

MCM6164 MCM6287 

IDT7187 



TOSHIBA 

8. 64KJ128K Bit NMOS EPROM/OTP 

Organization 8KX8 16KX8 

EPROM/OTP EPROM OTP EPROM OTP 

Pins 28 28 28 28 

TOSHIBA TMM2764AO TMM2464AP/AF TMM27128AO TMM2412BAP/AF 

AMO Am2764A Am2712BA 

Fujitsu MBM2764 MBM2712BA 

Hitachi HN4B2764 HN482764 HM4827128G HN4B27128 

Intel i2764A P2764A i27128A P27128A 

Mitsubishl M5L2764K M5M2764P M5L27128K M5M27128P 

Mostek 

Motorola -
NEC ",P02764 ",P02764C ",P027128 ",P027128C 

Oki MSM2764 MSM27218 

TI TMS2764 

9. 256K/512K/1 MBIT EPROM/OTP 

Organization 32KXB 64KXB 12BKXB 

EPROM/OTP EPROM OTP EPROM OTP EPROM 

NMOS CMOS NMOS CMOS NMOS CMOS 

TC572560 
MM24256AP/AF TOSHIBA TMM27256AO TC57256AO TC54256AP/AF TMM275120 TMM24512P/F TC571 0000 TC571 001 0 

AMD Am27256 AM27C256 Am27512 

Fujitsu MBM27256 MBM27C256 - - MBM27C1000 MBM27C1001 

Hitachi HN27256G HN27C256G HN4827256P HN27512G HN27C101 HN27C301 

Intel 127256 i27C256 P27256A P27C256 127512 P27512 27010 -
Mitsubishi M5L27256K M5M27C256 M5M27256P M5M27C256P M5L27512 M5M27C100 M5M27C101 

NEC ",P027256 ",P027C256A ",PD27256C ",P027256C - ",P027C100 ",P027C101 

Okl MSM27256 MSM27C256 MSM27512 MSM271000 

NSC - NMC27C256 - NMC27C512 NMC27C1023 

TI - TMS27C256 TMS27C512 

10. 256KJ1 MBIT/2MBIT/4MBIT MROM 

Organization 32KX8 12BKXB 256KXB 512KXB 

CMOS CMOS 

TOSHIBA TC53257P/F TC531000AP/AF TC532000P TC534000P 

TI TMS47C256 TMS47C1024 

Fujitsu MBB3256 MBB31124 MBB32000 

Hitachi HN613256P HN62301 HN62302 

Motorola MCM65256A 

Mitsublshi - M5M23C100 - M5M23C400 

NEC ",P023C256 ",P023C1000 ",P023C2000 

Oki MSM53256 MSM531 000 

RCA COM53256 

8 



TOSHIBA 

MEMORY SELECTION GUIDE (1) - ACCESS TIME VS. CAPACITY. ·Preliminary 

250 
TC57256-25 TMM27512-25 TC571000/1-25 TC534000 

TMM27512-250 
TMM24512 

200 
TC5517C-20 TMM2764A-20 TMM27128A-20 TC57256A-20 TMM27512-20 TC571000/1-20 TC532000 
TC5518C-20 TMM2764A-200 TM27128A-200 TMM27256A-20 TMM27512-200 

TMM2464A TlAM24128A TMM27256A-200 
TC57256-20 
TMM24256A 
TC54256A 
TC53257 

150 
TMM2015B-12/15 TMM2063-12115 TMM27128A-15 TMM41256-12/15 TC511000-12 
TMM2016B-12/15 TMM2064-12/15 TMM27128A-150 TMM41257-12J15 TC511001-12 
TC5517C-15 TC5563A-I2115 TMM41464-12115 TC511002-12 
TC5518C-15 TC5564A-I2115 TMM41256A-12/15 TC514256-12 

TC5565A-12115 TMM41257A-12115 TC514258-12 
TMM2764A-15 TC55257-12 TC531000A 
TMM2764A-150 TC55257A-12 

TC51832-12 
TMM27256A-15 
TMM27256A-150 

100 
TMM2015B-90/10 TMM2063-10 TMM41256A-l0 TC511000-85/10 
TMM2016B-90/10 TMM2064-10 TMM41257A-l0 TC511001-85110 

TMM2064-70 TC55257-85/10 TC511002-85110 
TC5563A-l0 TC55257A-B5110 TC514256-B5110 
TC5565A-l0 TC51832-B5/10 TC514258-B5110 
TC5561-55/70 

55 
TMM201BA-25/35/45 TMM20B8-35/45/55 TMM20B9-35/45/55 
TMM206BA-25J35/45 TC5562-45/55 
TMM2078A-25J35/45 TC55416-35/45/55 

TC55417-35/45/55 

16KB,l 64K Bil 72KBII 12BKBil 256K Bil 512KBil 1MBil 2M Bll 4MBil 

9 



TOSHIBA 

MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY ·Preliminary 

Memory Capacity 
Memory Type 

16K Bit 64K Bit 12K Bit 12BK Bit 256K Bit 512KBit 1M Bit 2M Bit 4M Bit 

TMM41256PfT 
TMM41257PfT 

NMOS Dynamic RAM TMM41464P 
TMM41256AP/AT/Al 
TMM41257AP/AT/AZ 

TC511000PIJIZ 
TC511001P/JIZ 

CMOS Dynami: RAM TC511002P/JIZ 
TC514256P/JIZ 
TC51425BP/JIZ 

RAM TMM2015BP TMM2063P TMM20B9CiP 
TMM2016BP TMM2064P 

NMOS Stati: RAM TMM201 BAD/AP TMM20BBP 
TMM206BAD/AP 
TMM207BAD 

TC5517CP/CF TC5564APVFL TC55257P 
TC551BCP/CF TC5563APL TC55257AP/AF 

TC5565APlJAFL TC51B32P/PL 
CMOS Static RAM TC5561P 

TC5562P 
TC55416P 
TC55417P 

NMOS EPROM TMM2764AD/ADI TMM2712BAD/ADI TMM27256AD/ADt TMM27512DIDt 

TC57256D/AD TC571000itD 
CMOS EPROM 

ROM CMOS Mask ROM TC53257P/F TC531000AP/AF TC532000P TC534000P 

TMM2464AP/AF TMM2412BAP/AF TMM24256AP/AF TMM24512P/F 
NMOS OTP 

TC54256AP/AF 
CMOS OTP 
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TOSHIBA 

, 
MEMORY SELECTION GUIDE (3) - WORD BY BIT 

word~it 1 4 8 9 

TMM2015BP TC5517CP/CF 
TMM20t6BP TC55t8CP/CF 

2K TMM2018AD 
TMM20t8AP 

4K 
TMM2068AD/AP 
TMM2078AD 

TMM2063P TMM2464AP/AF TMM2089CJP 
TMM2064P TMM2764AD/ADI 

8K TC5564APLJAFL 
TC5563APL 
TC5565APLJAFL 
TMM2088P 

16K 
TC55416P TMM24t28AP/AF 
TC55417P TMM27128AD/ADI 

TC55257P TMM27256AD/ADI 
TC55257AP/AF TC53257P/F 

32K TC51832P/PL T57256D/AD 
TC54256AP/AF 
TMM24256AP/AF 

64K 
TC5561P TMM41464P TMM24512P/F 
TC5562P TMM27512D/DI 

128K 
TC531000AP/AF 
TC571000/1D 

TMM41256P/T TC514256P/JIZ TC532000P 

256K 
TMM41257P/T TC514258P/JIZ 
TMM41256AP/AT/A2 
TMM41257AP/AT/A2 

512K TC534000P 

TC511000P/J/Z THM81000S/L THM91000S/L 
1M TC511001P/J/Z 

TC511002P/J/Z 

11 



TOSHIBA 

MEMORY SELECTION GUIDE (4) - HIGH DENSITY PACKAGE 

PACKAGE Plce SOJ ZIP SIP/SIMM SOG 

PIN IS 26/20 16 20/19 30 24 28 

TMM41256T TMM41256AZ 

256K 
TMM4125n TMM41257AZ 
TMM41256AT 
TMM41257AT 

Dynamic TC511000J TC511000Z 
RAM TCSIIOOIJ TCSIIOOIZ 

1M TC511002J TC511002Z 
TC514256J TC514256Z 
TC514258J TC514258Z 

8 1.f/9 1.1 
THMSIOOOS/l 
THM91000S/l 

16K 
TC5517CF 
TC5518CF 

SialiC 
TC5564AFl RAM 64K TC5565AFl 

256K TC552S7AF 

Mask 256K TC53257F 

ROM 1M TC531000AF 

64K TMM2464AF 

12SK TMM2412SAF 

OTP 
256K 

TMM24256AF 
TC54256AF 

512K TMM24512F 
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TOSHIBA MOS MEMORY PRODUCT 
262,144 WORD X 1 BIT DYNAMIC RAM 
N-CHANNEL SILICON GATE MOS 

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 TOSHI BA'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 
• Fast access time and cycle time 

DEVICE tRAC tCAC tRC 

TMM41256P,'T-12 120 ns 60 ns 220 ns 
TMM4125GP 'T-1 5 150 ns 75 ns 260 ns 

• Single power supply of 5V ± 1 0% with a built-in 
Vss generator 

• Low Power: 
330mW Operating (MAX.) (TMM41256P/T-12) 
275mW Operating (MAX.) (TMM41256P/T-15) 
28mVV Stand by (MAX.) 

PIN CONNECTION' (TOP VIEW) 

CAS 

V" 
AS 
D,N 

• Plastic LCC 

:~~ ~ ~ ~ 
?: 

r-[ P-IN-N-A~~~ 

• Plastic DIP 

WRlTE 3 

RAS 

AO 

DOUT 

TMM41256P/T-12 
TMM41256P/T-15 

41256P IT to be packaged in a standard 16 pin plastic 
DIP and 18 pin plastic leaded chip carner. The 
package size provides high system t)lt riensltles and IS 
compatible with Widely available al:ltomated testing 
and Insertion eqUipment, 

System oriented features include sing Ie power 
supply of 5V ± 10% tolerance, direct interfacing 
capability with high perforrna nce logic families such 
as Schottky TTL. 

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

• Common I/O capability using "EARLY WR ITE" 
operation 

• Read-Modify-Write, RAS-only refresh, Hidden 
refresh, and Page Mode capability. 

• All inputs and output TTL compatible 
• 256 refresh cycles/4ms 
• Package 

PlastiC DIP 
PlastiC Leaded Chip Carrier 

BLOCK DIAGRAM 

T MM41256P 
TMM41256T 

.--..<:I Vee 
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I IVIIVI41 ~Ot:)tJ/l-l ~ 

TMM41256P/T-15 

ABSOLUTE MAXIMUM MATIGS 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0 - 70°C) 

SYMBOL PARAMETER MIN. 

·~UNJTs·EN°1ES:j 

~ ~ __ ~J.=:~_:~~~_J 

MAX. UNITS NOTES 

I---I-C-Cl--+--~'-~-;r-~g-~-~--IO-N-W~~C-S~-~~I~~~~ra-tin~-~urrent -lT~~-4-1 ;~-~P- T -1 ~ _~ ____ .- 60 

(RAS. CAS Cycling: tRC = tRC MIN.) TMM412G6P T 1 b - 50 
f-----------------.. -----... --- ... - .. ---- ---- -- -- - ---

mA 3.4 

STANDBY CURRENT 
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TMM41256P/T-12 
TMM41256P/T-15 

ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10°-h, Ta=0-70C) (Notes 5,6,7) 

1

,-- - - r ___ u ___ p _______________ u______ I TMM4-1256-r-:-i--'-2ITMM-41256P T~15-T - -: : 

__ 
S .. _Y.M __ B __ O __ L___ PARAMETER t-- MIN-.- -MAX-~- -MI~ --MAX.-- I UNITS i NOTES: 

til( R~n~~~Re~--c;r--W~e-Cycle Time ------.--~--=-==-~~-=- .~~_ =_~-_:-- .-~ ns' r 1 

I 
tHWL Read-Write Cycle Time 240 .- 285 .- f-- ~s _1_ ~ 
tH'.1W Read-Modlfy-Wnte Cycle Time 260 - 310 ns J 

[

t tP~:c ::~: ~~~: ~~~~-~~: Cycle Time ~1 !6~0 ~ ~1 ~9~5 -=- -=_~-n-:s~=- --_--- - --~ 
___ !.P~~ ~_~ge Mode Read-Modlfy-Wnte Cycle Time _ 
.~ ___ AccessTlmefromRAS - 120 - 150 ns 8,l0.J 

tCAe Access Time from CAS - 60 - 75 ns 9, 10 

tOf f Output Buffer Turn-Off Delay 0 35 0 40 ns 11 
tl TranSItIOn Time (Rise and Fall) 3 50 3 50 ns 6 

tRP RAS Precharge Time 80 - 100 - ns 
~----+-==~---~----------------4----+----+---~---+---~-----

tRAS RAS Pulse Width 120 10,000 150 10,000 ns 

tRSH RAS Hold Time 60 - 75 - ns --i 
---~--+-===~-----------------------+-----~---+----~----~---+----

tCSH CAS Hold Time 120 - 150 - ns r 

~-tc-A-s-+-=C=A=S~P-u-ls-e-W-I-dt-h--------------1--6-0-+-1-0-,-0-0-0-+---7-5-r-1 -O-,O-0-0-+---n-s-------
tRCO RAS to CAS Delay Tlme 25 60 25 75 ns 13 

r-----+-==~~===----------------~--_+----+----r_----+_----------
tCRP CAS to RAS Precharge Time 10 - 10 - ns 

tCPN CAS Precharge Time 25 - 25 - ns 

tcp 
CAS Precharge Time (for Page Mode 

50 - 60 
Cycle Only) 

ns 

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

tRAH Row Address Hold Time 15 - 15 -- ns 
r------+------------------------~--_+----~----r_-------~----4_--~ 

IAsc Column Address Set-Up Time 0 - 0 - ns 
---t-cA-H---+--C-o-l-u-m-n-A-d-d-r-e-ss-H-o-ld~T-im-e-------------+--2-5-~-----r---3-0~------~-n-s---~-------

tAR 

tRCS 

tRCH 

tRRH 

twCH 

tWCR 

Column Address Hold Time 

Reference to RAS 9
5 

Read Command Set-Up Time 0 

Read Command Hold Time 

Reference to CAS 0 

Read Command Hold Time 

Reference to RAS 

Wnte Command Hold Time 

Wnte Command Hold Time 

Reference to RAS 

15 

35 

95 

120 ns 

o ns 

o ns 12 

20 ns 12 

45 ns 

120 ns 

twp Write Command Pulse Width 35 - 45 - ns 
r-.---r-------------==~---------------+---~----_r---~----~~---+----~ 

tRWL Wnte Command to RAS Lead Time 35 - 45 - ns 
~-~--+----------~==----------------4---_+----_4----+-----+---~-----~ 

tewl Write Command to CAS Lead Time 35 - 45 - ns 

tos Data-In Set-Up Time 0 - 0 - ns 

tOH Data-In Hold Time 35 - 45 - ns 

tOHR 
Data-In Hold Time 

Reference to RAS 
95 120 ns 

tRFF Refresh Penod - 4 - 4 ms 

14 

14 

twcs Wnte Command Set-Up Time -10 - -10 - ns 15 
~-~-+_==~~====~--~----------+---_r---_+---~----~----~----
~-t:..::.cw.:...:..::...o--+__oCAS to WRITE Delay 40 - 50 - ns 15 

tRWO RAS to WRITE Delay 100 - 125 - ns 1 5 
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TMM41256P/T-12 
TMM41256P/T-15 

CAPACITANCE 

(Vee = 5V ±10%, f = 1MHz, Ta = 0 ..... 70°C) 

SYMBOL 

l_ CI1 

i CI2 

i Co l. ________ _ 

NOTES: 

1. 

. 
i 

__ J 

PARAMETER 

Input Caracitance (Ao ..... As. DIN) 
.~ ... _. . .. -- . - -

Input Capacitance (RAS. CAS. WR ITE) 

Output Capacitance (~UT) 

MIN. MAX. 

5 

7 

7 

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

2. All voltages are referenced to VSS. 

3. ICC1. ICC3. ICC4 depend on cycle rate. 

4. ICC1. ICC4 depend on output loading. Specified values are obtained with the output open. 

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

6. AC measurements assume tT = 5 ns. 

7. VIH (min.) and VIL. (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be

tween VIH and VIL. 

8 Assumes that tRCD ~ tRCD (max.!. If tRCD is greater than the maximum recommendp.d value shown in this table, tRAC will 

increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD ~ tRCD (max.) 

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

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

levels. 

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

13. Operation within the tRCD (max.! limit insures that tRAC (max.) can be met. tRCD (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. 

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

modify-write cycles. 

15. twcs, tcwD and tRWD are not restrictive oparating 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 tCWD ~ tCWD (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. 

TIMING WAVEFORMS 
• READ CYCLE 

VIH _ 
ADDRESSES 

Vll-

'''C 

VIH _ rrT"T7""~"""",-T-rrn..,.J,~---I-----------+-V,r-n7777T 

VIL - i-I-I.....I....l..J..J...L..L..L..L..L..<..L.J 

DDUT 

~ Don'lc.r. 
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e WRITE CYCLE (EARLY WRITE) 

RAS 

ADDRESSES 

VIH -- "7"7~r-r"r7-rr7''''''''' 

TMM41256P/T-12 
TMM41256P/T-15 

vIL--:L~~LL~LLLL~~ __ 4-________ -f~~~~~~~~~~~~~~~~ 

DIN 
VIH-

V IL -

DOUT 
VOH -

VOL-

eREAD-WRITE/READ-MODIFY-WRITE CYCLE 

ADDRESSES 

DOUT 

~ Dnot"Clr. 

e "AAs -ONLY" REFRESH CYCLE 

VIH - --------~ 

VIL-

ADDRESSES VIH

VI L- -'-.L..I..J-L-..i..J-~~ 

DOUT VOH- ____________________________ _ 

VOL-
OPEN --------------------------------

NoU: CAS - VIH. WAITE - Don't Clr., AS - Don't clr. ~ Oon'te.r. 
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I MM41256P/T-' 2 
TMM41.256P/T-15 

• HIDDEN REFRESH CYCLE 

VIH

VIL-

ADDRESSES VIH -

VIL-

WRITE ~ Il ' ~RCH 'RCS 'R~ 

~::= J/l///!Ji'-' If 

VVooHL-----~OPEN·~J..--------jI--------Jb~.F -
DOUT 

-{ VALID D~:I-T-A--------J==_-'I 
~ Don'teer • 

• PAGE MODE READ CYCLE 

~----------------~---------------------~ 

ADDRESSES 

DOUT 

fZl Don't car • 

• PAGE MODE WRITE CYCLE 

ADDRESSES 

A-8 



• PAGE MODE READ-WRITEiREAD-MODIFY-WRITE CYCLE 

HAS V,. ~~~--- ._-

V" 

CAS V,. 

V" 

A, A. 
V,. 

V" 

WRITE 
v,. 

V" 

DOlJf 
Vo• 

Vo• 

V,. 
D .. 

v" 

TMM41256P/T-12 
TMM41256P/T-15 

_ ---.---.---- _ ---- _ -,-",------_._--------

~ 000'1 care 
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TMM41256P/T-12 
TMM41256P/T-15 

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 signClls, 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 WR ITE 
and CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is 
the strobe for the Data In (DIN) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 
prior to CAS, the DIN 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 
WR ITE 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 WR ITE rather 
than CAS. (To illustrate this feature, DIN is referenced 
to WR ITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"ea~write" cycle diagram shows DIN referenced 
to CAS), 

Data is retrieved from the memory in a read 

cycle by maintaining WR ITE 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 (DOUT) 
of the TMM41256P/T IS the high Impedance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the DOUT 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. 
DOUT 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 0 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 is accomplished 

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 funcitGn 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 ICC3 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 VIL and taking RAS high and after 
a specified prccharge period (tRP), executing a 
"RAS - only" refresh cycle, but with CAS held low 
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OUTLINE DRAWINGS 

• Plastic DIP 

r:::::::IJ 
12345678 

TMM41256P/T-12 
TMM41256P/T-15 

Unit in mm 

I 

,'/1 
/1 

1/ 
U 

7.62' 0.25 

1'1 0.25 t 0.1 -t- • u 0.05 

o IS" 

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 Unit in mm 

11 

10 

9 

Note: Each lead pitch is 1 .2 7mm, 
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TMM41256P/T-12 
TMM41256P/T-15 

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 Corpo~ation 
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TOSHIBA MOS MEMORY PRODUCT 
TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

DESCRIPTION 
The THH4l256AP/AT/AZ is the N-channel dynamic RAM organized 262,144 words by 1 bit. 

Multiplexed address inputs permit the Ttill4l256AP/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 'videly available automated testing and insertion equip
ment. The double layered HOS technology with polycide and poly Si permits the Uill4l256AP/ 
AT/A~ high speed operation. Also, the advanced circuit techniques have' realized low power 
dissipation. System oriented features include single power supply of 5V±lO% tolerance, 
direct interfacing capability with high performance logic families such. as schottky TTL. 
In addition to the RAS only refresh mode, a CAS before p~s automatic refresh is available. 
Another special feature of TMH4l256AP/AT/AZ is page mode, alloHing the user to access at 
a high data rate. 

FEATURES 
• 262,144 words by I bit organization 
• Fast access time and cycle time 

THM41256AP/AT/AZ-lO/-12/-l5 
p~S Access Time lOOns/120ns/150ns 
CAS Access Time 50ns/ 60ns/ 75ns 
Cycle Time 190ns/220ns/260ns 

• Single power supply of 5V±IO% with a built
in VBB generator 

• Low Pmver: 
II/,Orot) MAX. Operating (Tf.il'141256AP/AT/AZ-lO) 
385m\~ HAX. Operating (UfrI41256AP/AT/AZ-12) 
3301'11'; MAX. Operating (THM41256AP/AT/AZ-15) 

28mH HAX. Standby 

PIN CONNECTION (TOP VIEW) 

· Plastic Lce . Plastic ZIP 

eAS 1 A5 
Vss A7 

AS Vee 
DIN Al 

PIN i'lAnES 
AO 'V AS Address Inputs 

. Plastjc DIP 

All 1 

DIU 2 
WRITE 3 

HAfl 4 

AO 5 

A2 6 
Al 7 

Vee 8 

16 

15 

14 

13 
12 

11 
10 

Vs::; 
CAfl 

DOUT 
A6 

A3 

A4 

A5 

CAS Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

\VRITE Read/Write Input 
VCC Pm.;rer (+5V) 
VSS Ground 

• Output unlatched at cycle end allows 
two-dimensional chip selection 

• Common I/O capability using "EARLY 
hTRITE" operation 

• Read-Modify-Hrite, 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 Tf.1H4l256AP 
Plastic Leaded Chip Carrier: THM41256AT 
Plastic ZIP TH!141256AZ 

SLOCK DIAGRAr·, 

AO 

Al 
A2 

A:I 

A4 

A5 

A6 

A7 

AS 
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TMM41256AP/AT/AZ-l0,TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS 

Input and Output Voltage VIN, VOUT -1 'V 7 V 
Power Supply Voltage VCC -1 'V 7 V 
Operating Temperature TOPR o 'V 70 DC 

Storage Temperature TSTG -55 'V 150 DC 

Soldering Temperature • Time TSOLDER 260 • 10 DC • sec 
Power Dissipation PD 600 roW 

Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (VCC =5V::lO%, Ta=O "'70°C) 

SYHBOL PARA.'1ETER 
OPER..-\TI~G CL'lL't\E~T ~~,e,I.u~e..';?"'/A-:,, /AZ-l ': 

ICCI Average Power Supply Operating Current T~e,l4:lZ=c.,;,?//.!'" 7,./ . .1 .. 3 - 121 
(R.-\S, m Cycling: tRC= tRC ~!I~.) ':'~.e,1';1Z5e..:",? / A7,. /A~ -1': 

ST~:DBY CURRE~T 

1CC2 Pm.,rer Supply Standby Current 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT T!AM41256AP/ AT/AZ-10 

ICC3 
Average Power Supply Current, 

TYM~/AT/AZ-12 RAS Only Refresh Mode 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TMM~P/AT/AZ-15 

PAGE HODE CURRENT TMM41.256AP/ AT/ AZ -10 

ICC4 Average Power Supply Current, Page Mode TMM~/AT/AZ~12 

(RAS=VIL, CAS Cycling: tpC=tpc MIN.) TM114l256AP/AT/ AZ -15 

CAS BEFORE RAS REFRESH CeRRENT T~lli41250.?/ ;'::/A2-1C 
Average Power Supply Current, 

ICCS CAS Before RAS Refresh Mode T~A1!~25€X?/ A':/A2-12 
(RAS, CAS Cycling, CAS Before R.-\S: I 

tRC=tRC MI}1.) TillA41256AP/ A::/AZ-15 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input 

(OV fVIN f6.5V, ALL Other Pins Not Under Test =OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, ov ~VOUT ~+S.5V) 
OUTPUT LEVEL 

VOH Output "H" Level Voltage (lOUT = -SmA) 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (lOUT = 4. 2mA) 
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NOTES 
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NOTES 
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:n~. :{A.,{. VNITS NOTES! 
- 80 rnA 

- 72 I rnA 3 ' ,-
- 65 rnA I 

I I - 5 rnA 

i 
- 70 rnA 

- 62 rnA 3 

- 55 rnA 

- 60 mA 

- 55 rnA 3,4 
- 50 rnA 

- 70 rnA 

I 
- 62 m..l. I 3 

- 55 rnA 

-10 10 uA 

-10 10 uA I 
I 

2.4 - V I 

I 
- 0.4 V 



TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

TMN41256AP/ TMH41256AP/ TMM41256AP/ 
SYHBOL PARA}1ETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS INOTES 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Hrite Cycle Time 190 - 220 - 260 - ns 

tm'JC Read-Hrite Cycle Time 200 - 240 - 265 - ns 

tRM1v Read-Modify-Write Cycle Time 220 - 260 - 310 - ns 

tpc Page Mode Cycle Time 100 - 120 - 145 - ns 

tPR\.JC Page t-1ode Read-Hrite Cycle Time 110 - 140 - 170 - ns 

tpRH1V 
Page Mode Read-t-1odify Hrite 130 160 195 Cycle Time - - - ns 

tRAC Access Time from RAS - 100 - 120 - 150 ns 8,10 

tCAC Access Time from CAS - 50 - 60 - 75 ns 9,10 

tOFF Output Buffer Turn-Off Delay 5 25 5 30 :> 35 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 

tRP RAS Precharge Time 80 - 90 - 100 - ns 
t RAS RAS Pulse Hidth 100 0,000 120 10,000 150 10,000 ns 

tRSH RAS Hold Time 50 - 60 - 7':J - ns 

tCSH CAS Hold Time 100 - 120 - 150 - ns 
t CAS CAS PuIs 50 0,000 60 10,000 75 10,000 ns 
t RCD RAS to CAS Delay Time 25 50 25 60 25 75 ns 13 

--

tCRP C,l\S to RAS Precharge Time 10 - 10 - 10 - ns 
--f-----

tCPN CAS Precharge Time 15 - 20 - 25 - ns 

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

tASR Rmv Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Rmv Add ress Hold Time 15 - 15 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 20 - 25 - 30 - ns 

tAR Column Address Hold Time 
70 85 105 Reference to RAS - - - ns 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH 
Read Command Hold Time Reference 0 ° ' 0 CAS - - - ns to 

tRRH 
Read Command Hold Time Reference 

10 15 20 to RAS - - - ns 

tWCH Write Command Hold Time 20 - 25 - 30 - ns 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TMM41526AP/ TMM41526AP/ TMM41526AP/ 
SYMBOL PARAMETER AT/AZ-I0 AT/AZ-12 AT/AZ-15 UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

tWCR 
Write Command Hold Time Reference 70 85 105 to RAS - - - ns 

t\\'P Write Command Pulse Hidth 20 - 25 - 30 - ns 

tRHL Write Command to RAS Lead Time 25 - 35 - 45 - ns 
tC\.JL \.Jri te Command to CAS Lead Time 25 - 35 - 45 - ns 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 

tDH Data-In Hold Time 20 - 25 - 30 - ns 

tDHR 
Data-In Hold Time Reference 

70 85 105 to RAS - - - ns 
--_. 

tREF Refresh Period - 4 - 4 - 4 ms 

twcs Write Command Set..:.Up Time 0 - 0 - 0 - ns 

tCHD CAS to HRITE Delay 30 - 40 - 50 - ns 

tRWD RAS to \.JRITE Delay 80 - 100 - 125 - ns 

tCSR CAS Set-Up Time (CAS 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 

tCPT CAS Precharge Time (CAS before 40 - 50 - 60 - ns RAS Counter Test) 

CAPACITANCE (TCc=5V:!.10%, f=H1Hz, Ta=O r',70°C) 

SYHBOL PARAHETER MIN. MAX. UNITS 

ell Input Capacitance (AO- A8, DIN) - 5 

CI2 Input Capacitance (RAS, CAS, '-.TRITE) - 7 pF 
--

Co Output Capacitance (D(ll1T) - 7 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

NOTES: 

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

2. All voltages are referenced to Vss' 

3. ICCl, ICC3, ICC4, ICCs depend on cycle rate. 

4. ICCI, ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200~s is required after power-up followed by any 8 RAS 
cycle~ 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 measurement assllme tT=sns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIH and VIL . 

8. 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. 

9. Assume that tRCD ~ tRCD(max.) 

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

11. tOFF(max.) defines the time at \v111CI1 tile output achieves the open circuit 
condition and is not referenced to output voltage l~vcls. 

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

13. Operation within the tRCD(max.) limit insures that tRAC(rr.ax.) can be met. 
tRCD(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' 

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. tHCS' tC\.JD and tR\~D are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics onl~1. If tHCS ~ t\~CS(min.), 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; ] f tCHD ~ tCHD(·rr.in.) and tR\m ~ tRHD 
(min.), the cycle is a read-write cycle or read-modify-write cycle and ~he data out 
will contain ~ataread from the sele~ted cell: If neiiher 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-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

TH4ING HAVEFORMS 

READ CYCLE 

AD-AS 

DOUT 
VOH ~ 

VOL -
-------

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

AD-AS 

WRITE 

DOUT 

V1H 

V1L 

VIH 

VIL 

VIH -

V1L 

VIH -

Vn; -

VOH -
VOL _ 

DPHN 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

CA'S VIH -
VIL -

AO-AS VIH -
VIL _ 

'WRiTE VIH -
VIL _ 

DOUT 
vOR -

vOL -

DIN VIH -
VIL -

E2Z:] Don It care 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

PAGE MODE READ CYCLE 

AD-AS 

DOUT 

VIH -

VIL -

I 'CAC 

tCPN 

/ 

tt i~~~------ -V-~-I-D--DA-T-A---

VARID DATA 'I tRCH 

. ~q//III/I!(/ . 
fZJ Don't care 

PAGE HODE HRITE CYCLE (EARLY i-lRITE) 

VIH-~t 'AR 
vIL-- ~~ _______ ~ ________________________ ~(~ ____________ ~ 

tcsH 

.-\0-.-\3 

"r:cI - 1/ 
'1 I:' - ..... I..i...I...~l....i..-"-t "------r 

//i· 
/ • I .. 

m Don't care 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

READ-WRITE!READ-MODIFY-WRITE CYCLE 

tRWc/t?,MW 

"=RAS 

Vra - tAR 
?_-1.3 

VrI. -
t~SH 

tCSH 

teAs 

CA3 
VrH -
°lr:.. -

AO-:\8 
I I:1 -
'I rL -

tS-;VD 

~ 
°lrn -
"frI. -

tSAC 

E223 Don't care 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

]AS ONLY REFRESH CYCLE 

AO-A? 
'.'IL 

Dour 
IjOH - __________ _ 

'IOL -
OPEN 

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

CAS BEFORE RAS REFRESH CYCLE 

t~c 

tCPN 

tCSR 

"OH -

vOL -----J[" 
OPEN 

Note: WRITE=Don' t care, AO 'V A8=Don 't care 
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HIDDEN REFRESH CYCLE (READ) 

AO-AB 

\'IH -

TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

VOH -----------<1 
vOL -

~ Don't care 

HIDDEN REFRESH CYCLE (HRITE) 

AO-AS 

VIL -

DOUT 
VOH OPEN 

V~T 

~ Don't care 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

~ BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
RAS VLL 

VIR 
CAS 

VIL 

VIH 
AD-AS 

READ CYCLE 

fOUT 
'lOR -

vIH -WRITE 
'ILL 

WRITE CYCLE 

rDOUT 
VOH 

vOL -

I 
I'NRIT~ '/IH -

~IN 
VIL -

VIH -

VLL -

READ-WRITE/READ-MODIFY-WRITE CYCLE 

DOUT 
vOH -

vOL -

'1mrTE 
VIH -

VIL -

DIN VIH -

vIL -

[2223 Don't care 
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APPLICATION INFORMATION 

ADDRESSING 

TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15. 

The 18 address bits required to decode 1 of the 262,144 cell locations within 

the T~14l256AP/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 

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 allO\vs 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 chcnged 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 -\VRITE and CAS while RAS is active. The later of the signals (HRITE 

or CAS) to make its negative transition is the strobe for the Data In (Dn:;) register. 

This permits several options in the write cycle timing. In a write cycle, if the 

hTRITE input is brought 1m.; (active) prior to CAS, the DI}; 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-\vrite cycle, the HRITE 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 \mITE rather than CAS. (To ill ustra te this f ea ture, DIN is referenced to 

hTRITE in the timing diagrams depicting the read-\vrite and page mode write cycles 

\vhile the "E-arly write" cycle diagram shaHs DIN referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining HRITE 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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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (DODT) of the T~~41256AP/AT/AZ is the 

high impedance (open circuit) state. This is to say, anytime CAS is at a high 

level, the DODT pin will be floating. The only time the output will turn on and 

contain either 2 logic a or logic 1 is at access time during a read cycle. DODT 

will remain valid form access time until CAS is taken back to the inactive (high 

level) condition. 

PAGE ~1ODE 

The "Page-Hode" feature of the n~4l256AP/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 'vhich the rmv address is common. This "Page Mode" of operation will not 

dissipate the power associated 'vith 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. 

RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory 

cycle at each of the 256 ro\v address (AD '\. A7) \vithin each 4 millisecond time inter

val. Althou~h any normal memory cycle \ViII 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 ICC3 specification. 
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CAS BEFORE RAS REFRESH 

TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

CAS before RAS refreshing available on the TMM4l256AP/AT/AZ offers an 

alternate refresh method. If CAS is held on low for the specified period (tCSR) 

before RAS goes to lmv,. 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 Hll·141256AP / 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 VIL and taking 

RAS high and after a specified precharge period (tRP), executing a CAS before 

RAS refresh cycle. (see Figure belmv) 

HHIORY CYCLE REFRESH CYCLE REFRESH CYCLE 

DOUT - OPEN-+----< VALID DATA 

This feature allm\'s Cl refresl1 cycle to be "hidden" among d<1ta cycles 

Hithout Clffecting the dat<1 <1v<1ilability. 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of T~fr14l256AP/AT/AZ can be tested by CAS 

BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/HRITE 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. 

CD Hri te "ali into all the memory cells at normal write mode. 

® Select une certain column address and read "0" out and \\1ritc "I" in 

each eell by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-h'RITE 

CYCLE). Repeat this operation 256 times. 

Q) Check -"I" out of 256 bits at normQl read mode, Hhich HQS Hritten at ®. 

® Using the same column as : 2 \, read "1" out Qnd \vri te "0" in eQch cell 

performing CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

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

® Perform the above CD to ~ the complement data. 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm (inches) 

16 9 

[::::::J] 
1 8 

19.9(.783)MAX. 7.62(.::!OO)±O.25(.010) 

. U :! I~ 
I Ii I +0.1 (.00'1 I ';\~\ 

0.25(.010)1 

0.5(.020)±0.15(.006) _ 2.54~~~~25(.010~t)·%-O.05(.002) 
1.4(.055)±O.1S(.006) O-lbo 

Note: Each lead pitch is 2.54mm. All leads are locC1ted Hithin O.7')mm of 

their true longitudinC1l position with respect to No.1 and No.16 

leC1ds. All dimensions are in millimeters. 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

• Plastic LCC 

13.26(.522)-13.51(.532) 

12.37(.487)-12.52(.493) 

0.66(.026)-0.81 (.032) 

10.85(.427)-11.86(.467) 

1.27(.050)TYPJ 

0.33(.013) -0.53(.021) 

-----------_. . ... _-------_. 

~: 
;:Sl 
~I 
0; 
'<1', 
~) 
:::0; 
lfl 
C'i 

Unit in mm (inches) 

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

TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15· 

20.65(0.813) MAX 

v U~~lV U v V V v U u 1.27(.050) 
±0.25(.010) 0.45(.018)-0.75(.030) 
----- ... --- .---

Unit in mm (inches) 

I 

J ___ .J_ L 0.20(.008);-0.35(.014) 

2.54(.100)TYP 

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

~~otc: Toshiba does not assllme.' ,my responsibili ty for lise of any 

circuitry described; no circuit patent licenses are implied, 

and Toshiba reserves the right, at any time \vithout notice, 

to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 
262,144 WORD X 1 BIT DYNAMIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

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. 

FEATURES 

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

TMM41257P/T-12 TMM41257P/T-15 
-1--------

RAS Access Time 120ns 150ns 

CAS Access Time 60ns 75ns 
---_. 

Cycle Time 220ns 260ns 

Nibble Mode 30ns 40ns Access Time 

Nibble Mode 55ns 70ns Cycle Time 

• Single power supply of 5V±10% with a built-in 
VBB generator 

PIN CONNECTION (TOP VIEW) 

• Plastic LCC • Plastic DIP 

I-
:J 

VSS 
0<0 0 C') '<t O«Z«« A8 

CAS DIN CAS 

VSS 

A3 

A8 1 
RAS 

DIN 2 
AO 

A4 

A5 

A7 

Iwruo N 

A2 
I-«z«« 

A1 _0: 
0: 

VCC ~ 

PIN NAMES 

AO - A8 Address Inputs 

CAS Column Address Strobe 

DIN Data In 

DOUT Data Out 
----

RAS Row Address Strobe 
--

WRITE Read/Write Input 
---

VCC Power (+5V) 
------~- ---- --- ----------------. ---

VSS Ground 

AO 
A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

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

• Output unlatched at cycle end allows two
dimensional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, CAS before RAS refresh, RAS
only refresh, Hidden refresh, and Nibble Mode 
capability 

• All inputs and output TIL compatible 
• 256 refresh cycles/4ms 
G Package 

Plastic DIP 
Plastic Leaded Chip Carrier 

BLOCK DIAGRAM 

WRITE 

:TMM41257P 
:TMM41257T 

DOUT 

MEMORY 
ARRAY 
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TMM41257P/T-12 
TMM41257P/T-15 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

--
Input and Output Voltage V'N, VOUT -1-7 V 1 

Power S' "',Iy Voltage VeC -1-7 V 1 

~ng Temperature TOPR 0~70 'c 1 

Storage Temperature TSTG -55-150 'c 1 -. 
Soldering Temperature' Time TSOLDER 260 . 10 'c . sec 1 

._---- ------- --
Power Dissipation PD 600 mW 1 

1-._---
Short Circuit Output Current lOUT 50 mA 1 

------ ._-----

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

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

VCC Supply Voltage 

V,H Input High Voltage 

VIL Input Lo'w Voltage 

t-----+------- -----I-------j---:----1 
4.5 5.0 5.5 V 2 

--t·--
2
.-
4
--t----- ---6.5 .--- --v---I--2---I 

----. ---- ----.-;-----,----j 
-1.0 0.8 V 2 

--'-----'-._-_. --_._--_.-------'----_. 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±1 0%, Ta=0~70°C) 
SYMBOL 

1---------+ 

ICC5 

IO(L) 

PARAMETER 

Operating Current 
OPERATING CURRENT 
Average Power Supply 
(RAS, CAS Cycling: tRC =tRC MIN.) 

STANDBY CURRENT 
Power Supply Standby 
(RAS=CAS=V'H) 

Current 

URRENT 
Current, RAS Only Mode 

RAS ONLY REFRESH C 
Average Power Supply 
(RAS Cycling, CAS=VIH : tRC=tRC MIN.) 

NIBBLE MODE CURRE NT 
Current, Nibble Mode Average Power Supply 

(RAS=V'L, CAS Cycling : tNC=tNC MIN.) 

CAS BEFORE RAS REF RESH CURRENT 
Current, CAS Before RAS Mode Average Power Supply 

(RAS Cycling, CAS Befo re RAS: tRC=tRC MIN.) 

ENT 
any input 

INPUT LEAKAGE CURR 
Input Leakage Current, 
(OV2V,N26.5V, All Othe r Pins Not Under Test=OV) 

RRENT OUTPUT LEAKAGE CU 
(DOUT is disabled, OV2. 

1-------1--
VOUT2+5.5V) 

OUTPUT LEVEL 
Output "H" Level Voltag e (IOUT=-5mA) 

OUTPUT LEVEL 
Output "L" Level Voltag e (IOUT=4.2mA) 

=r~M412:'Pri;2 
TMM41257P/T·15 

TMM41257P/T-12 
--------
TMM41257P/T-15 

TMM41257P/T·12 
c---
TMM41257P/T-15 

TMM41257P/T·12 

TMM41257P/T-15 

-------

--
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MIN. 

-----

·10 

-10 

2.4 

MAX. UNITS NOTES 

70 
mA 3,4 

60 

5 mA 

60 
mA 3 

50 

40 
mA 3,4 

30 

60 
mA 3 

50 

10 /lA 

10 J.1A 

V 

0.4 V 



TMM41257P/T-12 
TMM41257P/T-15 

ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=0-70'C) (Notes 5,6,7) 

SYMBOL PARAMETER 
TMM41257P/T-12 TMM41257P/T-15 

UNITS NOTES 
MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 220 - 260 - ns 

tHWC Read-Write Cycle Time 240 - 285 - ns 

tHMW Read-Modify-Wrlte Cycle Time 260 - 310 - ns 

tilAC 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 

IT Transition Tune (Rise and Fall) 3 50 3 50 ns 7 

tflP 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 

teAS CAS Pulse Width 60 10,000 75 10,000 ns 

tHCO RAS to CAS Delay Time 25 60 25 75 ns 13 

tCRP CAS to RAS Precharge Time 10 - 10 - ns 

tCPN CAS Precharge Time 20 - 25 - ns 

tASH 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 

tAR Column Address Hold Time Reference to RAS 85 - 105 - ns 

tHCS 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 

tWCH Write Command Hold Time 25 - 30 - ns 

tWCR Write Command Hold Time Reference to RAS 85 - 105 - ns 

twP Write Command Pulse Width 25 - 30 - ns 

tRWL Wnte Command to RAS Lead Time 35 - 45 - ns 

tCWL Write Command to CAS Lead Time 35 - 45 - ns 

tos Data-In Set-Up Time 0 - 0 - ns 14 

toH Data-In Hold Time 25 - 30 - ns 14 

toHR Data-In Hold Time Reference to RAS 85 - 105 - ns 

tRFF Refresh Period - 4 - 4 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 15 

tcwo CAS to WRITE Delay 40 - 50 - ns 15 

tflWo RAS to WRITE Delay 100 - 125 - ns 15 

tCSR CAS Set-Up Time (CAS before RAS) 10 - 10 - ns 

tCHR CAS Hold Time (CAS before RAS) 30 - 30 - ns 

tRPC RAS Precharge to CAS Active Time 0 - 0 - ns 

tCPT CAS Precharge Time (CAS before RAS Counter Test) 50 - 60 - ns 

tNC Nibble Mode Cycle Time 55 - 70 - ns 

Nibble Mode Read-Write/ 
85 tNRWC - 105 - ns 

Read-Modify-Wrlte Cycle Time 

tNCAC Nibble Mode Access Time - 30 - 40 ns 10 

tNCAS Nibble Mode Pulse Width 30 - 40 - ns 

tNCP Nibble Mode CAS Precharge Time 15 - 20 - ns 

tNRRSH Nibble Mode RAS Hold Time (Read) 25 - 30 - ns 

tNWRSH Nibble Mode RAS Hold Time (Write) 45 - 50 - ns 

tNCWo 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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TMM41257P/T-12 
TMM41257P/T-15 

CAPACITANCE (VCC=SV±10%, f=1 MHz, Ta=0-70°C) 
SYMBOL PARAMETER MIN. 

Cl1 Input Capacitance (AO-AS, DIN) 

Cl2 Input Capacitance (RAS, CAS, WR I T E) 

Co Output Capacitance (DOUT) 

NOTES: 

MAX. UNITS 

5 pF 

7 pF 
----

7 pF -1 
1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC1, ICC3, ICC4, ICC5 depend on cycle rate. 

4. ICC1, ICC4 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 CAS Before RAS initializatio.Q cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VIH and VIL. 

8. 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. 

9. Assumes that tRCD~tRCD (max.). 

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

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

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

13. Operation within the tRCD(max.) limit insures that tRAc(max.) can be met. tRCD(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. 

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

15. twcs, tewD and tRWD 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 tCWD~tCWD(min.) and tRWD~tRWD(min.), the cycle is a read-write cycle or read
modify-vv'rite 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. 

- A-36 -



TIMING WAVEFORMS 

-READ CYCLE 

AD-AS 

DOUT 

-WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

CAS VIH 

VIL 

AD-A8 
VIH 

VIL 

WRITE VIH 

VIL 

TMM41257P/T-12 
TMM41257P/T-15 

~ Don'ICare 

DOUT 
----------------------------- OPEN----------- ~ Don'ICare 
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TMM41257P/T-12 
TMM41257P/T-15 

• REAO-WRITE/REAO-MODIFY-WRITE CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

VIH 
AO-A!J 

VIL 

WRITE VIH 

VIL 

DOUT VOH 

VOL 

DIN VIH 

VIL 

~I~ VALID~ 
DATA ~ 

~ Don't Care 
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• NIBBLE MODE READ CYCLE 

RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

AD-A8 VIH 

VIL 

DOUT 
VOH 

vOL 

WR ITE 
VIH 

VIL 

• NIBBLE MODE WRITE CYCLE 

RAS 
VIH 

VIL 

CAS VIH 

VIL 

AD-AS VIH 

VIL 

DOUT 
_______________ OPEN 

- A-39 -

TMM41257P/T-12 
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rm Don'! Care 

~ Don'!Care 



TMM41257P/T-12 
TMM41257P/T-15 

• NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 

VIH 
RAS 

VIL 

CAS VIH -

VIL -

VIH -
AD-A8 VIL _ 

VIH -
WRITE 

VIL -

DIN VIH 

VIL 

DOUT 
VOH 

VOL 
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• RAS ONLY REFRESH CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

Ao-A7 VIH 

VIL 

°OUT 
VOH 

OPEN 
VOL 

Note: WR IT E =Oon't Care, A8=00n't Care 

• CAS BEFORE RAS CYCLE 

VIH 
RAS 

VIL 

'CSR tCHR 

VIH 
CAS 

VIL 

VOH 
DOUT 

VOL 
OPEN 

Note: WR ITE =Oon't Care, AO-A8=Oon't Care 
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~ Oon'tCare 

~ Oon'tCare 



TMM41257P/T-12 
TMM41257P/T-15 

• HIDDEN REFRESH CYCLE (READ) 

AD-AS 
VIH 

VIL 

WRITE 
VIH 

VIL 

DOUT 
VOH 

VOL 

• HIDDEN REFRESH CYCLE (WRITE) 

RAS VIH 

VIL 

CAS 
VIH 

VIL 

AD-AS VIH 

VIL 

WRITE 
VIH 

VIL 

VIH 

DIN VIL 

DOUT 
VOH 

VOL 

~ Don't Care 

OPEN 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A8 

READ CYCLE 

[ 

DOUT 

WRITE 

WRITE CYCLE 

TMM41257P/T-12 
TMM41257P/T-15 

--------------------------~-----------OPEN 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

DOUT 

VALID 
DATA 

~ Don'ICare 
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TMM41257P/T-12 
TMM41257P/T-15 

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 TIL-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 
WR ITE and CAS while RAS is active. The later of the signals (WR ITE or CAS) to make 
its negative transition is t~e strobe for the Data In (DIN) register. This permits several options in the 
write cycle timing. In a write cycle, if the WR IT E input is brought low (active) prior to CAS, the DIN 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 WR IT E 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 WR IT E rather than CAS. (To illustrate this feature, 
DI N is referenced to WR IT E in the timing diagrams depicting the read-write and nibble mode write 
cycles while the "early write" cycle diagram shows DIN referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WR IT E 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 

TMM41257P/T-12 
TMM41257P/T-15 

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 DOUT 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. 
DOUT 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 a high data rate (faster than 
tCAC). Rowand 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). 

c (0,0) ~ (0,1) --. (1,0) ----. (1,1) 

Pin one (AS) determines the starting point of the circular 4 bits nibble. Row AS and column AS 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 ~ 1 0 ~ 11 with AS 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-aruund 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 (AO~A7) within each 4 millisecond time interva!. Although any normal memory cycle will 
perform the refresh operation, this function is mOit 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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TMM41257P/T-12 
TMM41257P/T-15 

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 at VIL 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 

RAS --~ 

CAS -----t-"" 

DOUT- OPEN VALID DATA 

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. 

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

(2) 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. 

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

(4) 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. 

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

(6) Perform the above (1) to (5) with the 
complement data. 
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YMM41257P/Y-12 
YMM41257P/Y-15 

OUTLINE DRAWINGS 

• Plastic Dip 

16 15 14 

I[ 
2 3 

2.54(.1 00)±0.25(.0 10) 

13 12 11 10 

4 5 6 

19.9(.783)MAX. 

. 0.5(.020)±0.15(.006) 

1.4(.055)±0.15(.006) 

Unit in mm (inches) 

Y 

8 

o 25( 010)+0.1 (.004) 

,
. . -0.05(.002) I 

7.62 (.300) -8.80(.346) 
0.2(.008) MAX. 

Note: Each lead pitch is 2.54mm. All leads are located within O.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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• Plastic LCC 

13.26(.522)-13.51 (.532) 

12.37(.487)-12.52(.493) 

INDEX DOT 

~ 11~·33(.013)-0.53(.021) 

10.85(.427)-11.86(.467) 

1.27(.050)TYP. 
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Unit in mm (inches) 
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TOSHIBA MOS MEMORY PRODUCT 
~~L~~~~4 ~~~~I~H~CBIT DYNAMIC RAM TMM41257 API AT I AZ-l 0, TMM41257 API AT I AZ-12 
N-CHANNEL SILICON GAlE CMOS TMM41257 AP/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 RAS-only refresh mode, a CAS-before
RAS automatic refresh is available. Another special feature of the TMM4125 7 AP / 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 
• Fast access time and cycle time 

T~lli4l257AP/AT/AZ-lO/-12/-l5 
RAS Access Time lOOns/120ns/150ns 
CAS Access Time 50ns/ 60ns/ 75ns 
Cycle Time 190ns/220ns/260ns 
Nibble Hode Access Time 25ns/ 30ns/ 40ns 
Nibble Mode Cycle Time 50nsj 60ns/ 70ns 

• Single power supply of 5V±lO% with a built-in VBB 
generator 

• Low Pm..rer: 
440mtJ HAX. Operating (TMM4l257AP/AT/AZ-lO) 
396mW MAX. Operating (T~lli4l257AP/AT/AZ-12) 
358mW MAX. Operating (T~lli4l257AP/AT/AZ-15) 

28mH MAX. Standby 

PIN CONNECTION (TOP VIEW) 

• Output unlatched at cycle end al
lows two-dimensional chip selec
tion 

• Cornmon I/O capability using 
"EARLY WRITE" operation 

• Read-Modify-Write, CAS before RAS 
refresh, RAS-only refresh, Hidden 
refresh, and Nibble Mode capabil
ity 

• All inputs and output TTL com
patible 

• 256 refresh cycles/4ms 
• Package 

Plastic DIP TMM4l257AP 
Plastic Leaded 
Chip Carrier 
Plastic ZIP 

TMM4l257AT 
TMM4l257AZ 

· Plastic LCC • Plastic ZIP Plastic DIP BLOCK DIAGRA~1 
f"' 
::> 
O'DQ't"'J. 

o <z« 

~ AS 
Vss A7 

AS Vee 
DIN 2 A1 

""'-iTCri:riTir....l 

PIN NAr~ES 

AO '\.0 A8 Address Inputs 

AS 1 Vss 

DIN 2 CAS 
WlUTE 3 14. DOUT 

ILW 4. 13 AS 
AO S 12 A3 
A2 S 11 A4. 
Al 10 AS 

Vee 

CAS Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

~·1RITE Read/Hrite Input 
VCC Power (+5V) 
VSS Ground 
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TMM41257AP/AT/AZ-l0, TMM41257 AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

ABSOLUTE ~1AX !f,1Uf4 RATINGS 
ITEH SYHBOL RATING 

Input and Output Voltage VIN, VOUT -1 'V 7 
Power Supply Voltage VCC -1 'V 7 
Operating Temperature TOPR O'V 70 
Storage Temperature TSTG -55 'V 150 
Soldering Temperature· Time TSOLDER 260 • 10 
Power Dissipation PD 600 
Short Circuit Output Current lOUT 50 

RECQt.1r·1ENDED DC OPERATING CONDITIONS (Ta=O'V 70°C) 

UNITS 
V 
V 
°c 
°c 

°c • sec 
mW 
rnA 

SYHBOL PARAMETEl} HIN. TYP. MAX. UNITS 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (VCc=5V±10%, Ta=O'V 70°C) 

NOTES 
1 
1 
1 
1 
1 
1 

1 

NOTES 
2 
2 
2 

SYNBOL PARAMETER BIN. MAX. UNITS ~OTES 

ICC2 

ICC3 

ICC4 

ICC5 

II(L) 

10(L) 

OPERATING CURRENT 
Average Power Supply Operating Current 
(RAS, CAS Cycling: tRC=tRC HIN.) 

STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CAS=VIH) . 

RAS ONLY REFRESH CURRENT 
Average Power Supply Current, RAS Only 
Refresh Mode 
(RAE Cycling. CAS=VIH: tRC=tRC MIN.) 
NIBBLE MODE CURRENT 
Average Pow'er Supply Current, Nibble Mode 
(RAS=VIL, CAS Cycling: tNC=tNC MIN.) 

CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, CAS Before 
RAS Refresh Mode (RAS, CAS Cycling, 
CAS Before r~s: tRC=tRC MIN.) 
INPUT LEAKAGE CURRENT 
Input Leakage Current, any input 

TMM41257AP/AT/AZ-IO - 80 
TMM41257AP/AT/AZ-12 - 72 rnA 3, 4 
TMM41257AP/AT/AZ-15 - 65 

5 rnA 

TMM41257AP/AT/AZ-IO - 70 
TMM41257AP/AT/AZ-12 _ 62 rnA 3 
f-T-MM---41-2-57-A-=P~./.AT-Y,-;AZ-----15-+-_--+--=5-=5~ 

TMM41257AP/A'l;/AZ-IO - 50 
TMM41257AP/AT/AZ-12 - 45 rnA 

I-r--MM-n-2-57-AP-:-V--:-A T--:/.-:'AZ-----1-5+---+--,-4..:..0-
3, 4 

TMM41257AP/AT/AZ-IO - 70 

TMM41257AP/AT/AZ-12 - 62 rnA 3 

TMM41257AP/AT/AZ-15 - 55 

-10 10 
(OV ~ VIN ~ 6.5V, All Other Pins Not Under Test = OV) 

-10 10 OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~+5.5V) 

2.4 - V 
OUTPUT LEVEL 
Output "H" Level Voltage (lOUT = -5mA) 
OUTPUT LEVEL 
Output "L" Level Voltage (lOUT = 4. 2rnA) 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O 'V 70°C) (Notes 5, 6, 7) 

TMM41257AP/ TMH41257AP/ TMM41257AP/ 
SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS NOTES 

MIN. HAX. HIN. HAX. MIN. HAX. 

tRC Random Read or Write Cycle Time 190 - 220 - 260 - ns 
tRwc Read-Hrite Cycle Time 200 - 240 - 285 - ns 
trulW Read-Hodify-Write Cycle Time 220 - 260 - 310 - ns 
tNC Nibble Hode Cycle Time 50 - 60 - 70 - ns 

tNRWC 
Nibble Mode Read-Write / Read-
Hodify-Write Cycle Time 

75 - 90 - 105 - ns 

tRAC Access Time from RAS - 100 - 120 - 150 ns 8,10 

tCAC Access Time from CAS - 50 - 60 - 75 ns 9,10 

tNCAC Nibble Mode Access Time - 25 - 30 - 40 ns 10 
tOFF Output Buffer Turn-Off Delay 5 25 5 30 5 35 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 
tRP RAS Precharge Time 80 - 90 - 100 - ns 
tRAS RAS Pulse Width 100 110,000 120 \10,000 150 10,000 ns 
t RSH RAS Hold Time 50 - 60 - 75 - ns 

tCSH CAS Hold Time 100 - 120 - 150 - ns 

tCAS CAS Pulse Width 
1---

50 110,000 60 10,000 ·75 10,000 ns 

tRCD 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 

tCAR Column Address H~ld Time 20 - 25 - 30 - ns 

Column Address Hold Time 70 85 - 10': - ns tAR Reference to RAS -
tRCS Read Command. Set-Up Time 0 - 0 - 0 - ns 

Read Command Hold Time Reference 0 0 - 0 - ns 12. tRCH to CAS -
tRRH 

Read Command Hold Time Reference 10 15 20 - 12 - - ns 
to RAS 

tWCH Write Command Hold Time 20 - 25 - 30 - ns 

tWCR 
Write Command Hold Time Reference 

70 to RAS - 85 -. 105 - ns 

twp Write Command Pulse Width 20 - 25 - 30 - ns 

tRWL Write ':ommand to RAS Lead Time 25 - 35 - 45 - ns 

tCWL Write Command to CAS Lead Time 25 - 35 - 45 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TMM4l527AP/ TMM4l527AP/ TMM4l527AP/ 
SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 
tDH Data-In Hold Time 20 - 25 - 30 - ns 

tDHR Data-In Hold Time Reference to RAS 70 - S5 - 105 - ns 

tREF Refresh Period - !, - !{- - 4 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 

tCWD CAS to WRITE Delay Time 30 - 40 - 50 - ns 

tRWD RAS to \ffiITE Delay Time SO - 100 - 125 - ns 

tNCAS Nibble Mode CAS Pulse Width 25 - 30 - 40 - ns 
t NCP Nibble Mode CAS Precharge Time 15 - 20 - 20 - ns 

tNRRSH Nibble Mode RAS Hold Time (Read) 20 - 25 - 30 - ns 
t NWRSH Nibble Mode RAS Hold Time (Write) 40 - 45 - 50 - ns 

tNCWD Nibble Mode CAS to WRITE Delay 25 - 30 - 40 - ns Time 

tNCWL Nibble Mode WRITE Command to CAS 20 - 25 30 , - - ns 
Lead Time -

tCSR CAS Set-Up Time (CAS'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 

tCPT 
CAS Precharge Time (CAS before 40 - 50 - 60 - ns 
RAS Counter Test) 

CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=O'V 70 D C) 

SYMBOL PARAMETER MIN. MAX. UNITS 

CIl Input Capacitance (Ao 'V AS , DIN) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE) - 7 pF 

Co Output Capacitance (DOUT) - 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 voltages are referenced to Vss. 

3. ICCl, ICC3, ICC4, ICCS depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200~s 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. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIH and VIL. 

8. Assumes that tRCD ~ tRCD(max.) • If tRCD is greater than l~:le maximum recommended 
value shown in thi~ table, tRAC will increase by the amount that tRCD exceeds 
the value shown. 

9. Assumes that tRCD 6 tRCD(max.) 

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

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

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

13. Operation within the tRCD(max.) limit insures that xRAc(max.) can be met. 
tRCD(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. 

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

15. twcs, tcwn and tRWD are not restrictive operating parameters. They are in
cluded in the data sheet as electrical characteristics only. If twcs ~ t:WCS 
(min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If tcwn ~ tcwn(min.) 
and tmm ~ 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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TUlING HAVEFORr·1S 

READ CYCLE 

RAS 
vIH 

vIL 

vIH 
CAS 

vIL 

AO-AS 
vIH 

vIL 

WRITE 
VIH 

VIL 

VOH 
DOUT 

VOL 

OPEN 

WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

VIH 
AO-AS 

VIL 

WRITE 
VIH 

VIL 

DIN 
VIH 

VIL 

VOH 
Do!U' 

VOL 
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READ-HRITE/READ-MODIFY-VJRITE CYCLE 

VIH 
CAS 

VIL 

VIH 
AO-AS 

VIL 

WRITE 
VIH 

VIL 

VOH 
DOUT 

VOL 

VIH 
DIN 

VIL 

f2Zl Don't care 
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NIBBLE HODE READ CYCLE 

DOUT 

WRITE vIH
vIL -

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

RAS 
vIH-

vIL -

CAS VIH 

VIL 

WRITE v IH -
vIL -

DIN 
VIH -

VIL -

DOD'!' 
VOH 

VOL 
[LZJ Don't care 
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NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 

DOU! 

~ Don't care 
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RAS Oh~Y REFRESH CYCLE 

VIH_ 
ID:S 

vIL -

CAS 
VIE -
vIL _ 

DOUT OPEN 

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

CAS BEFORE RAS REFRESH.CYCLE 

tCHR 

CAS 
VIH -

VIL -

VOH 
DOUT 

VOL 
OPEN 

Note: WRITE=Don't care, AO '" A8=Don' t care 
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HIDDEN REFRESH CYCLE (READ) 

RAg" 
VIH 

VIL 
tRCD tRSH tCHR 

tCAS 
CAS 

VIH -

VIL -
t ASR tCAR 

AO-AS 
VIH-

VIL -

I 'ROt I I 
WRITE 

VIH -

VIL - 7///////T ~ 
I tRAC I 

DOUT 
VOF. t VOL 

I tRRH I 
*@Pff///@ijJjijI7lll4 

r----_----il ~'OFF 
VALID DATA ~ 

~ Don't care 
HIDDEN REFRESH CYCLE (WRITE) 

RAS 
vIH -

vIL -

CAS VIH 

VIL 

AO-AS VIH 

VIL 

WRITE 
VIH 

VIL 

VIH 
DIN 

VIL 

DOUT 
VOH 

OPEN 
VOL 

~Don't care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

'CRAS 

RAS 
vIH 

vIL 

CAS 
v IH 
vIL 

AO-AS 
vIH 

VIL 

READ CYCLE 
VOH 

[DOUl vOL 

WRITE 
VIH 
v IL 

WRITE CYCLE 

VOH 
DOUT 

vOL 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

'CRCS 'CCWD 

WRITE VIH 
VIL 

'CDS 

DIN 
VIH 

VIL 

[Z2Ll Don't 
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APPLICATION INFORMATION 

ADDRESSING 

TMM41257 AP/AT/AZ-l 0, TMM41257 AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

The 18 address bits required to decode 1 of the 262,144 cell locations within 

the TMM4l257AP/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 ([AS), 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 dat:a access. The later events in the CAS clock sequence are inhibitE'.d 

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 ~f 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 (DIN) register. 

This permits several options in the write cycle timing. In a write cycle, if the 

\ffiITE input is brought low (active) prior to CAS, the DIN is strobed by CAS and the 

~et-up and hold times are referenced to CAS. If the input dat~ is not available at 

~ time or if it is desired that the cycle be a read-write cyclc~ the WRITE signal 

will be delayed until atter 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 \VRITE rather than CAS. (To illustrate this feature, DIN is referenced to \VRITE 

in the timing diagrams depicting the read-write and nibble mode write cycles while 

the "early write" cycle diagram shows DIN 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 (DOUT) of the TM}141257AP/AT/AZ is the 

high impedance (open circuit) state. 

level, the DOUT pin will be floating. 

This is to say, anytime CAS is at a high 

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. DOUT 

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 tCAC). Rowand column 

addresses need only be supplied for the first access of the cycles. From then on, 

the falling edge of ~ 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). 

c(O, 0) -(0, 1) - (1, 0) --(1, l)~ 

Pin one (AS) determines the starting point \.If the circular 4 bits'nibb1e. Row AS 

and column AS 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 AS 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 (AO 'V 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 ICC3 specification. 

- A-64 -



CAS BEFORE RAS REFRESH 

TMM41257 AP/AT/AZ-l 0, TMM41257 AP/AT/AZ-12 
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CAS before RAS refreshing available on the TMM4l257AP/AT/AZ 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 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. Hi~Jen Refresh is performed by holding CAS at VIL 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 

DOUT - OPEN-I------( VALID DATA 

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 TMM4l257AP/AT/AZ can be tested by CAS 

BEFORE ~ 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. 

CD 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 ®. 

® Using the same colunm 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 ®. 

® Perform the above CD to @) the complement data. 
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OUTLINE DRAWINGS 

• Plastic DIP 

r:::::::I] 
1 8 

19.9MAX 

~ ~--~I~--~~~- ~I 
::i! 
U1 
til 

0.5 ±0.15 

1.4 0, 5 

2.54±0.25 

Unit in mm 

7.62±0.25 

,', '--_---l 

" 11 
11 

LJ I +O~ I 0.25 -OD 5 

Note: Each lead pitch is 2.54mm. All leads are located within O.25mm of 

their true longitudinal position with respect to No.1 and No.16 leads. 

All dimensions are in millimeters. 
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• Plastic LCC 

o-i oodI 
t1 oodI 
!X) r.: 
I I 
It) 0 
o CIl 
ai r.: 

1 3.2 6 - 1 3.5 1 

1 2.37 - 1 2.5 2 

0.33-0.53 

1 0.8 5 - 11.8 6 

Unit in mID 

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

I 

t - r- -

\oj u V u 

1.27± 0.25 

TMM41257 AP/AT/AZ-l 0, TMM41257 AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

Unit in mm 

20.65MAX. 

- r-

v ~ " V v v " " V 

0.20-0.35 
0.45-0.75 

--t-_--+~2.54 TYP. 

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 

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 TM M 

FEATURES 

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

DEVICE tRAC teAe tnc 
TMM41464P-12 120ns 60ns 220ns 

TMM41464P-15 150ns 75ns 260ns 

• Single power supply of 5V± 10% with a built-in 
VBB generator 

• Low power: 
385mW Operating (MAX.) (TMM41464-12) 

PIN CONNECTION 

PIN NAMES 

Ao-A7 

CAS 

1/0,-1/04 

RAS 

WRITE 

OE 

Vcc 

VSS 

1/04 

CAS 

1/03 
AO 

Al 

A2 

A3 
A7 

Address Inputs 

Column Address Strobe 

Data Input/Output 

Row Address Strobe 

Read/Write Input 

Output Enable 

Power (+5V) 

--

----- - -_ .. _-- -.----------- -----------

Vss Ground 

TMM41464P-12 
TMM41464P-15 

4 1464P 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± 10% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TIL. 

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

• All inputs and outputs TTL compatible 
• 256 refresh cycles/4ms 

BLOCK DIAGRAM 

1/02 1/04 
1/01 1/03 

WR1TE-o-------4{~-------J~ 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

MBMORY 
ARRAY 

256x256,.,A 
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TMM41464P-15 

ABSOLUTE MAXIMUM RATINGS 
---

ITEM 

Input and Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 
---

Solde~lng Temperature· TI me 

Power DIssipation 

Short Circuit Output Current 

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

SYMBOL ~-. _~~R ~~._~= M~. ~~ ~~l=~M~-= ~ 
f--__ V_cc ____ , Supply Voltage . + __ ~_ ~_5~---+ __ ~~---1 V _ ~_3. 

VIH r Inp~_~~lgh VOltage _________ ~--~-2~-I-----=------+--6--. 5 ___ ~ __ V ___ 2 __ 

V~-,~ut Low Volt~5!.~.~ ___________ 1_. __ _=_2~.~_-__ .j o. 8 1 __ ~_ 2 

DC ELECTRICAL CHARACTERISTICS (Vcc= 5V± 10%, Ta =0-70 C) 

SYMBOL PARAM 

OPERATING CURRENT 

Icci Averace Power Supply Operating Curren 
(RAS, CAS Cycling trK = tR(~ MIN.) 

STANDBY CURRENT 

____ -~ ~ MINTMAXT UNITS NOTES 

TMM41464P-12 - 70 
----.-- -f--- mA 3,4 

TMM41464P-15 - 60 
-'-- . -.- -- .--t----i 

ETER 

IcC2 Power Supply Standby Current 

~~~=CAS=V"<I . ~_. 
RAS ONLY REFRESH CURRENT 

IcC3 Aver~ge Power~ply Current, RAS Onl 
(RAS Cycling, CAS=VIH : tHc~tHC MIN. 

f- -------------.--.. ----. 
PAGE MODE CURRENT 

IcC4 Average Power Supply Current, Page M 
(MS-=: VII, CAS- Cycling: trc=trc MIN.) 

CAS' BEFORE-RAS- REFRESH CURRENT-

IcCb Average Power Supply Current, CAS Before 
(RAS Cycling, CAS- Before RAS : tRc=tn 

INPUT LEAKAGE CURRENT 

Ilill Input Leakage Current, any input (OV~ VI 

)

y M __ O_d_e----'-L~TMM41464P~12I---_~1 :: -----3-

~MM41464P-15 -- I 50 

I TMM41464p--;;--f-=-T6o 
ode r-:- mA 

;5 MOd~----i ~~~~ :::::::- =j~:5:0 
c MIN.) I TMM41464P-15 

-f----+---.--

N~6.5V, All Other PinS 

mA 

3.4 

3 

=OV) 
------------~-------.------------------

OUTPUT LEAKAGE CURRENT 
10Ili (DoLJI IS disabled, OV~V()IJ1~ +5.5V) ~ Vo" --n~~~~LEZ!5e~VOI:::~:O'~~:~,------------

~-. Va' I ~~t:~:::~~~;,~:~:O~~:'H~-~:m~J--n----- -------~-r ~;l~=t-

- A-72 -



TMM41464P-12 
TMM41464P-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±1O%, Ta=0-70'C) (Notes 5,6,7) 

TMM41464P-12 TMM41454P-15 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 220 - 260 - ns 

tRMW Read-Modify-Write Cycle Time 295 - 355 - ns 

tpc Page Mode Cycle Time 120 - 145 - 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 0 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 

tRSH RAS Hold Time 60 - 75 - ns 

tCSH CAS Hold Time 120 - 150 - ns 

tCAS CAS Pulse Width' 60 10,000 75 10,000 ns 

tRCO RAS to CAS Delay Time 25 50 25 75 ns 13 

tCRP CAS to RAS Precharge Time 10 - 10 - ns 

tCPN 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 

tRCS 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 

tWCH Write Command Hold Time 35 - 45 - ns 

tWCR Write Command Hold Time Reference to RAS 95 - 120 - ns 

twp Write Command Pulse Width 35 - 45 - ns 

tRWL Write Command to RAS Lead Time 35 - 45 - ns 

tCWL Write Command to CAS Lead Time 35 - 45 - ns 

tos Data-In Set-Up Time 0 - 0 - ns 14 

tOH Data-In Hold Time 35 - 45 - ns 14 

tOHR Data-In Hold Time Reference to RAS 95 - 120 - ns 

tREF Refresh Period - 4 - 4 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 15 

tCWD 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 
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I I lMM41464P-12 , lMM414G4p·l:) 
SYMBOL i PARAMElER I---.--.----T----------~ 

._ . __ J.,,_._.,.,--.- ". . ... c.-- .. _ O--=:-------------.. +~~-~j-~-~-~~--j MIN. 
tl H" _ .. L_S,0;_-Hold!lrT1 C ~nr C~SBefo!e .R.~?~~~~r~~~. ______ J --.-.~~J . ___ =___ . ____ 3~ __ , . 
tc.",~ I CAS Set-LJp T !nrC' for CAS Before RAS f~efresh I 1 0 ~ -- i 10 

-.-.--.. -.. - - i '-::'.-=.'=: - .......... '- - .. -. c' ..... . ..... - - .. ----.-.--.-.--.-- .-j-.-.. -- ---.... - .. -.--. -.-- .. -.~ ... - - .. 

tw'!. I CAS Precharge to (l'lS Active Time ! 0: -. : 0 
r . - ---- ...... -.-+- -.::'~:c.-c --. - .. ' .-... ... . " ............. ::::.-.. -- .------:::-:-_'0.,---.---.--.; -----.- .+---.-----.-... -.--.. -..... . 
I I CAS Precharge Time for CAS Before RAS Counter i, 50 60 

I tr.PT i Test ! I I 
. ____ .. __ ._ . ..l ____ ..... __ ..... _. ___ ._ ... __ ... __ ... _ .. _. _._ .......... ________ .. __ . ___ --1 _______ L __ . ______ . __ ._1... .. 

MAX 

CAPACITANCE (V'r· 5V+ 10'1<), f.1MHz, Ta=0-70C) 

[~.?~~~9j~-r'-.:-:~--=- ... --.------. ___ . ____ ~!E~~~~~~~~=~-~=_-_=_~ ... _ ~~~._-=~~._= .. ~~~_~.-... -} MIN 

~---~~l----L~~E..:Jt.~a.?~~~t~~~-e _~0~::=: '\lL-:cc __ =--=::.-=-==_--== ____ ____ ._. ._. ________ ._. ___ . _______ .. _. _ ~ 
i CI7 I Input Capacitance (RAS, CAS, WHITE, OE) , .. -.~-.-- .. - .. ----~-- ... ----- .. --.-- .. -... ~-. ---._-_ .. _- _ ...... _--_._------ -_ .. _ ... _--".-_. __ ._-_ •... _-_ .. _- ... -. 
I Co ; Input/Output Capilcltance (I '01 --1,04) 
1 ____ . __ 0 _ •• _____ 4____ _ ___ .•.. ____ • __ . ____________________ . _____ • __ . __ .. ___ . ____ .. ____ .J,_ . 

NOTES: 

n~; 

ns 

ns 

MAX 

b 

UNITS 

pf 

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. ICCl, 1eC3, IcC4, icu) depend on cycle rate. 
4. IcCl, IcC4 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 CAS cycles before proper deVice operation 

IS achieved. In case of uSing internal refresh counter, a minimun of 8 CAS Before RAS Inltlal17atlcn cycles Instead 
of 8 RAS cycle are required. 

6. AC measurements assume tr = 5ns. 
7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, transition times are 

measured between VIH and VII. 
8. Assumes that tRCOStRCO (max.). If tRCO is greater then·the maximum recommended value shown in this table, tni\C 

will increase by the amount that tRCD exceeds the value shown. 
:J . Assumes that tRCO ~ tRCO (max.). 
10. Measured with a load equivalent to 2 TLL loads and 1 OOpF . 
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 tRCH or tnRH must be satisfied for a read cycle. 
13. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. 

tRCO (max.) is specified as a reference point only: If tRCD is greater than the specified tRCO (max.) limit, then access 
time is controlled exclusively by tCi\C. 

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

15. twcs, tCWD and tRWD 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 input/output pin will remain open 
cirCUits (high impedance) throughout the entire cycle; If tCWD~tCWD (min.) and tRwD~tRwD(mln.), 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 

VIH-----~ ~--------tR~A~S~------I~----------~ 
RAS tAR 

VIL-

tCPN 

AO-A? 

I~ 
I-----t~ROH~~JJI//J II/Jfm !II 

VOH'-
1/01-1/04 --------- OPEN VALID DATA-OUT 

I22J Don I t Ca re 

o WRITE CYCLE (EARLY WRITE) 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

AO-A? VIH-

VIL-

VIH

DE VIL---LLL~~LL~~~~~LL~~~~~~~~~~~~~~~~~~~~~~~~ 

~
DHRI 

t~ tDH:~ 
VIH-

1/01-1/04 ----------- VALID DATA- IN -------
VIL- -_ 

OPEN 
~Don't Care 
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• WRITE CYCLE (DE CONTROLLED WRITE) 

CAS 
VIH 

VIL 

AO-A7 
V1H 

VIL 

WHITE 
VIH 

VIL 

OE 
VIH _ 

V1L -

VIH -
1/01-1/04 

VIL -

• READ-WRITE/READ-MODIFY-WRITE CYCL~ 

AO-A7 

vr/OH 
1/01-1/04 V1/0L 

~ D"Tl I t Care 
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• PAGE MODE READ CYCLE 

tAR 

VIH 
AO-A? 

VIL 

VIII 
WRITE 

VIL 

VIH 
Ot<.: 

VIL 

1/01-1/04 
VOL 

o PAGE MODE WRITE CYCLE 

Wi'ITTE 
VIH 

VIL 

VIH 
DE 

VIL 

VIH 
1/01-1/04 

VIL 

tpc 
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VALID 
DATA-OUT 

~ Don't Care 
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• RAS ONLY REFRESH CYCLE 

Notes: WRITE, OE=Don't Care ~Dur.'t 1;::1-

• CAS BEFORE HAS REFRESH CYCLE 

____ tHAs -----------1 

~----tcHH~---~ ~----t~c~~N~--~ 

F-----------{¥ 
1/01-1/04 

VOH - OPEN 

VOL -----~ 

~Jo te : WRITE, OE, AO '\, A 7=Don 't Care 
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• HIDDEN REFRESH CYCLE 

TMM41464P-12 
TMM41464P-15 

~ ______ t-=H..:..:C ______ ---+_. _ .... _ _ .. --~~{~---.------t 

AU-Nt 

1/01-1/04 

Vm -

VOH

VOL-

t HA ;] 
- ----- ---.-------- .. --

tC.PN 

1/lI//I/I///I!I!///////III! M 
I 

VALID DATA-OUT 

~ Dun't Cart:l 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
tRAS 

HAS 
VIL 

tCPT 

VIH 
CAS 

VlI, 

VIH 
AO-A? 

V II, 

READ CYCLE '91 
mu TE :;: ?/// //1/1111///1 II /I I. 

1/01-1/04 OPEN -----H-------(I 

WRITE CYCLE 

r 

twcs 

tRP 

VALID 

l 
VIH 

OE 
VIL WJII/////////I!II//! $#$;/W$ ~ #ffi 
VIH 

1/01-1/04 
V I I, 

OPEN 

READ-WRITE/READ-t1ODIFY-HRITE 

VI/OH 
1/01-1/04 

VI/OL 

tDS tDH 

DATA-IN 

CYCLE 
tcwD 

~ Don't Care 
VALID DATA-UUT 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 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. 

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 (tRAH) 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-wrile, OE must be high to 
bring the output buffers to high impedance prior to 
impressing data on the I/O 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 

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 bE 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-A?) 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 Icc3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TM M4 1464P 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 0 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 
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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 

I--_M_l'M_UH'{ C YCLl<.: 

TIAJ ---....... 

l;AU ----+--.. 

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 (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

Hl<.:FHlliH eyc Ll<.: REFHEf:lH CYCLE 

VALID DATA-('UT 

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. 

CD 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 2 56 bits at normal read mode, 
which was written at @ . 

(~) 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. 

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

(§) Perform the above CD to ® to the complement 
data. 
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OUTLINE DRAWINGS 

;;.o4±O.~b .i.4 tIJ.10 

U.O .J::u.10 

I) 

-:i 
:z; 

:g 
Q 
.1 

TMM41464P-12 
TMM41464P-15 

Unit in mm 

U-l~.J(' 

NOTES: Each lead pitch is 2. 54mrn. All leads are located within 0.2 5mm of their true longitudinal r.Josltlon 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. 

CC) Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
1,048,576 WORDS X 1 BIT DYNAMIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

The TC5llOOOP/J/Z is the ne~v generation dynamic RAN organized 1,048,576 words by 1 bit. 
The TC5llOOOP/J/Z utilizes TOSHIBA's CHOS 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 TC5llOOOP/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. IJTest Mode" function is implemented from Ilevision C. 

FEATURES 

• 1,048,576 words by 1 bit organization 
• Fast access time and cycle time 

TC5llOOOP/J/Z-85-10-l2 

tRAC HAS Access Time 85ns lOOns l20ns 

tM 
Column Address 

45ns Sans 60ns Access Time 

tCAC CAS Access Time 25ns 25ns 30ns 
t RC Cycle Time l65ns 190ns 220ns 

tpc Fast Page Hade SOns 55ns 70ns Cycle Time 

• Single pOvler supply of 5V±10% ~vith a built
in VEE generator 

PIN COmlE:TICN (TOP VIEt-l) 

Plastic DIP Plastic SOJ Plastic ZIP 
DIU 1 Vss 

~ Vss 
~ DOU1 ~1 ID:S ~ roili 

11" A9 
TF N.C. 

AO 
N.C. A9 

A8 

A7 AO A8 
A2 All Al A7 

A3 A5 
A2 A6 
A3 A5 

a4. VCC A4. Al 

A3 

PHI rlN·1ES M, 

AS 

AD '" A9 Address Inputs A8 

m Row Address Strobe 
DIN Data In 
DOUT Data Out 
CAS Column Address Strobe 
WRITE Read/Write Input 
Vec Power (+5V) 
VSS Ground 
TF Test Function 
N.C. No Connection 

• Low Power 
3n5m~J HAX. Operating (TC5ll000P / J /Z-85) 
330mtoJ UP.X. Operating(TC5ll000P/J/Z-10) 
275mW MAX. Operating(TC5ll000P/J/Z-12) 
5.5mtJ HA.,{. Standby 

• Output unlatched at cycle end allows 
tHo-dimensional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Hrite, CAS before HAS refrl::'~~'J I 

RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC5ll000P 

Plastic SOJ: TC5ll000J 
Plastic ZIP: TC5ll000Z 

BLOCK DIAGRAf.1 

AO 
Al 

A2 

A3 

A4. 

AS 

AS 
A7 

AS 

A9 

GUDGTRATE DIAG -Q Vee 

L-0_E_N_E_RA_T_O_R _---' --0 V S8 
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TC511000P/J/Z-S5, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

ABSOLUTE MAXIMUM RATINGS 
ITEH SYHBOL RATING UNITS 

InQut Voltage VIN -1 tV 7 V 
Test Function Input Voltage VIN(TF) -1 tV 10.5 V 
Output Voltage VOIrI' -1 tV 7 V 
Power Supply Voltage VCC -1 tV 7 V 
Operating Temperature TOPR o tV 70 °c 
Storage Temperature TSTG -55 tV 150 °c 
Soldering Temperature • Time TSOLDEP. 260 • 10 °c • sec 
Power Dissipation PD 600 m~v 

Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O tV 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5·.5 
VIH Input High Voltage 2.4 - 6.5 
VIL Input Lm.; Voltage -1.0 - 0.8 
VIH(TF) Test Enable Input High Voltage VCC+4.5 - 10.5 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=OtV70°C) 

STI1BOL PARAMETER 
OPERATING CURRENT TC511000P~J~Z-B5 

ICCI Averag~ower Supply Operating Current TC511000P~J/Z-IO 

(RAS. CAS. Address Cycling: tRC=tRC MIN. ) TC511000P~J~2-12 

STAl~DBY CURRENT 
ICC2 Power Supply Standby Current 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TC511000P~J~Z-B5 

ICC3 Average Power Supply Current, RAS Only Mode TC511000P~J~Z-lO 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC511000P~J~Z-12 

FAST PAGE HODE CURRENT TC511000P~J~Z-B5 

ICC4 Average Power Supply Current, Fast Page Mode TC511000P~J~Z-lO 

(RAS=VIL, CAS, Address Cycling: tPC=tpc MIN.) TC511000P~J~Z-12 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 

(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TC511000P~J~Z-85 

ICC6 Average Power Supply Current, CAS Before TC511000P~J~Z-lO 

RAS Hode (RAS, CAS Cycling: tRC=tRC MIN.) TC511000P~J~Z-12 

INPUT LE~\GE CURRENT (any input except TF) 
II(L) Input Leakage Current, any input (OV ~ VIN ~ 6. SV, All Other 

Pins ~:ot Under Test=OV) 

IITF (L \ 
INPUT LEAKAGE CURRENT (only TF) 
(OV ~ Vnr (TF) ~ J. 8V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ 5. 5V) 

ITF 
TEST FUNCTION INPUT CURRENT 
(VCC+4•5V ~ Vnr(TF) ~ 10.5V) 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5mA) 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2rnA) 
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1 
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1 
1 
1 
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UNIT NOTES 
V 2 
V 2 
V 2 
V 2 

MIN. MAX. UNITS NOTES 
- 70 

I - 60 rnA 3, !~ 
- 50 

- 2 rnA 

- 70 
- 60 rnA 3 
- 50 ... ~ .. -. 
- 50 
- 40 rnA 3.4 
- 30 

- 1 rnA 

- 70 
- 60 rnA 3 

- 50 

-10 10 ).lA 

-10 10 ].1 A 

-10 10 ].1-A 

- 1 rnA 

2.4 - V 

- 0.4 V 



TC511000P/J/Z-S5, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VcC=5V±10%, Ta=0",,70°C) (Notes 5,6,7) 

SYMBOL PARAMETER 
TC511000P~J~Z-85 TC511000P~J~Z-lO TC511000P~J~Z-12 

UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC 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 

Fast Page Mode Read-Write Cycle 
75 85 105 tpRWC - - - ns 

Time 

tRAc Access Time from RAS - 85 - 100 - 120 ns 8,13 

tCAC Access Time from CAS" - 25 - 25 - 30 ns 8,13 

tM Access Time from Column Address - 45 - 50 - 60 ns 8,14 

tCPA Access Time from CAS Precharge - 45 - 50 - 65 ns 8 

tCLZ CAS to Output in Low-Z 5 - 5 - 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 

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 

tRCD RAS to 'CAS Delay Time 25 60 25 75 25 90 ns 13 

tRAD RAS to Column Address Delay 20 40 20 50 20 60 14 
Time ns 

tCRP CAS to RAS Precharge Time 10 - 10 - 10 - ns 

tcp CAS Precharge Time (Fast Page 10 - 10 - 15 - ns 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 

tAR Column Address Hold Time 
referenced to p~s 65 - 75 - 90 - ns 

tRAL Column Address to RAS Lead Time 45 - 50 - 60 - ns 
t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH Read Connnand Hold Time 0 - 0 - 0 - ns 10 

tR..~H Read Connnand Hold Time 
referenced to RAS 0 - 0 - 0 - ns 10 
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TC511000P / J/Z-85, TC511 OOOP / J/Z-l 0 
TC511000P / J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC511000P~J~Z-85 T C511000P~.r~Z-lO TC511000P~J~Z-12 
SYMBOL PARAMETER UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

tWCH Write Command Hold,Time 20 - 20 - 25 - ns 

tWCR Write Command Hold Time 
65 referenced to RAS - 75 - 90 - ns 

twp Write Command Pulse Width 20 - 20 - 25 - ns 

tRWL 
Write Corrnnand to RAS 'Lead 
Time 20 - 25 - 30 - ns 

tCWL 
Write Command ~o CAS Lead 

20 25 30 Time - - - ns 

t DS Data Set-Up Time 0 - 0 - 0 - ns 

tDH Data Hold Time 20 - 20 - 25 - ns 

tDHR 
Data Hold Time referenced 65 75 90 ns 
to RAS - - -

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 

tCWD CAS to WRITE Delay Time 25 - 25 - 30 - ns 
tRWD RAS to WRITE Delay Time 85 - 100 - 120 - ns 

tAWD 
Column Address to WRITE 
Delay Time 45 - 50 - 60 - ns 

tCSR 
CAS Set-Up Time (CAS before' 

10 - 10 - 10 - ns RAS Cycle) 

tCHR 
CAS Hold Time (CAS before 

30 30 RAS Cycle) - - 30 - ns 

tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS be-

50 - 50 - 60 - ns fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

t TES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 - ns referenced to RAS 

tTEH Test Hode Enable Hold Time 
0 0 0 referenced to RAS - - , - ns 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

CAPACITANCE (VCC=SV±lO%, f=IMHz, Ta=O IV 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO IV A9, DIN) - 5 

CI2 Input Capacitance (RAS, CAS, ~VRITE , IT) - 7 pF 
Co Output Capacitance (DOUT) - 7 .-

NOTES: 

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

2. All Voltages are referenced to VSS. 

3. ICCI, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCI' ICC4 depend on output loading. Specified values are obtained with the 
output open. 

S. An initial pause of 200~s 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 tT=5ns. 

7. VIR(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also', transition times are measured between VIR and VIL. 

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

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

10. Either tRCR or tRRH 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-write cycles. 

12. t~vCS' tRWU, tcwn and tAWO are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs ~ twcs 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRWO ~ truiD(min.), 
tCWD ~ tcWO(min.) and tAvID f tAWD(min.), the cycle is a read-write cycle and 
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. 

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

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAO is greater then the 
specified tRAD(max.) limit, then access time is controlled by tAA. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

TIMING WAVEFORMS 

READ CYCLE 

AO-A9 

__ VIH 
WRITE 

I:CSH 

OPEN 

tRP 

VALID DATA 

~: "H"or"L'1 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

WRITE CYCLE (EARLY WRITE) 

AO-A9 COLUMN 

tC'l1L 

V IH - ~-r-r-r-r-l-r-r-r-r-r-r-l-r-r"'l""7"\ 

~ ~~--~----------~ 

tDS I tDH 

::: =l$!l///e/$!I/~R VALID DATA ]<1$11;1//$///////////0 
I 

VOH - ______________ _ 
OP:SN 

VOL -

~: "H"or"L" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511 OOOPI J/Z-85, TC511 OOOP / J/Z-l 0 
TC511000P/J/Z~12 

READ-WRITE CYCLE 

VIH -
CAH 

AO-A9 

WRITS 

DOUT 

VIL -
tCSH 

COLUMN 

tAWD 

tCWD 

VIH - I I 
V IL - '-'-'-..k..4.J.~'-'-'-..I-I-.i...J...J..J tRCS 

I I I tD~1 tDH ~ I I I j 

::: =W$////;/////////!///#/II!$; ~VAL-ID DA----='TA ]1/&1$/!##& 

VOH -

VOL -

~ 
----- OPEN ~ VALID DATA p}---

tGLZ ~ ~""'" 1=~~ 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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FAST PAGE HODE READ CYCLE 

TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

VIH _---:L 
RA:3 ~---------------------------------------~ 

V IH - ---:!:---+-+--------:~ 

AO-A9 

VOH -
DOUT ------------~y 

~: "H"or"L'1 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-S5, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

FAST PAGE MODE HRITE CYCLE (EARLY WRITE) 

VIH -
HAS 

VIH -

VIL -

AO-A9 

VIR -
WRITE 

Vn -

VIH 
DIN 

Vn 

VOH 
DOUT 

VOL 

tDHR 

OPEN 

~ : "H" crilL" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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FAST PAGE MODE READ-t.ffiITE CYCLE 

VIL -

VIH - ----=X=---t-+----~ 

AO-A9 vIH-

VIL -

__ VIH
WRITE 

VIH -

'=RAC 

VOH -
---------~[V 

VOL -

TC511000P / J/Z-85, TC511 OOOP / J/Z-l 0 
TC511000P/J/Z-12 

~: "H'lor"L'1 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

.. 
RA] ONLY REFRESH CYCLE 

VIL -

VIH -
AO-AS 

VIL -

VOH -
DOUT 

VOL -
------------ OPEN 

~: "H"or"L" 

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

"TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

CAS BEFORE ~ REFRESH CYCLE 

DOUT 

tRC 

l tRP 

tRAS r 
t-

VIL -
~ ,---.-/ I.-

tRPC 

VOH 

VOL 

tCPN 
I
tcSR tCHR 

I '\ V 
tOFF -

i\ OPEN 'I 

~: "H"orIlL" 

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

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

- A-97 -



TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

HIDDEN REFRESH CYCLE (READ) 

tRC 

vIR - tRAS 
HAS 

VIL -

tRCD tRSH 

VIH 
CAS 

VIL 
tRAD tRAL 

tAR 

VIH 
AO-A9 

VIL 

VIR -
WRITE 

VIL -

tRP 

tRAS 

tCHR 

VALID DATA 

~: "H'for"L'f 

NOTE: "TF" pin should be connected to VIL level or open, if 
"Test Hode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
RAS 

VIL 

VIH 
en-

VIL 

VIH 
AO-A9 

VIL 

__ VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

VOH 
DOUT 

VOL 

tRC 

tRAS 

tRCD tRSH 

tCHR 

cAR 

tRAD tRAL 

tASR tR.lli CASC tCAH 

OPEN 

~: "H"or-"L" 

~IOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

CAS BEFORE RASREFRESH COUNTER TEST CYCLE 

VIH----~ 

VIL-

AO-A9 vIH-

vIL-_~~~~~~~~~ ~ ____ ~~~~~~~~~ 

READ CYCLE· 

VOL -

[ 

DOUT VOH-

WRI TE VIH _-"--~r"""r"":'"""'r"'l""""""'--r-7-'--"~---r-'1+--+---J--'-------+-+--i---tt-rT..,...,...,. 

VIL - ................. -'--'-............ ~:.......l.....: ............. ~--.-

toJRITE CYCLE 

DOUT VOH - _________ -+_++ ___ OPEN --+-r----;------
VOL -

tCWL 

twcs tWCH 

twp 

VOL _ 

r 
DOUT VOH - ----- OPEN 

NOTE: "TF" pin should be connected V1L level or open, if "Test Mode" 
is not used. 
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TC511000P/J/Z-S5, TC511000P/J/Z-l0 
TC511000P/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 I-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 Hode 

An,Am 

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

Truth Table in Test mode Function 

A B C D DOUT 
0 I 0 I 0 I 0 0 
1 I 1 I 1 I 1 1 

othert.J'ise Hi-Z 

Fig. 1 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/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. 

'VIH ----------~----------~ 

VIL -

VIH(TF) 
TF 

Fig.2 Test Mode Cycle 
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TC511000P/J/Z-S5, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

• Plastic DIP 

18 17 16 15 14. 13 12 11 10 

~===-====:f] 123456789 

2.54±0.25 1.4 ± 0.15 

0.5±O.15 

Note: Each lead pitch is 2.54mm. 

<D 
c:i 

o 
II') 

Unit in mm 

7.62±0.25 

All leads are located within O.25mm of their true longitudinal position 

with respect to No.1 and No.1S leads. 

All dimensions are in millimeters. 
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TC511000P/J/Z-85, TC511000P/J/Z-l0 
TC511000P/J/Z-12 

• Plastic SOJ 

17.02 - 17.27 

1
2625 24 23 22 18 17 16 15 14.1 
ponnn nnnnn 

1 2 3 4 5 9 10 1112 13 

• Plastic ZIP 

... ,.. 
r: 
I 
o 

" r: 

I/r-----------; 

INDEX DOT 

12 H 16 18 .0 

Note: Each lead pitch is 1. 27mm. 

All dimensions are in millimeters. 

Unit in mm 

Unit in mm 

2.54TIP 

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 
1,048,576 WORDS X 1 BIT DYNAMIC RAM 
SILICON GATE CMOS TC511001 P/J/Z-S5, TC511001 P/J/Z-l0 

TC511 001 P/J/Z-12 
DESCRIPTION 

The TC5ll00lP/J/Z is the new generation dynamic R&~ organized 1,048,576 ~vords by 1 
bit. The TC5ll00lP/J/Z utilizes TOSHIBA's caos 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 TC5ll00lP/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. The special feature of TC5Il00IP/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 RevisionC. 

FEATURES 
• 1,048,576 words by 1 bit organization 
• Fast access time and cycle time 

TC5ll00lP/J/Z-8S-10-12 
tRAC RAS Access Time 8Sns lOOns l20ns 

tAA Column Address 45ns SOns 60ns 
Access Time 

tCAC CAS Access Time 30ns 35ns 40ns 
tRC Cycle Time 16Sns 190ns 220ns 

tNCAC Nibble Mocte 20ns 20ns 2Sns Access Time 

trIC Nibble Mode 40ns 40ns 50ns Cycle Time 
• Single power supply of SV±lO% with a built-in 

VBil generator 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ 
DIN 

WRITE 
RAS 

TP' 

A2 

A3 

. 
AD "'A9 

CAS 
DIN 
DOUT 
RAS 

WRITE 
VCC 
VSS 
TF 
N.C. 

~ 1 Vss 
DOUT 

26 Vss 

~ ~T 
CAS 

A9 

AS 

A7 

AI5 
A~ 

A4. 

Address Inputs 
Column Address 
Data In 
Data Out 

ftAS 
TP' 

N.C. 
23 N.C. 
22 A9 

AO AS 
Al A7 
A2 A6 
A:l A5 

VCC '---___ ~ A4. 

Strobe 

Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 
Test Function 
No Connection 

Plastic ZIP 
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• Low Power: 
38Smt.] MAX. Operating (TC5ll00lP / J /Z-85) 
330mW XAX. Operating (TC5ll00lP/J/Z-10) 
275mt.; MAX. Operating (TC5ll00lP / J /Z-12) 
5.5mW HAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip selection 

• Common I/O capability using "EARLY 
WRITE" operatior:. 

• Read-Modify-t';rite, CAS before RAS re
fresh, RA'S-only refresh, Hidden refre,<;;l, 
Nibble Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 512 refrewh cycles/8ms 
• Package Plastic DIP: TC5ll00lP 

Plastic SOJ: TC5ll00lJ 
Plastic ZIP: TC5lIOOlZ 

BLOCK DIAGRAr~ 

AO 
Al 
A2 
A:l 

A~ 

A5 

A6 
A7 

AS 

A9 



TC511001 P/J/Z-85, TC511001 P/J/Z-l0 
TC511001 P/J/Z-12 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 
Input Voltage VIN 

RATING UNITS 
-1'" 7 V 

Test Mode Input Voltage VIN(TF) -1'" 10. 5 V 
Output Temperature VOUT -1'" 7 V 
Power Supplv Voltage VCC -1", 7 V 
Operating Temperature TOPR 0", 70 °c 
Storage Temperature TSTG -55", 150 °c 
Soldering Temperature. Time TSOLDER 260 • 10 °C·sec 
Power Dissipation PD 600 mW 
Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATI NG CONDITIONS (Ta=O '" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 
VCC Supply Voltage 4.5 5.0 5.5 
VIR Input High Voltage 2.4 - 6.5 
VIL Input Low Voltage -1.0 - 0.8 
VIH(TF) Test Enable Input High Voltage VCC+4.5 - 10.5 

DC ELECTRICAL CHARACTERISTICS (Vcc=5±10%, Ta=O '" 70°C) 
SYMBOL P ARA.'1ETER 

OPERATING CURRENT ~C51100lB/J"/Z-8 5 

ICCI Average Power Supply Operating Current TC51100lB/J/Z-10 

(~, ~~. Address Cvcling: tRC=tRC MIN.) TC51100lB/J/Z-12 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 

(~=CAS'=VTH) 
RAS ONLY REFRESH CURRENT TC 51100lB/J/Z-85 

ICC3 Average Power Supply Current, ~ Only Mode TC 51100 lB/J/Z -10 

(RAS Cvcling, CAS=VTH: tRC=tRC MIN.) TC5 llOOlB/J/Z-12 

NIBBLE MODE CL~RENT TC51100lP/.T/Z-85 

ICC4 Average Power Suoolv Current, Nibble Mode TC 5l100lM/Z-10 

(RAS=VIL, CAS Cycling: tNC=tNC MIN.) TC51100lP/.T/Z-12 
STANDBY CURRENT 

ICC5 Power Supply Standby Current 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFERSH CURRENT TC51100ilY.T/Z-85 

ICC6 Average Power Supply Current, CAS Before TC51100lB/J/Z-10 
RAS Mode (RAS. CAS CvclinK: tRC=tRC MIN.) TC 5 1l00ilY.T/Z-l 2 

INPUT LEAKAGE CURRENT (any input except TF) 
II(L) Input Leakage Current, any input (OV~VIN~6.5V, 

All Other Pins Not Under Test=OV) 

IITF(L) INPUT LEAKAGE CURRENT· (only TF) 
(OV ~VIN(TF) ~0.8V, All Other Pins Not Under Test = OV) 

IO(L) 
10UTPUT LEAKAGE CURRENT 
I (DOUT is disabled, OV ~ VOUT ~ +5 .5V) 

rTF 
TEST FUNCTION INPUT CURRENT 
(VCC+4. 5V ~ VIN (TF) ~ 10. 5V) 

VOH OUTPUT LEVEL 
Outout "H" Level VoltalZe (IOUT=-5mA) 

VOL 
OUTPUT LEVEL 
Out out "L" Level Voltage (IOUT=4.2rnA) 
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NOTES 
1 
1 
1 
1 
1 
1 
1 
1 
1 

UNIT NOTES 
V 2 
V 2 
V 2 
V 2 

MIN. MAX UNITS NOTESI 
- 70 rnA , 
- 60 rnA 3, i: i 

- 50 rnA 

- 2 rnA 3 

- 70 rnA 
- 60 rnA 3 
~ 50 rnA 
- 50 rnA 
- 40 rnA 3,4 

- 30 rnA 

- 1 rnA 

- 70 rnA 
- 60 rnA 3 
- 50 rnA 

-10 10 UA 

-10 10 uA 

-10 10 uA 

- 1 rnA 

2.4 - V 

- 0.4 V 



TC511 001 PI J/Z-85, TC5111ll0 1 PI J/Z-l 0 
TC511 001 P/J/Z-12 

~LECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O "" 70°C) (Notes 5, 6, 7) 

SYMBOL 
TC51100lEVr/Z-85 TC 51100 1.B/.T/Z-1O TC51100lEVr/Z-12 

PARAMETER UNIT NOTES 
MIN. MA..,{. MIN MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
tRWC Read-Write Cycle Time 190 - 220 - 255 - ns 

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

tNmfl'; Nibble Mode Read-Write Cycle Time 65 - 65 - 80 - ns 

tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
t CAC Access Time from m - 30 - ~5 - 40 ns 8,13 

tAA Access Time from Column Address - 45 - 50 - 60 ns 8,14 

tNCAC Nibble Mode Access Time - 20 - 20 - 25 ns 8 

tCLZ CAS to Output in Low-Z -5 - 5 - 5 - ns 8 

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 I 35 ns 9 
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 

tRP ]AS Precharge Time 70 - 80 - 90 - ns .-
tRAS RAS Pulse Vlidth 85 10,000 100 10,000 120 10,000 ns 
t RSH RAS Hold Time 35 40 

i 
30 - - - ns 

.-. 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 30 10,00Q 3.5 10,000 ~40 10,000 ns 
I-- - 1-.------- .-

tRCD RAS to ~ Delay Time 25 55 25 65 25 80 ns 13 

tRAD ~ 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 
tASR Row Address Set-Up Time 0 - ... Q - 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 

tAR Column Address Hold Time 
65 15 90 referenced to R]] - - - ns 

tRAL Column Address to RAS Lead Time 45 - 50 - 60 - ns 
tRCS Read Command Set-Up Time 0 - Q - 0 - ns 

tRCH Read Command Hold Time 
referenced to ~ 0 - 0 - 0 - ns 10 

tRRH Read Command Hold Time 0 - 0 - 0 - ns 10 referenced to RAS 

tWCH Write Command Hold Time 20 - 20 - 25 - ns 

tWCR Write Command Hold Time 65 75 90 referenced to RAS - - - ns 
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Te511 001 P/J/Z-85, Te511 001 P/J/Z-l 0 
Te511 001 P / J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL PARAMETER 
TC51100lP/J"/Z-85 TC 51100llXT/Z-IO TC511001EVJ/Z-12 

UNITS 
MIN. MA",{. MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 20 - 20 - 25 - ns 

tRlVI.. Write Command to RAS Lead Time 20 - 25 - 30 - ns 

tCWL Write Command to CAS Lead Time 20 - 25 - 30 - ns 

tDS Data-In Set-Up Time 0 - 0 ~ 0 - ns 

tDH Data-In Hold Time 20 - 2Q - 25 - ns 

tDHR 
Data-In Hold Time 

65 75 90 reference to ~ - - - ns 

tREF Refresh Period - 8 - 8" - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 " - ns 

tCWD ~" to WRITE Delay Time 30 - 35 - 40 - ns 

tmm RAS to WRITE Delay Time 85 - 100 - 120 - ns 

tAWD Column Address to WRITE 45 50 60 - ns - -Delay Time 

tCSR 
CAS Set-Up Time 10 - 10 - 10 - ns 
(CAS before RAS) 

tCHR CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns 

t RPC 
RAS" Precharge to CAS 

0 0 0 Active Time - - - ns 
~ .. ., -. . 

t CPT 
CAS Precharge Time 

50 ~ 50 - 60 - ns 
(~ before RAS Counter Test) 

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 

tNCWD Nibble Mode CAS" to WRITE 20 20 - 25 - ns 
Delay Time -

tNRWL Nibble Mode WRITE Command 20 20 - 25 - ns 
to RAS Lead Time -

tNCWL Nibble Mode WRITE Command 20 20 - 25 - ns 
to CAS Lead Time -

t TES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 - ns "referenced to RXS 

tTEH 
Test Mode Enable Hold Time 0 0 0 - ns 
referenced to ~ - -

CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=O 'V 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO 'V A9, DIN) - 5 pF 
CI2 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 pF 
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NOTES: 

TC511 001 P/J/Z-85, TC511 001 P/J/Z-l 0 
TC511001 P/J/Z-12 

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

2. All voltage are referenced to Vss. 

3. ICCl, I CC3' ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the 
output open. 

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

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
Signals. Also, transition times are measured between VIH and VIL. I 

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

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

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

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

12. t wcs ' tRWD' tCWD and tAWD 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 tRWD ~tRWD(min.), 
tcwn ~ tcwn(min.) and tAWD ~ tAwn(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. 

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

14. Operation within the tRAn(max.) limit insures that tRAC(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than 
the specified tRAn(max.) limit, then access tjme is controlled by tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

_VIR 
RAS 

vIL 

_VIH 
CAS 

vIL 

VIH 
AD-A 9 

WRITE CYCLE (EARLY WRITE) 

CAS VIH 
VIL 

AO-A9 
VIL 

__ VIH 
WRITE 

tCSH 

OPEN ------CV 

tRC 

tRAS 

tAR 

tCSH 

tRSH 

tCAS 

twp 

VIL 

tWCR I I I I I t RWL 
tDS ~ tDH I 

VIH 
DIN 

VIL 

VOH 
DOUT 

_ W!!II////f!~:ALID DATA ~""""-W""""""'W-"""'-"1/jj;"""""'!lj;~!lj;~l1/;~1!j;~m~:2 

, OPEN 
VOL ~: UH" Or ilL" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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TC511001 P/J/Z-12 

READ-WRITE CYCLE 

AO-A9 VIH -

VIL -

__ VIH _-r?-7...,.-,.~..;;.:;:;:;:i::~---t==========:i 
WRITE tCAC 

VIL -..r.....I....<'-l....L..L..i...I.~L.I tAA 

tcLZ 

DOUT 
VOH - OPEN 

VOL - tRAC 

nI. ::: ~~ 
~: IIHllor'ILIl 

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

Mode" is not used. 
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NIBBLE MODE READ CYCLE 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

VIH 
AO-A9 

VIL 

DOUT 
VOH 

VOL 

WRITE 
VIH 

VIL 

NIBBLE MODE WRITE CYCLE (EARLY tffiITE) 

HAS 

CAS 

AO-A9 

WRITE 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

--------------- OPEN 

~ : "H" or "L" 

NOTE: "TF" pin should be connected to VIL level or open. 
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NIBBLE MODE READ-l.JRITE CYCLE 

1tAS 
VIH 

VIL 

CAg" 
vIH 

vIL 

VIH 
AO-A9 

vIL 

~ 
vIH 

VIL 

DIN 
VIR 

VIL 

DOUT VOH --------(.1)1 

TC511001 P/J/Z-85, TC511001 P/J/Z-l0 
TC511 001 PI J/Z-12 

~: "H" or ilL" 

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

VIH ---------~ tRAS rum \~----~~----~ 
VIL -

CAS VIH -
VIL - ______ --J 

VIH -
AO-AS 

VIL -

VOH -
DOUT 

vOL -
OPEN 

NOTE: ~VRITE="H" or "L", A9="H" or "L" 

CAS BEFORERAS REFRESH CYCLE 

VIL -

VIH -
CAS 

VIL 

---./ 

/ 

tRP 

tRPC 

tCPN , 

~ 
tOFF I 

~ 

r\. 

" 

tRC 

tRAs 

1\ 

tesR tCHR 
I 

Y 
OPEN 

NOTE: ~VRITE="H" or "L", AO '" A9="H" or "L" 

~ : "H" or "L" 

I 
J( 

"TF"· pin should be connected to V1L level or open, if "Test 

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

VIR 
RAS 

VIL 

VIH 
CAS 

VIL 

AO-A9 
VIR 

VIL 

READ CYCLE 

[ 

DOUT VOH 
VOL 

VIR 
WRITE 

VIL 

{VRITE CYCLE 

DOUT 

WRIT~ 
vIR 

vIL 

DIN 
VIH 

VIL 

READ-WRITE CYCLE 

DOUT 

OPEN I 
H-~ ___ t~C~WL=-_______ ' 

twcs tWCH 

twp 

~: "H" orlL" 

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

VIH -
AO-A9 

WRITE VIH -

V I L - J..J. .......... ~ .......... '-J 

VOH -
DOUT --------------~ 

VOL :-- I:Cr.Z I 

HIDDEN REFRESH CYCLE (mUTE) 

VIH _~'T'"""1"''''''';''''''''''",", 

WRITE 

VIH -

VALID DATA 

DI N V IL - -'-'-.l.....L..'-'-''-'-J ~-----"1 ""'--'-'-.L....L..k..J.~'-'-'--'--'-'--'-'--'-'--'-I.~'-'-'-'-'--'-.L....L-'-'-.......................... 

VOH -
DOUT ----------------------

VOL -

~ : "H" or "L" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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APPLICATION INFORMATION 

ADDRESSING 

TC511001 P/J/Z-85, TC511001 P/J/Z-l0 
TC511001P/J/Z-12 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 

the TC5ll00lP/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 (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(DIN) 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 DIN is strobed by cxg 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 T~ITE 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 CAS. (To illustrate this feature, DIN is referenced to 

~ in the timing diagrams depicting the read-write and nibble mode write cycles 

while the "early write" cycle diagram shows DIN 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 

with~n the specified access time. 
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TC511001P/J/Z-12 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) of the TC5ll00lP/J/Z is the high 

impedance (open circuit) state. This is to say, anytime ~ is at a high level, the 

DOUT 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. DOUT will remain valid 

from access time until cxg 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 tCAC). Rowand column addresses 

need only be supplied for the first access of the cycles. From then on, the falling 

edge of ~ 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) -(1, 0) - (1, l)~ 

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 Yrite cycle. Any conbinations 

of reads and writes or late writes will be allowed. In addition, the circular wrap

around 1;1ill continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by perform~ng a memory 

cycle at each of the 512 row address (AO tV A8) within each 8 millisecond time 

interval. Although any normal memory cycle will perform the refresh operation, 

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

-A-118 -



CAS BEFORE ~ REFRESH 

TC511001 P/J/Z-85, TC511001 P/J/Z-l0 
TC511001 P/J/Z-12 

CAS before RAS refreshing available on the TCSllOOlP/J/Z 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 in

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

HIDDEN REFRESH 

An optional feature of the TCSIIOOIP/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 VIL and taking 

~ high and after a specified precharge period (tRP) , executing a CAS before 

RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

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 

The internal refresh operation of TC5ll00lP/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 performed after a minimum of 8 CAS before RAS cycles as ini

tialization cycles. The test procedure is as follows. 

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

® Select one cartain 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 512 times. 

® Check "1" out of 512 bits at normal read mode, which was written at ®. 

® 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 "0" out of 512 bits at normal read mode, which was written at ®. 

® Perform the above @ to (I) the complement data. 
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TC511001 P/J/Z-S5, TC511001 P/J/Z-l0 
TC511001P/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 I-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. 

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

a 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 

TF Pin 

TF Pin 

An,Am 

Super Voltage; Test Mode 

Low Level or Hi-Z; Normal 

Truth Table in Test Mode Function 

A B C D DOUT 
0 I 0 I 0 I 0 0 
1 I 1 I 1 I 1 1 

Othet\.;ise 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. 

'VIH ------------~--------~ 

VIL -

VIH(T1") 
T1" 

Fig.2 Test Mode Cycle 
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OUTLINE DRAWINGS 

• Plastic DIP 

l8 17 16 15 l4. 13 12 11 10 

~:::-:::::~ 
1234.56789 

2.54.: 0.25 1.4.:0.15 

O.5±O.15 

Note: Each lead pitch is 2.54mm. 

co o 

Q 
oJJ 

Unit in rom 

7.6 2±0.2 5 

All leads are located within O.25mm of their true longitudinal position 

with respect to No.1 and No.18 leads. 

All dimensions are in millimeters. 
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Plastic SOJ 

17.02 17.27 

2625 24. 23 22 1817161Ol4.1 
ponon CCCCC[ 

1 2 3 4. 5 '9 10 II 12 13 

Plastic ZIP 

I:IDEX DOT 

Q.5±o.l 127T'[P. 

12 l4. 16 18 ~o 

Note: Ea"h lead pitch is 1. 2;mm. 

All dimensions are in millimeters. 

Unit in mm 

.... ... 
'" " o:l 

I I 

'" '" ... .., 
<0 o:l 

Unit in rom 

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 ldthout notice, 

to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 
1,048,576 WORDS X 1 BIT DYNAMIC RAM 
SILICON GATE CMOS TC511002P/J/Z-85, TC511002P/J/Z-l0 

TC511002P/J/Z-12 

DESCRIPTION 
The TC5ll002P/J/Z is the new generation dynamic RA}! organized 1,048,576 words by 1 

bit. The TC5ll002P/J/Z utilizes TOSHIBA's CXOS 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 TC5ll002P/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 system bit densities and is compatible with ~videly 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 
• Fast access time and cycle time 

TC5ll002P/J/Z-85-l0-l2 
tp~c RAS Access Time 85ns lOOns l20ns 

tM Column Address 45ns 50ns 60ns 
Access Time 

tCAC CS Access Time 25ns 25ns 30ns 
tRC Cycle Time l65ns 190ns 220ns 

tsc Static Column 
50ns 55ns 65ns Mode Cycle Time 

• Single power supply of 5V±10% with a built-in 
VBB generator 

PIN CONNECTION CTOP VIEW) 

Plastic DIP Plastic SOJ 

Vss DIN 
DOUT WRITE 
"C'S' RAS 

A9 TF 
N.C. 

AO A8 

A7 AO 

A6 A1 

A5 
A2 
A3 

A4. VCC 

PIN r'IM~ES 

AO "'A9 Address Inputs 
RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
CS Chip Select Input 
WRITE Read/Write Input 
VCC Power (+5V) 
VSS Ground 
TF Test Function 
N.C. No Connection 

Vss 
DOUT 
TI"S' 
N.C. 
A9 

A8 
A7 
A6 
A5 
A4. 

Plastic ZIP 

• Low Power 
385mt-l MAX. Operating (TC5ll002P / J /Z-85) 
330mt-l MAX. Operating (TC5ll002P / J /Z-lO) 
275mt-l HAX. Operating (TC5ll002P / J /Z-12) 
5 . 5mW ~1A.,{. Standby 

• Output unlatched at cycle end allows 
t';vo-dimensional chip sel(':!tion 

• Common I/O capability 
• Read-Modify-Hrite, CS before p~s refresh, 

RAS-only refresh, Hidden refresh, Static 
Column Mode and Test ~~de capability. 

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC5ll002P 

Plastic SOJ: TC5ll002J 
Plastic-ZIP: TC5ll002Z 

BLOCK 0 IAGRn.r·1 

AO 

A1 

A2 
A3 

A4-

A5 

AS 

A7 

A8 

A9 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL 

Inpu t Vol ta~e VIN 
RATING UNITS 
-1 'V 7 V 

Test Function IOnput Voltage VIN(TF) -1 'V 10.5 V 
Output Voltage VOUT -1 'V 7 V 
Power Supply Voltage VCC -1 'V 7 V 
Operating Temperature TOPR o 'V 70 GlC 
Storage Temperature TSTG -55 'V 150 °c 
Soldering Temperature • Time TSOLDER 260 • 10 °c • sec 
Power Dissipation .PD 600 mt.; 
Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O 'V 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. 
VCC Supply Voltage 4.5 5.0 5.5 
VIH Input High Vo1tag~_ 2.4 - 6.5 
VIL Input Low Voltage -1.0 - 0.8 
VIH(TF) Test Enable Inout liigh Voltage VCC+4.5 - 10.5 

DC ELECTRICAL CHARACTERISTICS (Vcc=5±10%, Ta=0'V70°C) 
SYMBOL PARANETER 

OPERATING CURRENT 'ICSllO 0 2P/J/3-S 5 

ICCI Average Power Supply Operating Current TCS1l0 0 2E"J/Z-lO 

(RAS, CS, Address Cycling: tRC=tRC MIN. ) TCSllO 0 2E"J"/Z-12 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 

(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT TCSllO 0 2E/J/3-s 5 

ICC3 Average Power Supply Current, RAS Only Mode TCSllOO2B/J/Z-lO 

(RAS Cycling, CS=VIH: tRC=tRC, MIN.) TCSllO 0 2P/J/3-12 

STATIC COLUMN MODE CURRENT TCSllOO 2P/J/Z-8S 

ICC4 Average Power Supply Current, Static Column TCSllOO2E/J/Z-lO 

Mode (RAS=CS=VIL, Address Cycling: tSC=tsc MIN.) TCSllOO2E/J/Z-12 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 

(RAS=CS=VCC-0.2V) 
CS BEFORE RAS REFRESH CURRENT 'ICSll 0 0 2P/'J>-Z-85 

ICC6 Average Power Supply Current, CS Before TCSll 0 0 2B/.:"/Z -10 

RAS }fode (RAS, CS Cycling: tRC=tRC MIN.) 'ICSllO 0 2E- J/2-12 

INPUT LEAKAGE CURRENT (any input except TF) 
II (1) Input Leakage Current, any input (OV~VIH~6.5V, 

All Other Pins Not Under Test = OV) 

rITF(L) 
INPUT LEAKAGE CURRENT (only TF) 
(OVsVIN(Trl~0.8V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled. OV~VOUT~ +5. SV) 

ITF 
TEST FUNCTION INPUT CURRENT 
(VCc+4.5V;; VIN(TF) ;; 10.5V) 

VOH 
OL"TPUT LEVEL 
Output "Hit Level Voltage (IOUT=-SrnA) 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2mA) 

--,-~ ... ---... 
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UNIT NOTES 
V 2 
V 2 
V 2 
V 2 

MIN • MAX. UNITS ;{OTES 
- 70 rnA 

- 60 rnA 3,4 
- 50 rnA 

- 2 rnA 

- 70 rnA 

- 60 rnA 3 

- 50 rnA 

- 50 rnA 
- 40 rnA 3,4 
- 30 rnA 

- 1 rnA 

- 70 rnA 

- 60 rnA 3 
- 50 rnA 

-10 10 ).lA 

-10 10 llA 

-10 10 llA 

- I rnA 

2.4 - V 

- 0.4 V 



TC511002P/J/Z-S5, Te511 002P/J/Z-l 0 
TC511002P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O '\, 70°C) (Notes 5, 6, 7) 

TC511002E/.J./Z-95 TC.'511002JYJ/Z-1O TC511002B/J/Z-12 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MA.,{. MI~. MAX. 

t RC 
Random Read or Write Cycle 

165 - 190 - 220 -Time ns 

tRWC Read-Write Cycle Time 190 - 220 - 255 - ns 
tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

tSRWC Static Column Mode Read Write 90 - 100 120 -Cycle Time - ns 

tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 

tAA Access Time from Column 45 50 60 8,14 Address - - - ns 
--. -

tALW Access Time from Last toJrite - 85 - 95 - 115 ns 8,15 
tCLZ CS to Output in Low-Z 5 - 5 - 5 - ns 8 
tOFF Output Buffer Turn-off Delav 0 30 0 30 0 35 ns 9 

tAOH 
Output Data Hold Time from 5 5 5 Column Address - - - ns 

tow Output Data Enable Time from 30 30 35 
WRITE - - - ns 

t WOH 
Output Data Hold Time from 

0 0 0 WRITE - - - ns 

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 

t RASC 
RAS Pulse Width 85 100,000 
(Static Column Mode) 

100 100,000 120 100,000 ns 

tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 
tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 
tcs CS Pulse ~.Jid th 25 10,eOO 25 10,000 30 lC,OOO\ ns 

tcsc 
CS Pulse Width 
(Static Colunn ~!ode) 

25 100,000 25 100,000 30 100,000 ns 

tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 

tRAD RAS to Column Address 
Time 

Delay 20 40 20 50 20 60 ns 14 

tCRP CS to RAS Precharge Time 10 - 10 - 10 - ns 

tcp CS Precharge Time 
(Static Column Mode) 10 - 10 - 15 - ns 

tASR Row Address Set-Up Time ° - ° - ° - ns 
tRAH Row Address Hold Time 15 - 15 - 15 - ns 
tASC Column Address Set-Up Time ° - ° - ° - ns 
tCAR Column Address Hold Time 20 - 20 - 25 - ns 

tAWR Write Address Hold Time 65 - 75 - 90 - ns referenced to RAS 

tAR Column Address Hold Time 100 - 115 - 140 - ns referenced to RAS 

tRAL Column Address to RAS ~_ead 45 - SO - 60 - ns Time 
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TC511 002P / J/Z-85,TC511 002P / J/Z-l 0 
TC511002P/J/Z-12 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (continued) 

'ro 5l1002P/J/Z-8 5 'ro 5110 02!YJ/Z-l 0 TC51lD02M/Z-12 
SYMBOL PARAMETER UNITS 

MIN~ MAX. MIN. MAX. MIN. MAX. 

tAR Column Address Hold Time 10 - 10 - 15 - ns r.eferenced to RAS Rise 
tCWL Write Command to CS Lead Time 20 - 25 - 30 - ns 

tLWAD 
Last Write to Column Address 

25 40' 25 45 30 55 Delay Time ns 

tAHLW Last Write to Column Address 
85 95 115 Hold Time - - - ns 

tRCS 
Read Command Set-Up Time a - a - a - ns referenced to CS 

t RCH 
Read Command Hold Time a - a -. a - ns 
r.ef erenced to CS 

tRRH Read Command Hold Time a a a r.eferenced to RAS - - - ns 

tWH Write Command Hold Time 
(Output Data Disable) a - a - a - ns 

tWCR Write Command Hold Time 
referenced to RAS 65 - 75 - 90 - ns 

twP Write Command Pulse Width 20 - 20 - 25 - ns 
tWl Write Command Inactive Time 10 - 10 - 15 - ns 
tRtVL Write Command to RAS Lead Time 20 - 25 - 30 - ns 
tDS Data-In Set-Up Time a - a - a - ns 
tDH Data-In Hold Time 20 - 20 - 25 - ns 

tDHR 
Data-In Hold Time 

65 referenced to RAS -' 75 - 90 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

tws 
Write Command Set-Up Time a - a - a - ns (Output Data Disable) 

tcwn 
CS to. WRITE Delay Time 

25 25 30 (READ-WRITE CYCLE) - - - ns 

tRWO RAS to WRITE Delay Time 85 - 100 - 120 - ns (READ-WRITE CYCLE) 

tAWD Column Address to WRITE 
Delay Time 45 - 50 - 60 - ns 

tCSR CS Set-Up Time 
10 - 10 - 10 - ns (CS before RAS) 

tCHR 
CS Hold Time 

30 (CS before RAS) - 30 - 30 - ns 

tRPc RAS Precharge to CS a a a Active Time - - - ns 

tCPT ~ Precharge Time 
50 - 50 - 60 (CS before RAS Counter Test) - ns 

tCPN CS Precharge Time 15 - 15 - 20 - ns 

tTES Test Mode Enable Set-Up Time 
0 referenced to RAS - a - a - ns 

tTEH Test Mode Enable Hold Time a a a referenced to RAS - - - ns 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

C'APACITANCE (VCC=5V±10% t f=lMHz t Ta=O '" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
Cl1 Input Capacitance (AO ",A9, DIN) - 5 
CI2 Input Capacitance (RAS, CS, WRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 

NOTES: 

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

2. All voltages are refere~ced to VSS. 

3. ICC1, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICC1' ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200 ~s 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 CSBefore RAS intializa
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VIR(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIR and VIL. 

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

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

10. EithertRCH or tRRH 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. tws, tWE, tRWD, tCWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as e1ecteical characteristics only. If tws ~tws(min.) 
and ttm ~ ttm(min.), the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycles; If tRHD ~tRWD(min.), 
tCWD ~ tCt-ID (min.) and tAtID ~ tAWD (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 tRCo(max.) limit insures that tRAc(max.) can be met. tRCD 
(max.) is specified as a reference point only: If tRCO is greater than the spec
ilied tRCD(max.) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAo(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled exclusively by tAA. 

15. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. tLWAD 
(max.) is specified as a reference point only: If tLWAD is greater than the spec
ified tLWAD(max.) limit, then access time is controlled exclusively by tAA. 

16. tAH is the condition to latch column address when RAS has rised up. 
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TC511002P/J/Z-S5, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

READ-WRITE CYCLE 

VIL -

VIH -
AO-A9 COLUMN ADDRESS 

VIH -
WRITE 

VOH -

tRCS I 

tC'ND 

DOUT --~----~ 'lALID DATA 

VOL -

~ "H"or"L" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test ~!ode" 
is not used. 
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THlING HAVEFORHS 

READ CYCLE 

AO-A9 

DOUT 

VIH -

VIL -

ROW ADDRESS 

~ ____ t_RA __ D ______ ~tRCD 

COLUMN ADDRESS 

tcs 

VIH -~~~~~~~~~~~~------~------------------------~-=~~~~ 

V I L - ........ -'-'-....... ~'-'--"-"-' ................ "-"-'-.......J 
tAA 

VOH - -------
VOL - tCLZ 

~.JRITE CYCLE (EARLY ~ITE) 

VIH _----i.. tRAS 
\~------------------------------------~/ 

vIL --

AO-A9 vIH
vIL-

VIH

VIL--

tAWR 

V IH - """"~"""'''7'"1'7-r-r-r"T-r"T-r"T-r''-'-rr''' 

COLUMN 
ADDRESS 

A~--~+-----------~--~/ 
VIL-~~~~~~~~""""'~~~~~~--------------~~~~~~~~~~~~ 

VIH--~~~~~~~~~~~~~~---~rr"-'-rrrr"-'-"-'-rr"-'-"-'-~~~~~ 
DIN VALID DATA I 

VOH-
DOUT -----------------------------

VOL-
OPSN 

~ :"H"or"L" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test Mode" 
is not used. 
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TC511002P/J/Z-12 

STATIC COLUMN MODE READ CYCLE 

tRASe ~F L 
~------------------------t-sc----------t-R-A-L~:~ I 

AO-A9 
VIL -

VIH -

VIL -

WRITE VIH
V I L - '-L..t-6...4.L-4.L-.t-6...~r.....4.J 

DOUT 
VOL -
VOH - ---------------<v 

STATIC COLUMN MODI:; .d.ITE CYCLE (EARLY tVRITE) 

AO-A9 

VIH - ----4====::::t=~ 
VIL -

iVRITE VIH
'TIL -

DOUT 
VOH - __________ _ 

VOL -
OPEN 

tcs 

COLuMN 
ADDRESS 

~.,..r.~"-'-"Y"' 

~: "H"orll:w" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test 
Mode" is not used. 
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STATIC COLU1lli MODE READ-WRITE CYCLE 

AO-A9 

es vIH 
vIL 

tRAse ..1 if 
--------------------~~~------------------~ t~ 

eOL;JMN 
ADDH~SS 

W////I//1//1I!11 

STATIC COLUMN MODE READ/~offiITE MIXED CYCLE 

AO-A9 

WRITE VIR 
VIL 

'IIH 
DDI 'TIL 

D VOH 
OUT VOL 

COLU'.AN 
ADDF.:::SS 

~ASC;I ~ _t_CA_H __ ~~ ____ ~ 
r- tL7fAD 

tAHL7f 

C8Lu~'AN 
A;)DF.:::SS 

~: h or:" 

NOTE: "TF" pin should be connected to VIL level or open, if "Test Mode" 
is not used. 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
. TC511002P/J/Z-12 

RAS ONLY REFRESH CYCLE 

VOH-
DOUT ----------

vOL -
OPEN 

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

CS BEFORE ]AS REFRESH CYCLE 

tCSR tCHR 

E I 

tOFF 

DOUT vOH ~>-_______ _ 

vOL - ----'If 
OPEN 

NOTE: ~VRITE="H" or "L", AO '" A9="H" or "1." 

~: IIHllorllL'/ 

"TF" pin should be connected to VIL level or open~ if "Test 
Hode" is not used. 
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HIDDEN REFRESH CYCLE (READ) 

_ VIR
RAS 

VIL -

AO-A9 
VIL -

7mrrs VIH
T/IL - ........................... ~ 

TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

tCRP 

'IOH - _____ ~I _~' ,...-----------.>--_____ _ 
Dour . _ VALID DATA 

VOL - tcLZ I I 

HIDDEN REFRESH CYCLE (t.ffiITE) 

~ IIHllorllL" 

~TOTE: "TF" pin should be connected to VIL level or open, if "Test 
:lode" is not used. 
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TC511002P/J/Z-S5, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

CS BEFORE FUUf REFRESH COUNTER TEST CYCLE 

READ CYCLE 

tVRITE CYCLE 

VIH

I:RAS 

AO-A9 vIL - ~"-l..J....:....L..i-.J-.J.~~~;...o.....o. ......... ~,-, "" __ ~ ".L..4.kL.~~-'-'-'-L..{.~"-'-I.~-'-'-"""'" 

VOH-
DOUT -----------+--+-1----- OP:::N vOL - I---+-+--- tcWL 

WRITE VIH

VIL-~~~~~~~~~~~-~------~~~I~~~-'-'-~ 
tDS tDH 

DIN ~~: = W///I/////I//J////////Ij)iVALID ·DAT~J////////II1JZ1 
I 

READ-HRITE CYCLE tJ C 

vIL - L...t....'-'-'.L..4L...t....~.L..4~~J.....l-~'-/ r==---------r ""'-'.L..4~~~ ....... ~ .... iAO
_

A9 
vIH-

vOH-I D ------------~~--~ 
OUT VOL- ~ 

NOTE: "TF" pin should be connected 
Mode" is not used. 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/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 l·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 

TF Pin 

TF Pin 

An, Am 

Super voltage; Test Mode 

Low level or Hi-Z; Normal 

Truth Table in Test Mode Function 

A B C D DOU! 
0 I 0 I 0 I 0 a 
1 I 1 I 1 1 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
T

o

C511002P/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.SV, max. voltage=lO.SV) 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. 

VIH(TF) 
TP 

1\'---__ ----';1 

Fig.2 Test Mode Cycle 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

OUTLINE DRAtHNGS 

Plastic DIP 

18 17 16 1S 14 1:3 12 11 10 

~:::-:::::~ 
1234.56789 

2.S4±0.2S 1.4 ± 0.15 

O.S±0.1S 

CD 
c:i 

Unit in mm 

7.62±O.25 

Note: Each lead pitch is 2.54mm. All leads are located within O.25mm of 

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

All dimensions are in millimeters. 
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Te511 002P / J/Z-85, TC511 002P / J/Z-1 0 
TC511002P/J/Z-12 

Plastic SOJ 

17.02 

26 2~ 24. 2:1 22 
ponnn 

Plastic ZIP 

INDEX DOT 

17.27 

1817161514.1 
nnnnn 

\ Q.S±Q.1 1.27 TYP. 

I 

o 
U'l 

" 

~ 
2 6 8 12 14. 16 18 ?O 

Note: Each lead pitch is 1. 27mm. 

All dimensions are in millimeters. 

Unit in rnm 

.. 
'" '" I 
III 

'" '" 

Unit in rnm 

~4,TYP 

Toshiba d'oes 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 WORDS X 4 BIT DYNAMIC RAM 
SI LICON GATE CMOS 

DESCRIPTION 

TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

The TCs142s6P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TCs142s6P/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 TCs142s6P/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 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. 

FEATURES 

• 262,144 words by 4 bit organization 
• Fast access time and cycle time 

TC5l42s6P/J/Z-Bs-lO-12 

tRAC R:AS Access Time B5ns lOOns l20ns 

tAA Column Address 45n9 SOns 60ns Access Time 

tCAC CAS Access Time 30ns 30ns 35ns 

tRC Cycle Time l65ns 190ns 220ns 

tpc Fast Page Mode SOns ssns 70ns 
Cycle Time 

• Single power supply of sV±lO% with a built
in VBB generator 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

VOL 1 (/0 1 1 

1/02 
1/02 2 

WRITE 3 
WRIH HAS , 

iUJJ N.C. 0 
N.C. Oi 

AO A8 AO 

Al A7 Al 

A2 AIS A2 
A3 

A3 Mi 

VCC A' vcc 

PIN NAr·1ES 
AO"'A8 Address Inputs 

m Row Address Strobe 
~ Column Address Strobe 
WRITE Read/Write Input 
DE Output Enable 

1/01'" 1/04 Data Input/Output 
Vce Power (+5V) 
VSS Ground 
N.C. No Connection 

AO 
Al 
A2 
A3 

A' 
AO 
AIS 

A7 
A8 

• Low Power 
4l3mW MAX. Operating(TCs14256P/J/Z-Bs) 
3sBmW MAX. Operating(TCs142s6P/J/Z-lO) 
303mW MAX. Operating(TCs142s6P/J/Z-12) 
s.smW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Modify-Write, CAS before RAS 
refresh, RAS-only refresh, Hidden 
refresh, and Fast P~ge Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/Bms 
• Package Plastic DIP: TCs142s6P 

Plastic SOJ: TCs14256J 
Plastic ZIP: TCs14256Z 

BLOCK DIAGRAr-1 

VOl V02 V03 I/O' 

':T;aG'fRATS 3.A;:; 
~ENERATOR 

- A-141 -



TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS 
Input Voltage VIN -1 '" 7 V 
Output Voltage VOUT -1 '" 7 / V 
Power Supply Voltage VCC -1 '" 7 tv 
Operating Temperature TOPR o '" 70 °c 
Storage Temperature TSTG -55 '" 150 GC 

Soldering Temperature • Time TSOLDER 260 • 10 GC • sec 
Power Dissipation PD 600 mW 
Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O '" 70 Gc) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O '" 70°C) 

SYMBOL PARAMETER MIN. 
OPERATING CURRENT TC514256B/J/Z-85 -

ICCI Average Power Supply Operating Current T C514.2 56IY.T/Z -1 0 -
(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC514.2561XT/Z-12 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT T C514256B/J/Z-B 5 -
ICC3 Average Power Supply Current, RAS Only Mode T C514.2561XT/Z-:-IO -

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC514256P/.T/Z-12 -
FAST PAGE MODE CURRENT TC5142561XT/Z-B5 -

ICC4 Average Power Supply Current, Fast Page Mode TC5H256IVJ/Z-10 -
(RAS=VIL,CAS,Address Cycling: tpC=PC MIN.) TC5142561XT/Z-12 -
STANDBY CURRENT 

ICC5 Power' Supply Standby Current -
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC514256B/J/Z-B5 -
ICC6 Average Power Supply Current, CAS Before TC5142561XT/Z-IO -

RAS Mode (RAS, ~ Cycling: tRC=RC MIN.) TC514256B/J/Z-12 -
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input (OV~VIN~6.5V, All -10 
Other Pins Not Under Test=OV) 

1O(L) OUTPUT LEAKAGE CURRENT 
-10 (DOUT is disabled, OV ~ VOUT ~ VCC) 

VOH 
OUTPUT LEVEL 2.4 Output "H" Level VOLTAGE (1OUT=-5mA) 

VOL 
OUTPUT LEVEL 
Output "L" Level VOLTAGE (IOUT=4.2mA) -
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MAX. UNITS NOTES 
""~- ........ 

75 
65 rnA 3,4 
55 

2 rnA 

75 
65 rnA 3 
55 
55 
45 rnA 3,4 
35 

1 rnA 

75 
65 rnA 3 
55 

10 IJA 

10 IJA 

- V 

0.4 V 



TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O ~70°C)(Notes 5,6,7) 

TC514256P/J/Z TC514256P/J"/Z TC514256P/J/Z 

SYMBOL PARAMETER -85 -10 -12- UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
tRMW Read-Mod1fy-Write Cycle Time 225 - 255 - 295 - ns 
tpc Fast Page Mode Cycle Time 50 - 55 - 70 - ns 

tpRMW Fast Page Mode Read-Modify-Write 
110 115 140 Cycle Time - - - 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 cxg Precharge - 45 - 50 65 ns 8,14 

tCLZ CAS to output in Low-Z 5 - 5 - 5 - ns 5 

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 RA] 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 

tRSH RAS Hold Time 30 - 30 - 35 - ns 

tRSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 30 10,000 30 10,000 35 10,000 ns 

tRCD RAS to CAS 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 . CAS Precharge Time 
tcp (Fast Page Mode) 10 - 10 - 15 - 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 - a - a - ns 
tCAH Column Address Hold Time 20 - 20 25 - ns 

tAR 
Column Address Hold Time 65 75 90 referenced to R]] - - - ns 

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

tRCS Read Command Set-Up Time 0 - a - 0 - ns 10 
tRCH Read Command Hold Time 0 - a - a - ns 10 
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TC514255P/J"/Z 

SYMBOL PARAMETER -85 

MIN. MAX. 

tRRH Read Command Hold Time 
0 referenced to RAS -

tWCH Write Command Hold Time 20 -
tWCR Write Command Hold Time 

referenced to ~ 65 -
twp Write Command Pulse Width 20 -
tRWL Write Command to RAS Lead Time 20 -
tCWL Write Command to CAS Lead Time 20 -
tDS Data Set-Up Time 0 -
tDH Data Hold Time 20 -
tDHR 

Data Hold Time Referenced 
65 to RAS -

tREF Refresh Period - 8 

twcs Write Command Set-Up Time 0 -
tCWD CAS to WRITE Delay Time 65 -
tRWD RAS to WRITE Delay Time 120 -
tAWD Column Address to WRITE 

80 Delay Time -

tCSR 
CAS Set-Up Time (CAS before 

10 -RAg Cycle) 

tCHR 
CAS Hold Time (CAS before RAS 
cycle) 30 -

tRPC RAS to CAS Precharge Time 0 -
tCPT CAS Precharge Time (CAS before 

50 RAS Counter Test Cycle) -
tROH RAS Hold Time Referenced to OE 20 -
tOEA OE Access Time - 25 

tOED OE to Data Delay 25 -
tOEZ Output buffer turn off Delay 

0 25 Time from OE 

tOEH OE Command Hold Time 25 -
CAPACITANCE (VCC = 5V±10%, f=lMHz, Ta=O IV 70°C) 

SYMBOL PARAMETER 

CII Input Capacitance (AO - A8) 

CI2 Input Capacitance (RAS,CAS,~,aE) 

Co Output Capacitance (1/01 - 1/04) 
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TC514255P/J/Z TC514255P/J/Z 
-10 -12 UNIT NOTES 

MIN. MAX. MIN. MAX. 

0 - 0 - ns 10 

20 - 25 - ns 

75 - 90 - . ns 

20 - . 25 - ns 

25 - 30 - ns 

25 - 30 - ns 

0 - 0 - ns 11 

20 - 25 - ns 11 

75 - 90 - ns 

- 8 - 8 ms 

0 - 0 - ns 12 

65 - 75 - ns 12 

135 - 160 - ns 12 

85 - 100 - ns 12 

10 - 10 - ns 

30 - 30 - ns 

0 - 0 - ns 

50 - 60 - ns 

20 - 20 - ns 

- 25 - 30 ns 

25 - 30 - ns 

0 25 0 30 ns 

25 - 30 - ns 

MIN. MAX. UNIT 

- 5 pF 

- 7 pF 

- 7 pF 



NOTES: 

TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

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

2. All voltage are reference to VSS. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified value are obtained with the output 
open. 

5. An initial pause of 20~s 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 ~ initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tT=5ns. 

7. VIR(min.) and VIL(max.) are reference levels for measuring timing of input signals. 
Also. transition times are measured between VIR and VIL. 

8. Measurement with a load equ1valent to 2 TTL loads and lOOpF. 

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

10. Either tRCH or tRRH 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. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs~tWr.~(min.) 
the cycle is an early write cycle and data out pin will remain open cirCUit (high 
impedance) through the entire cycle; If tRWD~tRWD(min.), tCWD~tCWD(min.) and 
tAWD~tAWD(min.), the cycle is a read-modify-write cycle and 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. 

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

14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. 
tRAO(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA. 

I 
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TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

READ CYCLE 

AO-AS 

t S 
tAR VIH----~ 

I\I-------..:~---I 

VIL -

VIH-~"""T""7:L~~""'" 

VIL - ...I...l..LJ.J.:r~~~ 

tCSH 

tRC 

tRSH tCRP 

tCAS 

VIH-~~~~~~~~~-------~====~=+~~~~~~~~~ 
VIL-"""""~~~":-"-'-""'" 

VOH -
r/01--r/04 v ---

OL 

t~ITE CYCLE (EARLY WRITE) 

OPEN 

VIH-----"""'

tCLZ 

I\J---~~-__I 

vIL -

vrH _ 

vIL -_--..I 

VIH _ """""'-rT'"'1'~ ~=;!J-~~~t=L~J;;:~:;t ,.,-rrrrrTi-r~-;-'-'rrr~.,...,..,..,...,...~"r"7""'r~ ,---

AD-AS vIL - ............ .t.J 1'=--"'("" .... ..., 1"------"1'" W"O-................. ~~'-'-J...4.I..l....i.-J-I,~ .......... "-'-' ........ '-' '-__ 

VIH _~..,...,....r_rT~..,....,...._:i_rr"'"" 
J\t---t--'"'""'-+-----H 

vIL-~~~~~~~~+__+--~~~~~~~~~~~~~~~~ 
tWCR 

tRWL 

:~: -I///!////I/I ///11/11/11 1111/1 Jl/J////// ///J/// /II /1/1 II /1/11////1 J/// //I lilt 
I ItOHR~ tos t tOH 

I/01-I/04 :~: =-------~ALID ohHN ~------ OPEN 
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TC514256P / J/Z-S5, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

WRITE CYCLE (aE CONTROLLED WRITE) 

AO-AS 

VIH __ ------:Li tAR 
I~------~~----~ 

vIL --
tCSH 

VIH -

VIL ---..I 

VIH _ ~,...,..,.~ Jr--:"':'-'-i._ J;jt:::::::t:=:::J. ,...,..,..,..,..,...,. __ .,I-,-,....,...,...;...,.~,..,..,...,-,..,...,...,.-,-,....,...,...,....,.~ ,...-.-

V I L --~~ ....... , ..,..:==~r'"'.., l=:.......:==;;.;;....~ ,",'-'-'J.J...L..I-'-'-f-'-'~~'-'-'J.J..I.....I....'-'-''...L.L~I.....I....r..u ---

VIR -
VIL--~~J.J..~~-'-'~I.....I....~J.J..~'-'-'~~ __ - __ ~~~~~'-'-'J.J..~'-'-''...L.L~~'-'-'~~~ 

VIH __ TT~~~rr~~~~~-----~-~~77rr~~~rM~~rM~77TTrr~~~ 

V I L -- '-'-''''''-'-........... '-'-' ......... '''-'-''-'-''''''-'-1..1 

1/01-1/04. VIH -----""" 

VIL -- >------<""""'/ ......... ~~ 1"-----""'f" '\oj~""""'''-'-'-'-''''''-'-''''''''''"'~''''''''''''''''''''''''-''''''''''''''''''''''''''''''''''''''' 

READ-MODIFy-t.ffiITE CYCLE 

AO-AS 

VIH __ -----.i. t 
I\~------~------~ 

vIL -

VIH -

vIL -

VIH -

VIL~ 

1/01-1/04. VI/OH -
VI/OL _ -----------+---<V 

tCSH 

tcWD 

-A-147 -

~ :"H"or"L" 

tRMW 

tRWL 



TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

FAST PAGE MODE READ CYCLE 

AO-AS 

'WR"IT'E 

OE 

VIH

VIL-

VIH.

VIL-

VIL -

VIH-
VIL-

VIH -
VIL -

tCLZ 

1/01-1/04- VOH ----------W 
VOL -

FAST PAGE HODE tVRITE CYCLE 

AO-AS 

WRITE 

OE 

1/01-1/04-

VIH _--~I 
vIL _ 1 \ ""---...::..::"------t 

VIH -

VIL -

VIH -

VIL -

VIH-

VIL -

VIH -

VIL -

VIH -

VIL -

tpc 
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TC514256P / J/Z-85, TC514256P / J/Z-l 0 \ 
TC514256P/J/Z-12 

FAST PAGE MODE READ-MODIFY-\.JRITE CYCLE 

- tRASP 

~ ~ f'-
tCSH 

tpRMW tRSH 

CAS 
vIH 

vIL 

tRCD tCAS ~ I tCRP 
tCAS 

/---..~ 
tCAS 

\\ 
~ 

/ ItRAD Ij r\ 
tRAf{ 

tRAL 

VIH 
AD-AS 

VIL 

tASR ~ ~CAl tASC ~ tAm tCAF 
.. ~ 

~ 
!- - I-r--

OW 
~~ WIIIIIIII/!) ~mY///III/1 fA rc~ WIIIIIIIIIIIIIIIIIIII/ ADD ADD ,... 1"--

tRWD tcWD tRWL I 

WRITE VIH 

VIL 

tCWL I tRCS tCWD tCWL tcWL tcWD -~ 
." ... , .. '~ .. -

Ijlll; '// tAWD r\ ~ tAWD \ ~ tAWD ~h{wp - - tAA 
~ twp 

E.-

tOEA II t )f~ II tOE I 

OE VIH 

VIL \[ N--lJ ~ !) V torn 
~~ 

tCPA ~ tCPA 
1- tOED ...... 

~ 
tCAC I ,CAC 

OEZ ~ ~ tOEZ 
t)EZ ItAA t-tRAC tDS tDS 

1/01 VI/OH
\ 

1/04 VI/OL-

.:~ I:~'" tDH tD 

\~~~xE fA ~~ 
1--;......., 

~~ Xx 
~ 

~ 
~ IN IN 
~ ~ 

tCLZ OUT tCLZ OUT tCLZ 
OUT 

l?m :"H"or"L" 

-A-149-



TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

~ ONLY REFRESH CYCLE 

VIH-----~r-~~------------------------~--~--~----------

VIL,-__ ..J 

AO-A8 

Note: t-lRITE, OE :~H"or"LII 

~ BEFORE RAS REFRESH CYCLE 

VIH

VIL-

VIH

vIL 

VOH
I/01-I/04 

VOL-

.-l 
tRP 

tRPc 

l 
tCPN 

/ \ 

~I' 

'-

~ 

tRAS 

tCHR 

Note: WRITE, OE, AD 'VA8 :"H"or"L" 
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~ :"H"or"L" 

tRC 

tRP 

I} 

J. tRPc 
I ~ 

I tCPN , [-

OPEN 



TC514256PI J/Z-85, TC514256PI J/Z-l 0 
TC514256P/J/Z-12 .. 

HIDDEN REFRESH CYCLE (READ) 

t 

V1H---~ 

VIL-

tCRP 

AO-AB 

V1H _~~~~~~L-~------1~~~~~~~~~~rn~~~~~Tn~ 

VIL-""'-'.J..I..~..J.../...<~ 

VIH _ ..,...,..,...,....,.~~r""I'""'l".,..,...,...,....,..,... 

V1L -~.J..I..~~~~~~~~---____ - ____ ~+U~~.J..I..~.J..I..""'-'~~~~ 

VOH -
I/01-1/04. ---------{I! VALID DATA-OUT 

VOL -

~ :"H"or"L" 
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TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

HIDDEN REFRESH CYCLE (WRITE) 

VIH- ----"L 

VIL- I \I------!!!.:t AR~ 

-A-152 -

t 

tCHR tCRP 



TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

E\S 
VIH -

vIL --

'C"rr 
VIH--

VIL-

AO-AS 

READ CYCLE 

VIH-

r/01-r/04 
VOH-

----- OPEN 
vOL-

WRITE CYCLE 

WRITE 
VIH-

VrL-

VIH-
OE 

VIL-

VIH--
r/01-r/04 

VIL-
OPEN 

READ-MODIFY-WRITE CYCLE 

vrH--~~~~~~~~~~~~~~~ 

vrL--~~~"~~~~~~"~~~~~~-J 

r/01-r/04 
Vr/oL-

tcWL 

~ :"H"or"L" 
VALrD DATA-OUT 
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VALID DATA-OUT 



TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

OUTLINE DRAWINGS 

• Plastic DIP 

24!7MAX 

~~-4'----------------------~ 
::a 
q 
\I) 

Note: Each lead pitch is 2.54mm. 

, 
" " L' 

Unit in mID 

7.62±O.25 

O.25~g·.65 
-u.._-- O-lS> 

All leads are located within O.25mm of their true longitudinal 

position with respect to No.1 and No.20 leads. 

··.All dimensions are in millimeters. 
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• Plastic SOJ 

17.02 - 17.27 

INDEX DOT 

0.66-0.76 

Note: Each lead pitch l.27mm. 

TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

All dimensions are in millimeters. 
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TC514256P/J/Z-85, TC514256P/J/Z-l0 
TC514256P/J/Z-12 

• Plastic ZIP 

1;~ ________ 2_~_3~_' ____________ ~PI 

rNDEX DOT 

I 

I 

I ! 

I, I I 0.5±o.l 127 TYP. 
, 

1 3 5 7 9 11 13 15 17 19 

~ 
2 468 12 14 16 18 ?O 

Note: Each lead pitch is l.27mm. 

All dimensions are in millimeters. 

Unit in mm 

0.25+0.07 

'II 
-0.05 

1.'Z7TYP 

I 2.54oTYP 

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 WORDS X 4 BIT DYNAMIC RAM 
SILICON GATE CMOS TC514258P/J/Z-85, TC514258P/J/Z-l0 

TC514258P/J/Z-12 
DESCRIPTION 

The TCS142SBP/J/Z is the new generation dynamic RAM organized 262,144 words by 4 bit. 
The TCS142SBP/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 TCS142SBP/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 SV±lO% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 
• 262,144 words by 4 bit organization 
• Fast access time and cycle time 

TCS142SBP/J/Z-BS-lO-12 

tRAC RAS Access Time B5ns lOOns l20ns 

tAP. Column Address 45ns SOns 60ns 
Access Time 

tCAC CS Access Time 30ns 30ns 35ns 
tRC Cycle Time l65ns 190ns 220ns 

tsc Static Column SOns S5ns 65ns Hode Cycle Time 

• Single power supply of 5V±lO% with a built-in 
VBB generator 

PIN CONNECTION (TOP VIEW) 

• Plastic DIP • Plastic SOJ Plastic ZIP 

I/02 2 
WRITE 3 

RAS 4. 
N.C. 5 

AO 6 AS AO 

Al 7 A7 Al 

OE 
-., 
..lJ r-

~] ~? 
1m 

1/03 
1/04. 

Vss --: L4 
:~ [.6 1/01 

1/02 7- ,.. 
iiUTi :~ U! 

RAe -~ 
A2 S A6 
A3 9 A5 

VCC 10 A4. 

PIN NAt·1ES 

AO -f r-
~~ g.,f Al 

A2 :l: 1':-
.- t!4 A3 

Vec 5; ,.: 
:~ :!.6 A4 

A5 7, ,--
A6 ~, :!.8 

A7 9! ,... 
-'" ~9 AS 

AO "'AB Address Inputs 
RAS Row Address Strobe 
cs Chip Select 
WRITE Read/Write Input 
OE Output Enable 

1/01", 1/04 Data Input/Output 
VCC Power (+5V) 
VSS Ground 
N.C. No Connection 

AO 
Al 
A2 
A3 
A4. 
AS 
A6 

• Low Power 
4l3mW MAX. Operating (TC5l42SBP/J/Z-85) 
3SBmW MAX. Operating (TC5l42SBP/J/Z-10) 
303mW MAX. Operating (TC5l425BP/J/Z-12) 
S.SmW MAX. Standby 

• Outputs unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL complatible 
• 512 refresh cycles/Bms 
• Package Plastic DIP: TCS142SSP 

Plastic SOJ: TC5l42SBJ 
Plastic ZIP: TCS142S8Z 

BLOCK DIAGRAr~ 

I/O 1 I/02 I/03 I/04 
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TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P / J/Z-12 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL 

Input Voltage VIN 
Output Voltage VOUT 
Power Supply Voltage VCC 
Operating Temperature TOPR 
Storage Temperature TSTG 

RATING UNITS 
-1 IV 7 V 
-1 IV 7 V 
-1 tV 7 V 
o tV 70 °c 

-55 tV 150 °c 
Soldering Temperature -Time TSOLDER 260 - 10 °c - sec 
Power Dissipation PD 600 mW 
Short Circuit Output Current lOUT 50 rnA 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O tV 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=OtV70°C) 
SYMBOL PARAMETER MIN. 

OPERATING CURRENT TC514258P/J/Z-85 -
ICCI Average Power Supply Operating Current TC514258P/J/Z-IO -

(RAS, CS, Address Cycling: tRC=tRC MIN.) TC514258P/J/Z-12 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS=CS=VIH) 

RAS ONLY REFRESH CURRENT TC514258P/J/Z-85 -
ICC3 Average Power Supply Current, RAS Only Mode TC514258P/J/Z-1O -

(RAS Cycling, CS=VIH: tRC=tRC MIN.) TC514258P/J/Z-12 -
STATIC COLUMN MODE CURRENT TC514258P/J'/Z-85 -

ICC4 
Average Power Supply Current, Static Column 
Mode TC514258P/J'/Z-lO -
(RAS=CS=VIL, Address Cycling: tSC=tsc MIN.) TC514258P/J/Z-12 -
STANDBY CURRENT 

ICC5 Power Supply Standby Current -
(RAS=CS=VCC-0.2V) 
CS BEFORE RAS REFRESH CURRENT TC514258P/J/Z-85 -

ICC6 Average Power Supply Current, CS Before TC514258P/J/Z-IO -
RAS Mode (RAS, CS Cycling: tRC=tRC MIN.) TC514258P/J/Z-12 -
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input (OV~VIN~6.5V, All Other -10 
Pins Not Under Test = OV 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 (DOUT is disable, OV ~ VOUT ~ 5. 5V 

VOH 
OUTPUT LEVEL 

2.4 "H" Level Voltage (IOUT=-5rnA) Output 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2rnA) -
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NOTES 
1 
1 
1 
1 
1 
1 
1 
1 

NOTES 
2 
2 
2 

UNIT UNITS NOTES 
75 
65 rnA 3,4 
55 

2 rnA 

--
75 
65 rnA 3 
55 
75 

65 rnA 3,4 
55 

1 mA 

75 
65 mA 3 
55 

10 ]JA 

10 ]JA 

- V 

0.4 V 



TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P / J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10% ,Ta=O IV 70°C) (Notes 5, 6, 7) 

SYMBOL PARAMETER 
1rc514258P/J/Z-85 TC514258P/J/Z-ID !TC514258P/J/Z-12 

UNIT NOTES MIN. MAX. MIN. MAX. MIN. MAX. ,_. 
tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
tRMW Read-Modify-Write Cycle Time 225 - 255 - 295 - ns 
tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

tSRMW Static Column Mode Read-Modify-
Write 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 
tCLZ CS to Output in Low-Z 5 - 5 - 5 - ns 8 
tOFF Output Buffer Turn-off Delay a 30 ° 30 ° 35 ns 9 

tAOH 
Output Data Hold Time from 

5 - 5 - 5 - ns Column Address 

tow 
Output Data Enable Time from - 30 - 30 - 35 ns WRITE 

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 RAS Pulse Width (Static Column 85 100,000 100 100,000 120 100,000 Mode) ns 

tRSH CS to RAS Hold Time 30 - 30 - 35 - ns 
tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 
tcs CS" Pulse Width 30 10,000 30 10,000 35 10,000 ns 

tcsc CS" Puls.e Width (Static Column 30 100,000 30 100,000 35 100,000 Mode) ns 

tRCD RA5" to C"S Delay Time 25 55 25 70 25 85 ns 13 
tRAD ~ to Column Address Delay Time 20 40 20 50 20 60 ns 14 
tCRP ~ to RAS Precharge Time 10 - 10 - 10 - ns 
tCPN CS Precharge Time 15 - 15 - 20 - ns 

tcp 
CS Precharge Time 10 - 10 - 15 - ns 
(Static Column Mode) 

tASR Row Address Set-up Time a - a - a - ns 
tRAH Row Address Hold Time 15 - 15 - 15 - ns 
tAsc Column Address Set-up Time ° - a - ° - ns 
tCAH Column Address Hold TIme 20 - 20 - 25 - ns 

tAWR 
Write Address Hold Time Refer- 65 75 90 enced to RAS - - - ns 

tAR 
Column Address Hold Time 100 115 140 Referenced to RAS - - - ns 

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

tAR 
Column Address Hold Time 110 10 . 15 16 
Referenced RAS Rise - - - ns to 

tLWAD 
Last Write to Column Address 25 40 25 45 30 55 17 
Delay Time 

ns 
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TC514258P / J/Z-85, TC514258P / J/Z-1 0 
TC514258P / J/Z~ 12 

SYMBOL PARAMETER 
ttc514.258pLJLz-8f 

MIN. MAX. 

tAHLW Last Write to Column Address 85 Hold Time -
tRCS 

Read Command Set-up Time a -Referenced to CS 

tRCH 
Read Command Hold Time a Referenced to CS -

tRRH 
Read Command Hold Time a Referenced to RAS -

tWH 
W~ite Command Hold Time a -(Output Data Disable) 

tWCR Write Command Hold Time 65 Referenced to RAS -
twp WRITE Pulse Width 20 ".. 

tWI WRITE Inactive Time 10 -
tRWL WRITE Command to RAS Lead Time 20 -
tCWL WRITE Command to CS Lead Time 20 -
tDS Data-In Set-Up Time a -
tDH Data-In Hold Time 20 -
tDHR 

Data-In Hold Time Referenced 65 to RAS -
tREF Refresh Period - 8 

tws 
WRITE Command Set-Up Time a -(Output Data Disable) 

tcwo 
CS to WRITE Delay Time 

65 -(READ-HODIFY-WRITE CYCLE) 

tRWD 
RAS to WRITE Delay Time 120\ -(READ-MODIFY-WRITE CYCLE) 

tAWD 
Column Address to WRITE Delay 80 Time -

tCSR CS Set-Up Time (CS before RAS) 10 -
tCHR CS Hold Time (CS before RAS) 30 -
tRPC RAS to CS Precharge Time a -
t CPT 

CS Precharge Time (CS before 
50 -RAS counter Test Cycle) 

tIlOH RAS Hold Time Referenced to OE 20 -
-tOEA BE Access Time - 30 
tOED OK to Data Delay 25 -
tOEZ Output Buffer turn off Delay a 25 Time from OE 
tOEH OE Command Hold Time 25 -
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TC514.258P/~-]J: TC514258P/J/Z-l~ UNIT NOTES MIN. MAX. MIN. MAX. 

95 - 115 - ns 

a - a - ns 

a - a - ns 10 

a - a - ns 10 

a - a - ns 12 

75 - 90 - ns 

20 - 25 - ns 
10 - 15 - ns 
25 - 30 - ns 
25 - 30 - ns 
a - a - ns 11 

20 - 25 - ns 11 

75 - 90 - ns 

- 8 - 8 ms 

-0 - a - ns 12 

65 - 75 - ns' 12 

135 - 160 - ns 12 

85 - 100 - ns 12 

10 - 10 ':"' ns 
30 - 30 - ns 

0 - a - ns 

50 - 60 - ns 

20 - 20 - ns 

- 35 - 45 ns 
25 - 30 - ns 

a 25 a 30 ns 9 

25 - 30 - ns 



TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P/J/Z-]2 

CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=O IV 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
CII Input Capacitance (AO IV Aa) - 5 
CI2 Input Capacitance (RAS, CS, WRITE, OE) - 7 pF 
Co Output Capacitance (1/01 '" 1/04) - 7 

,NOTES: 

1. Stresses greater than those listed under t'Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to VSS. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200~s 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 CS Before RAS initialization cycles instead of a RAS 
cycles are required. 

6. AC measurements assume tT=5ns. 

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

8. Measured with a load equivalent to 2 TTL loads and 10OpF. 

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

10. Either tRCH or tRRH 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-Hrite cycles. 

12. tws, tWH, tRWD, tCWD and tAWD 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 tRWD~tRWD(min.), tCWD~tCWD(min.) and 
tAWD~tAWD(min.), the cycle is a Read-Modify-Write cycle and the data out will con
tain 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 ind~terminate. 

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

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA. 

15. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. tLWAD 
(max.) is specified as a reference point only: If tLWAD is greater than the speci
fied tLWAD(max.) limit, then access time is controlled exclusively by tAA. 

16. tAH is the condition to latch column address when RAS has rised up. 
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TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

READ CYCLE 

tCSH 

OPEN 

tVRITE CYCLE (EARLY tVRITE) 

tAWR 

tCSH 

AO-A8 

tCRP 

VALID DATA-OUT 

tCRP 

1(//// II / !I/T/l//!711/ ifill/II l/!I/lffiJl/ !II / / 1/11 

V 
I/O I-I/O 4 IH 

VIL 

/" 
tD~~ 
~~ 

-------tALID DATA-I~>-----OPEN 
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WRITE CYCLE (OE CONTROLLED WRITE) 

AD-AS 

I/OI-I/04r 

READ-MODIFY-URITE CYCLE 

AD-AS 

TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P/J/Z-12 

tRC 

tRAS 

tAR 

tCSH 

tRSH 

tcs 

COLUMN ADDRESS 

f:ZZJ : 'I H" 0 rll L'I 

t 

t 

t 

tcs 

COLUMN ADDRESS 
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TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

STATIC COLUMN MODE READ CYCLE 

RAS 
VIH 

VIL ~ 

AO-A8 
VIH 

VIL 

tASR ~_ tsc 

7b ROW NJflj COLUMN 
~ADDRESS ADDRESS 

tRAD tAS C 
tAR 

os 
VIH 

VIL 

I tRCS 
r 

WRITE 
VIH 

VIL 1j11111111/IIll! 

tRP 

tRASC F-

~ 
tsc tRAL ,tAH 

~ COLUMN ) COLUMN WIIIIII/ ADDRESS ADDRESS 

tCRP 
tcp tRSH "1 

tcs r-
1\ tcs Jj -.1 7- tRRH , 

tRCH II I tRCS ft.. 

II , _rRCH. 

rw ~VlIiL 

tROH 

OE 
VIH 

VIL IIII/IIII/i//IIIIIIIIIIA I rJ I I I IIIIII!>. /r! I I III 111111111/ 
~EA ~F ~~ tOFZ 

,tCAC I~OE~ tAA 

tAA tAA 
ItOFF 

tRAC 

~~r~ ~c~ 
~ 

~r 

VALID DAT ... 
tCLZ , --'" tCLZ 

I 

VALID DATA VALID DATA 

~ :'IHlorIL" 
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TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

AO-A8 
VIH 

VIL 

OE ::: =WIIII 1/1/////// J/// 11//////////// II II/11M 1111 ///// /!I//I/;/; 
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TC514258P / J/Z-S5, TC514258P / J/Z-l 0 
TC514258P/J/Z-12 

STATIC COLUMN MODE READ-MODIFY-tVRITE CYCLE 

AO-AS 

VVOH 
VOl-V04 

vI/ OL 

COLUMN ADDRESS 

VALID 
DATA-OUT 
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COLUMN ADDRESS 

tAWD 

\ 
VALID 
DATA-OUT 

~ :"H"or"L" 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

AO-AS 

I/Ol-I/04r VVOH 

VVOL 

COLUMN 
ADDRESS 

(READ) 

twn 
tcWD 

TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

COLUMN 
ADDRESS 

(WRITE) 

tAHLW 

~ :"H"orIlL" 

(READ) 
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TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P/J/Z-12 

RAS ONLY REFRESH CYCLE 

AD-AS 

Notes: tVRITE, OE::~H"or"L" 

CS BEFORE ]AS REFRESH CYCLE 

tRP 

tRAS 

tCPN 

-.-I~ fSR 1--___ tC=H=R ___ ~1 

tOFF 

I/Ol-!/04- If OPEN 
VOL 

Note: tVRITE, OE, AD 'VAS :"H"or"L" 
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~ :"H"or"L" 

I tRP 

I 



HIDDEN REFRESH CYCLE (READ) 

VIH 
RAs" 

VIL 

tRCD 

tRAl) 

VIH 
CS 

VIL tAsc 

AO-AS 
VIH 

VIL 

VIH 
WRITE 

VIL 

VIH 
OE 

V1L 

tRAC 

VOH 
T/Ol-I/04, 

VOL 

tRAS 

tAR 

tRC 

tRSH 

tRAL 

TC514258P/J/Z-8.5, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

t RC 

tRP 

tP.AS 

tCHR tCRP 

tOEZ 

VALID DATA-OUT 

~ :"H"or"L" 

-A-169 -



TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P/J/Z-12 ' 

HIDDEN REFRESH CYCLE (tVRITE) 

, cs 

AO-AS 

VIH -

vIL -

VIH -

v IL -

tAWR 

ROW 
ADD ADDRESS 

tRAS 

VIL - I E11 ~I ~!~tWH ~ 
::: W1l1f~: tRWL . W/IJIJ/lJIIJ//A 

::: 11/11111111 (II /11 II /!III! 11111111 III //11111 11// I /1/ II (II /II/! II / II III!! 
I I tmm 

r tDS -' tDH 

r-
"?ALID DATA-IN OPEN 

VIH -
l/Ol-I/O4 ' 

VIL - -

~ :'IHlor"L" 

-A-170 -



TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

~ BEFORE.RASREFRESH COUNTER TEST CYCLE 

tRP 

READ CYCLE 

AO-AS COLUMN ADDRESS 

]/01-1/04 OPEN 

WRITE CYCLE 

AD-AS 

1/01-]/04 VIH 
vIL 

-----------OP~ ----~I 

READ-MODIfy-tYRITE CYCLE ~ I tCAR I d-;., 
AO-AS :~: I/I)/////J/j)//J/)/ III[!IX COLUMN ADDRESS WI! ///IJ/// III! /II 

tRCS twp I I 
WRITE VIH ~~~~~~~ 

tCWD 

I/O 1-1/04 VI/OH 
Vr/OL 

~ :'IHllorIlLII 
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VALID DATA-OUT 



TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

OUTLINE DRAWINGS 

• Plastic DIP 

~:: :::: :::1] 
1 2 :3 4 5 6 7 8 9 10 

24!i'MAX 

!:-r----+~,. -r-I --I ---.,... -.r--~ --I ---.,... -r--~ --I' ---, -L--1"'1 -~ --I' -~-'-' -,.... -"'L. -..r---'''1- ~ I 
::s 
tq 
(II 

0.5±0.15 

1.4± 0.15 

2.54± 0.25 

Note: Each lead pitch is 2.54mm. 

Unit in mm 

7.62±0.25 

All leads are located within O.25mm of their true longitudinal 

position with respect to No.1 and No.20 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 

17.02 

1 2620 24.2322 ,P D D Cl Cl 

INDEX DOT 

0.66-0.76 

I 

TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

17.27 

16 17 16 15 1. I 
ClDDOCl 

Unit in mm 

0.9TYP. 

M 
to M 

~ 
to 
oj 

-1- o 
to 
t-= 

~ 

N 
~ 

r.: I 
CD 

CD r. .... cxl 
<ci 

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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TC51425JP/J/Z-85, TC5·14258P/J/Z-l0 
TC514258P/J/Z-12 

• Plastic ZIP 

~ __________ 2_6_3~_~_' ____________ ~.I 

INDEX DOT 

I 

I I 
O,S±o.l I ! 127 TYP. 

Ii 

2 4. 6 8 12 14 16 18 fO 

Note: Each lead pitch is 1.2imm. 

All dimensions are in millimeters. 

Unit. in mm 

1.27TYP 

2.54TYP 

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 
1,048,576 WORDS X 8 BIT 
DYNAMIC RAM MODULE 

JOESCRIPTION/ 

THM81 000S/L-1 0/12 

The THM8l000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC5ll000J on the printed circuit board. 

The THM8l000S/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. 

I FEATURESI 

• 1,048,576 words by 8 bits organization 
• Fast access time 

TIDI8l000S/L-lO THM8l000S/L-12 
tRAC RAS Access Time lOOns l20ns 
tAA Column Address Access Time 50ns 60ns 
tCAC CAS Access Time 35ns 45ns 
tRC Cycle Time 190ns 220ns 
tpc Fast Page Mode Cycle Time 55ns 70ns 

• Single power supply of 5V+lO% 
• Low power 

2,640mW MAX. Operating (TID18l000S/L-10) 
2,200mW MAX. Operating (TID18l000S/L-12) 

44mW MAX. Standby 
CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast P~ge ~lode 

capability. 
• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

IPIN CONNECTION I 

(TOP VIEW) VCC 
CAS 
DQO 
AO 
Al 

£~1 
A3 
vss 
00,2 
A4 
A5 
DQ3 
A6 
A7 
DQ,4 
AS 
A9 
N.C. 
J2Q5 
W 
vss 
DQ,6 
N.C. 
00,7 

~~ 
N.C. 
N.C. 
VCC 

...--/0 

~~ 

!I 
~ gl I 0 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

~~ 
(22 
23 
24 
25 
26 
27 
28 
29 
30 

gl I 

~CJ 
~I I 
~I I 
~CJ 
gC] 
a 

gl I 
0 

IPIN NAr.-1ESI 

AO '" 9 
DQO "'7 

CAS 

RAS 
H 

VCC 

VSS 

N.C. 
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Address Inputs 

Data Input/Outputs 

Column Address Strobe 

Row Address Strobe 
Read/Write Input 

Pmver (+5V) 

Ground 

No Connection 



THM81 OOOS/L-l 0/12 

IBLOCK DIAGRAt:l! 

DQ, 1 1 oj 0 
,.... 

D ~J ];'.01,4 ~ D 'J ~, 

~ ~ 
rv' 

AO-A9 

rk 
AO-A9 

r- k RAS RAS 
l- re CAS t- f-<: CAS 

-- ~ WRITE t- f--c WRITE 

H~ ~H--

r -- r i-

,;J ,1 0 t--D "J I>~, 5 '" f- D ". DQ 
LJ., AO-A9 r ~ .'\0-A9 

~ r-c EtAS ~ f-<: ?.A3 

I- ~ C .. -\8 t- f--c '_nO 

l- I-- ~ WRITE t- f--c 'NRIT!':: 

H~ ~I-rl- I--

~,J r I-

:~,LJ 2 
,... 

t--D ~'~;, 6 ~ f- D '-' 

L.J. 
AO-A9 

W ,',0-A9 

~ 
1'" 

I-- RAS po- f-£ ;<:'AS 

DQ, 

I-- f-< CAS t- f-<: ,:;AS 

l- f-( WRITE t- f-<: 'N;l.I7E 

H~ ~-H--

r I-

.J r r-

~,U ,3 '"' I-- D T"\.'f'"f - D' " .L.·,lt~ ( 
" y 

AO-A9 ----f\, Au-A9 ---I ---y' 

I- ~ RAS ~ -C KA3 

>- -C CAS r-- -C CMr 
r- K WRITE t- -C WRITE 

--it-

AO-A9 I 

0 

'-' 

'" '-' 

I 

,... 
'-' 

G 
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THM81000S/L-l0/12 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 r..., 7 V 1 
Output Voltage VOUT -1 r..., 7 V 1 
Power Supply Voltage VCC -1 r..., 7 V 1 

Operating Temperature TOPR o r..., 70 °c 1 

Storage Temperature TSTG -55 r..., 125 °c 1 
Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 
Power Dissipation PD 4.S tv 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O r..., 70°C) 

SYHBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.S 5.0 5.5 V 2 
VIH Input High Voltage 2.4 6.5 V 2 
VIL Input Low Voltage -1. 0 O.S V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=O r...,70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT !THMSlOOOS/L-lC - 480 
ICCI Average Power Supply Operating Current rnA 3, 4 

(RAS, CAS~ Address Cycling: tRC=tRC MIN. ) THM8l000S/L-12 - 400 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 16 rnA 

(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THMSIOOOS/L-lC - 4S0 
ICC3 Average Power Supply Current, RAS Only Mode rnA 3 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THHSIOOOS/L-12 - 400 

FAST PAGE MODE CURRENT THHSIOOOS/L-lO - 320 
ICC4 Average Power Supply Current, Fast Page Mode rnA 3, 4 

(RAS-VIL, CAS Address Cycling: tPC=tPc MIN.) /THMSIOOOS/L-12 - 240 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 

I 
- S rnA 

(RAS=CAS=VCC-0 . 2V) 
CAS BEFORE RAS REFRESH CURRENT _ _;iTffi'18l000S/L-lO - 4S0 

ICC6 Average Power Supply Current, CAS Before RAS rnA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THM8l000S/L-12 - 400 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any Input -SO 80 w\ 

(OV ~ V IN ~ 6 . S V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 \.lA (DOUT is disabled, OV~VOUT~S.5V) 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-SrnA) 2.4 - V 

VOL OUTPUT LEVEL 
0.4 V Output "L" Level Voltage (IOUT=4.2rnA) -
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THM81 OOOS/L-l 0/12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O 'V 70°C) (Notes 5, 6, 7) 

'THM81000S/L-IO THM81000S/L-12 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

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 

tAA Access Time from Column Address 50 60 ns 8, 14 

tCPA Access Time from CAS Precharge 50 65 ns 8 

tCLZ CAS to Output in Low-Z 5 5 ns 8 

tOFF Output Buffer Turn-off Delay 0 30 0 35 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP ]AS 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 

t RSH RAS Hold Time 35 45 ns 

tCSH 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 

t CRP 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 25 ns 

tAR 
Column Address Hold Time referenced 
to RAS 75 90 ns 

tRAL Column Address to RAS Lead Time 50 60 ns 

tRCS Read Command Set-Up Time 0 0 ns 

tRCH Read Command Hold Time 0 0 ns 10 

-A-178-



THM81 OOOS/L-1 0/12 

ELECTRICAL CHARACTERISTIC AND RECOMMENDED AC OPERATING CONDITIOi~S (Continued) 

THM81000S/L-IO THM81000S/L-12 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time referenced 0 0 10 
to RAS 

ns 

tWCH Write Conunand Hold Time 20 25 ns 

t WCR 
Write Command Hold Time referenced 
to RAS 75 90 ns 

twp 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 

tos Data Set-Up Time 0 0 ns 11 

tOH Oata Hold Time 20 25 ns 11 

tOHR Data Hold Time referenced to RAS 75 90 ns 

tREF Refresh Period 8 8 ms 

twcs Write Command Set-Up Time 0 0 ns 12 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 10 10 ns 

tCHR CAS Hold Time (CAS before RAS Cycle) 30 30 ns 

tRPC RAS to CAS Pre charge Time 0 0 ns 

tCPT CAS Precharge Time 50 60 ns 
(CAS before RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 20 ns 

CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=O 'V 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO 'V A9, W, CAS, RAS) 60 pF 

COQ I/O Capacitance (OQO 'V DQ7) 15 pF 
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THM81 OOOS/L-l 0/12 

NOTES: 

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

2. All voltages are referenced to Vss. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl' ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200~s is required after power-up followed by 8 RA] 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 tr=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIH and VIL' 

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

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

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

11. These parameters are referenced to CAS leading edge in early write cycles and 
to I~RITE leading edge in read-write cycles. 

12. t~~CS is not restrictive operating parameters. This is included the data' sheet 
as electrical characteristics only. If twcs ~twcs(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tRCn(max.) limit insures that tRAC(max.) can be met. 
tRCD(max.) is specified as a reference point only: If tRCD is greater than 
the specified tRCn(max.) limit, then access time is controlled by tCAC' 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA' 
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READ CYCLE 

'IlL 

T.iIL 

__ VIH 
',VRITE 

V1L 

DOUT 
V,)L 

THM81000S/L-l0/12 . 

~i V 
! ~~------------------------~-

J 

I 

I 
I 

I 
I'CRPI 

If I 

I 

I 
I 

q! ~ 
OPEN ------~~--'-I A-L-I-D-D-A-T-A-----;~ 

tAA 

~ : Don't Care 
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· THM81000S/L-l0/12 

EARL Y ~VRITE CYCLE 

tRc 

tRAs 
tRP 

vIH 
RAS 

'lIL 

t RCD t RsH 

tcsH 

CAS 
vIH 

VIL 

teAH 

AO-Ag 
v IH 

vIL 

tCWL 

11IH 
t,NP 

WRITE 
VIL 

tDH 

DIN 
VIH DATA 
VIL 

OPEN 

E2ZJ : Don't Care 
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THM81 OOOS/L-1 0112 

FAST PAGE MODE READ CYCLE 

WRITE VIH 

VIL 

DOUT 

~ : Don't Care 
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TH M81 OOOS/L-l 0/12 

FAST PAGE HODE HRITE CYCLE (EARLY HRITE) 

tRASP 

RAS 
vIH 

vIL 

tpc tRsH 

tCRP tRCD 

CAS 
vIH 

VIL 
tAR 

VIH 
AO-Ag 

VIL 

.. I tRAD 

t WCR 

VIH 
WRITE 

VIL 

OPEN 

~ : Don't Care 
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THM81000S/L-l0/12 

RAS ONLY REFRESH CYCLE 

t3.AS 

I 

: tRPc r-----; 

V 

Vm 

DOUT 
VOH 

------------ OPEN 

EZ2a : Don't Care 

Note: HRITE=Don't care, A9=Don't care 
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THM81000S/L-l0/12 

CAS BEFORE RAS REFRESH CYCLE 

=-1t"PC R 
tRc 

~ tRJ{s 

V 
t RP 

RAS 
vIH 

vIL -- I ' 

I;CPll"I ~ tCHR • I 

V i';I"8 
v IH ~ vIL 

t I 

i 
'tOFF 

~ 
) vOH 

DOUT OPEN 

VOL 

~ : Don't Care 

Note: WRITE=Don' t car,e, AO IV A9=Don' t care 
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THM81 OOOS/L-l 0/12 

HIDDEN REFRESH CYCLE (READ) 

tRAS t RP tRAS 

VIH 
RAS 

VIL 

t RCD tRSH tCHR 

VIH 
CAS 

VIL 

tRAL 

tAR 

tCAH 

VIH 
AO-A9 

VIL 

VALID DATA 

tCLZ I 

~ : Don't Care 
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THM81 OOOS/L-l 0/12 

HIDDEN REFRESH CYCLE (HRITE) 

__ vIR 
WRITE 

VIL 

tCHR 

OPEN 

~ : Don't Care 
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CAS BEFORE RAS REFRESH COm-ITER TEST CYCLE 

READ CYCLE 

fDeuT 

tmm 
VOL 

~~RITE CYCLE 

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

------ OPEN -------'-4---( 
I k I = W;/m;j /;/XZ; JI---==r tRC~S .! I c~ 

I 
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III~ 
litRe" ~ 

I 
I 
I 
I 



THM81000S/L-l0/12 _ 

OUTLINE DRAWINGS 

• THM81000S 

8a90 ± 0.13 

I 
75.95 max. 

. '----1 -------, 

DDDDDD 
0000000000000000000000000000· 

2.54 

82.14 ± 0.13 

• THM81000L 

I 8 2.1 4 ± a. 3 • ~ 

i ~ DDDDDDDD 
2.54 II 0.5±0.1 

73.66±0.3 
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Unit in rom 

3.18¢ 

3.38 

+0.13 
1.27 -0.08 

5.0 8max. 

+0.15 
.11 0.25-0.15 



TOSHIBA MOS MEMORY PRODUCT 
1,048,576 WORDS X 9 BIT 
DYNAMIC RAM MODULE 

j OESCRI PTION I 

THM91 000S/L-1 0/12 

The THH9l000S/L is ~ 1,048,576 words by 9 bits dynamic RAM module \vhich assembled 
9 pes of TC511000J on the printed circuit board. 

The Tru~lOOOS/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 i~age memory 
systems, and to the others which are requested compact size. 

jFEATURES] 

• 1,048,576 words by 9 bits organization 
• Fast access time 

tRAC RAS Access Time 
tAA··· 

. __ .. _-
Column Address Access Time 

tCAC CAS Access Time 
tRC Cycle Time 
tpc Fast Page Node Cycle Time 

• Single pmver supply of 5V+10% 
• Lm., pmver 

2, 970 m~~ NAX. Operating (':'HH91000S/L-10) 
2,475 mH NAX. Operating (THH91000S/L-12) 
49.5 m~·J HAX. Standby 

TH:-19l000S/L-10 THH<11000S/L-12 
lOOns 120ns 

50ns 60ns _. 
35ns 45ns 

190ns 220ns 
55ns 70ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Hode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cyc1es/8ms 

IPIN CONNECTION! 

(TOP VIEU) 'ICC 
GAS 
Dq,O 
AO 
A1 
D~l 
,\2 
'\3 
'ISS 
Dq.2 
A4 
A5 
DQ,3 
A6 
A7 
DQ.4 
A8 
A9 
N.C. 

-/h-Q.5 

VSS 
DQ,6 
N.C. 
DQ.7 
CliL 
EEL 
CAS8 
D8 
vee 

(l 
(2 
(,,3 

II 
19 

(10 

~ll 

~
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

lO 
gl 
SI c 

gl 
gl 
c 

,§I 
Igi 
c 

§I 
81 

0 
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IPIN NAt:1ES! 

AO '" 9 Address Inputs 

DQO '" 7 Data Input/Outputs 

D8 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

VI Read/Hrite Input 

CAS8 Column Address Strobe 

VCC Pmver (+5V) 
VSS Ground 

N.C. No Connection 
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IBLOCK DIAGRAN\ 

DO. 

DQ 

AO-A9 

HAS 

CAS 

CA88 

WiUTE 

Vce 
Vss 

0 

1 

2 -v 

3 -v 

-'" 
v 

v 

-
v 

r 
D 

,.....--1\ 

rv AO ..... A9 

r- '-< It;\S 

.-f- >-( I~A~1 

r-+-f- >-( ·,',HIT!..: 

Hl-
r~ 

1-1-

~ J 
l...1\ 

,·, .. 2 ..... 1\9 

0- ~ :\.'\3 

1-1- ~ i.: .\~; 
1-1-1- f-< ,',[UTE 

HJ-
[f- r-c-

t-- D 
LJ.." 

:\0 ..... ,\9 -I 
~ -c RAS 

t-- -c CAS 

0--- -C WHITE 

Hl-

r 1-1-1-

t;: D 

r' /\.0 ..... A9 

I- ~ RAS 

1-1- f-< CAS 

f-f-f- ~ ',vRITE 

JJ IXl4 - I D "U 
~ A 0"'" A 9 

~ W\8 

r- Lc lYAG 
rl-- ~ '//HI T~~ 

Hr-

,u r 
I-f-

"ll 0'.).5 '-' ~ D 

'-" /,0 ..... ,\9 

~ h "lU7:: 
~I- f-< UA~3 

1-0- f-< O\"~\ l T H! 

f-H-

r f-I-

=JJ ~J Dl6 I-- 0 

~ AO-A9 

I- f--<J 1US 
1-1- f--c GAS 

-f-I- k ',mIT!!] 

HI-

~,J r 
1-1-1-

"U ~ D '. DQ.7 

~ AO-A9 

f--c RAJ 
0- k CAS f-- f--< 'NRITE 

~r-

D8 - LS D ',If-o 
AO-A9 

Q,8 

l---c HAS 

CAS 

WHITE 

fif-
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ABSOLUTE rlAX Inur·' RATINGS 
ITEM SYHBOL RATING UNITS NOTES 

Input Voltage VIN -1'" 7 V 1 
-- - --- --' --'--"--' 
Output Voltage VOUT -1'" 7 V 1 
---------
PmJer Supply Voltage VCC -1'" 7 V 1 

Oper~t ting Temperature TOPR 0", 70 ·oC 1 
---_ .. .- -_. 
Storage Temperatllre TSTG -55 ,\, 125 °c 1 
f------- .--------.- ----- ---
Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 

Pm-lcr Dissipation PD 5.4 H 1 
t----.- - .-f--
Short Circuit Oulput Current lOUT 50 rnA 1 

RECOi·1l·1ENDED DC OPERATIf'IG CmmITIC1lS (Ta=O ,\, 70°C) 
Sy:mOL PARAl'IETER ~1r~J. TYP. ~IAX. l;:aT t\OTES 

Vce Supply Voltage I 4.5 5.0 5.5 V 2 

ViH 
_ .. :---

Tnput High Voltage 2.4 6.5 V 2 
r--.---- -----_._---_._----_ .. _-----1--------r------- r--.---- ----- ---

V[L Input Lmv Voltage -1.0 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vee=5V~10%, Ta=0~700e) 

SY:1BOL PARA~IETER rlIN. aA.X. UNITS ~roTES 
OPERATlt\G CURRENT j}~:[91COG:::;...-1.r--1O - 540 

ICCl ~\verage Pm-ler Supply Operating Current mA < 4 ~ , 
J.fu\S, CAS, Address Cycling: tRC=tRC HnJ.) TE:1:9 100 OS/L-12 - 450 

---
STANDBY CURRE(JT 

ICC2 POHer Supply Standby Current - 18 rnA 

(RAS=C,.\S=VI H) 
RAS m~LY REFRESH CURRENT T2,;91GOOS/t-1O - 540 

ICC3 Average POHer Supply Current, RAS Only !lode rr.A 3 
(RAS Cycling, CAS=VIH: tRC=tRC ~-lIN .) l;:2.:9100CV.lJ-12 - 450 

FAST PAGE r'IODE CURRE~lT T:~,i91000S/t-lO - 360 
ICC4 Average PmJer Supply Current, Fast Page ~lode rnA 3, 4 

(RAS=VIL, CAS Address Cycling: tpC=tpc HIN.) THM910 0 OS/ir-1 2 - 270 

STANDBY CURRENT 

Ices POHer Supply Standby Current - 9 rnA 
(RAS=CAS=VCc-0.2V) 
CAS BEFORE RAS REFRESH CURREi.'lT lli,191000S/L--1O - 540 

ICC6 Average POHer Supply Current, CAS Before TIAS ru\ 3 
Hade (RAS, CAS Cycling: tRC=tRC NIN.) 'I'}£1!910 OOS,/L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 )!A 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 lJA 
(DOUT is disabled, OV ~ VOUT ~ 5.5V) 

VOH 
OfTTPUT LEVEL 2.4 V Output "H" Level Voltage (IOUT=-5mA) -

VOL OUTPUT LEVEL 0.4 V Output "L" Level Voltage (IOUT=4.2mA) -

- A-193-
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O rIJ 70°C) (Notes 5, 6,7) 

SY~lBOL PARANETER 
THN91000S/L-IO TIlH91000S/L-12 

UNIT NOTES 
~IIN • HAX. NIN. MAX. 

tRC Random Read or Hrite Cycle Time 190 220 ns 
tpc Fast Page Node Cycle Time 55 70 ns 

'------- - f----------------

tRAC Access Time from RAS 100 120 ns 8, 13 
----- -----"---"---"-----'-----
tCAC Access Time from CAS 35 45 ns 8, 13 

1-:------1-------------
tAA Access Time from Column Address 50 60 ns 8,' 14 

-
tCPA Access Time from CAS Precharge 50 65 ns 8 --- -f--- --

tCLZ CAS to Output in Low-Z 5 5 ns 8 
------------------r----

tOFF Output Buffer Turn-off Delay 0 30 0 35 ns 9 
-----1-------------
tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 
f---- ------
tRP RAS Precharge Time 80 90 ns 
tRAS - --- 1----

Rl\S Pulse \Jid th 100 10,000 120 10,000 ns 
1-----1---------------------- --------------

tRl\SP RAS Pulse h'id th (Fast Page ~rode) 100 100,000 120 100,000 ns 
1---------- 1--------- - - ---

tRSH RAS Hold Time 35 45 ns 
-

tCSH CAS Hold Time 100 120 ns 

tCAS CAS Pulse \Jid th 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 

tCRP CAS to RAS Precharge Time 10 10 ns 
tcp CAS Precharge Time (Fast Page Hode) 10 15 ns 
tASR Rmv 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 25 ns 

tAR 
Column Address Hold Time referenced 
to RAS 75 90 ns 

tRAL Column Address to RAS Lead Time 50 60 ns 

tRCS Read Command Set-Up Time 0 0 ns 
tRCH Read Command Hold Time 0 a ns 10 

tRRH 
Read Command Hold Time referenced 

0 0 10 RAS ns to 
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ELECTRICAL CHARACTERISTIC AND RECOr·1r·lENDED AC OPERATInG CGr!DITIONS (Continued) 

THH91000S/L-10 THH91000S/L-12 
snmOL PARMIETER I-----.----_t_---,----I UNITS ~IOTES 

~·IAX. HAX. 

~Jr i t c Command lIo ld Time 20 ns 
----. ----- --_._ .. -----_.---------

75 I!r i te Command Ho ld Time referenced 
toP-AS t~·:cn ns 

I -------. ---- .... -------- .-.. --.. ------------.-.--.-.--- -------I·----+----t------I----+----I 
~,'dte Cor.:r.land Pulse \·.'iclth 20 i ns 

tRIJL \Id te Command to nAS Lead Time 
.- -------. .- - ..... --.-----.----.--.---------+---.-+---~f__--_+_---_t_--+_-___i 

25 ! ns 

25 -r-------
1------ -- ----. -'--'------------ - -------.. - -- r---'- ---r--- /-----+----1----+----1 

tos Duta Set-Cp Time IOns 11 
1---- --------.. -------- -.------------l--.---+----+------i------f----t----i 

tDI! Data [loid Time I 20 i ns 11 

-t-D-l!~-~~~-·-I·;-o-·-1.-cl--T-im-! e-r-c-f-e-r~nccd to R~\S 75 t-----+----+------ ns 
---- :---------------------------------- -- .. -----~-----t_---___t-----_+-.-_t_--~ 

[.Jri te ComI;wnd to CAS LC.:ld T Ime tCHL ns 

tREF Refr~sh Period I 3 8 FIS 
----------·---·--------- .. -------------l--------·-·t-·----1----+----+----+----1 

12 t~·:C) lIrite Command S'2t-Up Ti[';1e 0 i 
r---- .. --. ---------. - ·---- .. ·---------------------I-----+----+----t----_+--_t_--~ 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 10 I 
ns 

ns 

tCllR CAS Hold Time (CAS before RAS Cycle) 30 ns 
-----· .. -·------------·--------+-----1------1-----1----+---+----1 

tRPC RAS to CAS Precharge Time 0 ns 
.--.----- .. ------.------------f---_t_---+----r--.---....... -- --

tCPT 50 
CAS Precharge Time 

(F.XS before RAS Counter Test Cycle) 
ns 

CAS Precharge Time 15 ns 

c.":PAC I T/\NCE (Vrc=5V±10%, f=HIHz, Ta=O '\, 70°C) 
J 

SYHBOL PARANETER HIN. HAX. UNIT 

Cl1 Input Capacitance (AO '\, A9, W, CAS, RAS) 60 pF 

CI2 Input Capacitance (D8, CAS8) 7 pF 

CDQ I/O Capacitance (DQO '\, DQ7) 15 pF 

CQ Output Capacitance (Q8) 10 pF 
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~OTES: 

1. Stresses greater than those listed under "Absolute t-!aximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VSS. 

J. [eCl, fCC3' 1CC4, 1CC6 depend on cycle rnte. 

4. [CC1, ICC4 depend on output loading. Specified values are obtained with the 
Otltput open. 

5. .\n initial pause of 200l!s is required after po~.,rer-up follah'ed by 8 hAs cycles 
b'2Core proper device operation is u.chiev~~d. tn case of using internal refresh 
counter, a l!linimum of 8 CAS before nAS initialization cycles instead of 8 RAS 
cycl~s are required. 

6. ,\C r.IC'lsut"C:r.lents assume tT=5ns. 

7. VW(min.) and VLL(nax.) are reference levels for me.::tsuring timing of input 
Signals. Also, transition times are measured bet~'Jeen VIH and VIL. 

8. ~k'_asured \lith a 10.:1d equivalent to 2 TTL loads and lOOpF. 

9. tOFF(max.) defines the time at h'hich tbe output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either trrcH or tnRH must be satisfied for a read cycle. 

11. These par.:1I:leters are referenced to CAS leading edge in early ,·,rrite cycles and 
to l-,'RLTE leading edge in read-Hrite cycles. 

l2. tucs is not restrictive operating parameters. This is included the data sheet 
.:1S electrical characteristics only. If t~~CS ~ tl/CS (min.), tbe cycle is an early 
write cycle and data out pin will remain open circuit (11igb impedance). 

13. Operation uithin the tRCO (r.lax.) limit insures that tRAC (r.1ax.) can be met. 
tRCO(max.) is specified as a reference point only: If tRCO is greater than the 
specified tRCO(max.) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tRAO(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled. by tAA. 
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READ CYCLE 

I: IH 
"HA:1 

~--------~...:..:..:...--------.-----t 

t.:u:r 
->---

'ILi 

t;:i.AL 
-----I 

L L_'AL __ 
_____ t:.u~ _______ +_~ 

1---------------------~ 
D'JUT t)FBN --------U 

~ : Don't C~re 
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EARLY HRITE CYCLE 

.,. I:'" 

IdUT8 v rH 

vrL 

'HCD ti{:,1! 
---.-------------+------~~~----~~ 

OPEN 

t2Z3 : Don't Care 
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FAST PAGE MODE READ CYCLE 

'NHITE vI!{ 

VIL 

VOH 
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tHP 

~ : D,)n't Cn.rl9 
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FAST PAGE HODE lJRITE CYCLE (EARLY tillITE) 

.\) -- '\9 

,'iRI'i'£': 

• DOUT 

'I [H 

'iLL 

'I III 

'j I fJ 

'/ [~1 

VIL 

t'NCR 

twp 

OPEU 

~ : Don't Ca.re 
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RXS ONLY REFRESH CYCLE 

Vu 
'/ [[, 

;' t. i 

",' l :, 

~:ote: HRITE=Don' t care, A9=Don' t care 
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Ci\S BEFORE RAS REFRESH CYCLE 

tHAt] 

u,8 "I If{ 

'[ [L 

t:';Hli. 

'![f[ 
\.J!\I) 

'/ [L 

~)rrT 
1!,jL 

)--------- OFf~N 

r~ote: HRITE=Don' t care, AO 'V A9=Don' t care 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

tp_-\s tRP tRAS 

VIH 
HAS 

VIL 

tRCD tRSH tCfill 

VIH 
C"i\8 

VIL 

tR.-\D< tRAL 

tCAH 

VIH 
AO-Ag 

VIL 

tCAC 

VALID DATA 

tCLZ 

~ : Don't Care 
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HIDD~~_~EFRESH CYCLE (HRITE) 

.. DciR 

'fiJi{ - ________________ _ 

~ : Don' 1"; C:Lro 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

t.1{/,\:.::.:....1 __ _ 

'; [rJ 

'f [it 

V 1 TJ 

, [ll 
\1:' - . ."'...~) / 

·'[L 

RE,\O CYCLE 

:'llt 
Ji.) ' .. , :.,\L [J DA,,\ 

• ~..I : J 

I ',;;-,\ LT :~ 
II [I! 

I 

~ [ iJ r 
h'RITE CYCLE 

r Q,y;'i' 
1.,/ ~) i! 

~ d!J 

':; ~, : t' ',Ii l-:: 1 

~. 'J [0 JA'i',\ 
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OUTLINE DRAWINGS 

• THH91000S Unit in mm 

r 
88.90±0.13 

6'" '!AX ? ~~. ~.. • I 

r- I 

i 'f~~DDDDDDD--~~~ 
_J[ l\JUooooo 0 DO 0000000 DO 0 0 DOD 0 0 oiJ6Ci 

(() 

rl 
d 

J ::.54, 

_'-rl 

82.14.±O.13 3.38 

• THN91000L 

I 82.1Ho.3 I 

i~· 00000 DOD 
2.54. II 0.51-:0.1 . 

73.661:0.3 
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t 0.13 --! 1.2'/- 0.0 8 

5.08}'!AX • 

5.08MAX. 

I 

+0.15 
II 0.25-0.15 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT STATIC RAM 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/ 
1 00ns/120ns/150ns and maximum operating cur
rent of 50mA. When CS is a logical high, the device 

FEATURES 

• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max.) (Max.) (Max.) 

TMM20l5BP-90 90ns 50mA 5mA 

TMM20l5BP-l0 lOOns 50mA 5mA 

TMM20l5BP-12 l20ns 50mA 5mA 

TMM20l5BP-15 l50ns 50mA 5mA 

• High Density Assembly Capability 
0.3 inch width package (24pin plastic DIP) 

PIN CONNENCTION 

A7 Vee 
A6 A8 
A5 A9 
A4 WE 
A3 OE 
A2 AIO 
Ai cs 
AO 1/08 

1/01 1/07 
1/02 1/06 
1/03 1/05 

OND 1/04 

PIN NAMES 

Ao-A3 Column Address Inputs 

A4-AlO Row Address Inputs 

CS Chip Select Input 

WE Write Enable Input 

1/0,-1/08 Data Input/Output 

OE Output Enable Input 

Vee Power (5V) 

GND Ground 
---

- 8-3 

is placed In a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 nBP IS most sUitable for use In microcom
puter oenpheral memory where the low power 
applications are required. The TMM201 5BP IS fa
bricated with Ion Implanted N channel silicon gate 
MOS technology for high performance and high 
reliability 

• Single 5V power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: OE 

o Three State Outputs 

• All Inputs and Outputs: Directly TIL Compatible 

• Inputs Protected: All Inputs have protection 

BLOCK DIAGRAM 

against static charge. 

MEMORY 

CELL ARRAY 

( 128X16X8) 
---<> OND 

1/01O---~~~==~~--~~---'==~~~---, 
1 /02 o-----+l-~-I-', 

I /0 3 o---.H-~>+.J 
! /0 4 n--_.t++--r>~ 

1/05o-. ........... I-I-H-~+-J111 

1 /06 o-~I-I-H--f'>.+-

1/0 7 o--.++++H-n~........J 

I /08 D--'I~I-I-H--D--I--

U~-_ es 
CSO--~ ........ ~ 

WE 
OEO------l---l1 



TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 

SYMBOL ITEM 

Vee Power Supply Voltage 

VIN. Your Input/Output Voltage 

TOPR Operating Temperature 

TsrG Storage Terperature 

TsoLoER Soldering Temperature· Time 

Po Power Dissipation (Ta = 70'C) 

* -3.0V at Pulse width 50ns 

F'D:~'c:<"R'EcoMMiNDE<Do'PERATiN(rCOND'iTioNs (Ta =0- 70'C) 
L",."." .. "".""", 'w,,~.'''' ,'w· .•... ", .. , •• ,,, ."0",,,·, .. , ',,,w""""""', . ...i .. " ....... " ... , ....... , .•.. , .•. •...•• , .•.. "." ••••. , : .... , .... , .. " •..•• , .. " •••.•. ,,,.,,, .............. w, 

SYMBOL PARAMETER MIN. 

VIH Input High Vovtage 2.0 

VIL Input Low Voltage -0.5** 

Vee Power Supply Voltage 4.5 

* * -3.0V at Pulse width 50ns 

[":'''O:::C·:·.''CHARACTERisffcs L, .... " .... , .. ,.,.".·, ..... ".,'w.:" .... ,,,,,., ..•.. , ...... , .. ,."' ..... "' ..... , ... ,."".,,,,., 
(Ta=0-70·C. Vee=5V±10%) 

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV-5.5V 

VOH Output High Voltage lour= -1 .0mA 

VOL Output Low Voltage lour=4.0mA 

CS=VIH or 
ILO Output Leakage Current WE=VIL or OE=VIH. 

Vour=OV-5.5V 

ISBP Peak Power-on Current CS=Vcc. lour=OmA 

ISB Standby Current CS=VIH • lour=OmA 

Icc Operating Current CS=VIL. lour=OmA 

~CAPACITANCE.;.'" (Ta=25'C. f= 1 MHz) 
h~,,·,,· ,"".,'.' ~:.: ~,~.v:. '''''<'. ~'h .,,,;, ''';h~<'.~<~~~,.".~,.. ,~.: :":v:.~""';'M'->'<~' 0.;;",;::';' ," 1;: 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance VIN=OV 

Cour Output Capacitance Vour=OV 

* * * Note: This paramenter is periodically sampled and is not 100% tested. 

- 8-4 -

RATING UNIT 

-0.5-7.0 V 

-0.5*-7.0 V 

0-70 'C 

-55-150 'C 

260·10 'C'sec 

0.7 W 

TYP. MAX. UNIT 

- Vee+ 1.0 V 

- 0.8 V 

5.0 5.5 V 

MIN TYP MAX UNIT 

-10 - 10 J.lA 

2.4 - - V 

- - 0.4 V 

-10 - 10 J.lA 

- - 10 mA 

- - 5 mA 

- - 50 mA 

MAX. UNIT 

5 pF 

10 pF 



TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 

A. C. CHAR.~C1TER,ISTICS . (Ta=0-70'C, Vcc=5V±10%) 

Read Cycle 

SYMBOL 
TMM2015BP-90 TMM2015BP-l0 TMM2015BP-12 TMM2015BP-15 

PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tAC Read Cycle Time 90 - 100 - 120 - 150 -

lAcc Address Access Time - 90 - 100 - 120 - 150 

tco Chip Select Access Time - 90 - 100 - 120 - 150 

tOE Output Enable Time - 35 - 35 - 50 - 55 

tOH 
Output Data Hold Time from Addres~ 

10 - 10 - 10 - 10 -
Change 

ns 
tCLl CS to Output in Low-Z 15 - 15 - 15 - 15 -

tCHZ CS to Output in High-Z - 40 - 40 - 40 - 55 

tOLZ OE to Output in Low-Z 5 - 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 35 - 50 

tPlJ Chip Selection to power Up Time 0 - 0 - 0 - 0 -
Chip Deselection to Power Down 

tpo - 50 - 50 - 60 - 60 
Time 

Write Cycle 

SYMBOL 
TMM2015BP-90 TMM2015BP-l0 TMM2015BP-12 TMM2015BP-15 

UNIT PARAMETER 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

twe Write Cycle Time 90 - 100 - 120 - 150 -

tew Chip Selection to End of Write 60 - 70 - 85 - 100 -
lAs Address Set Up Time 20 - 20 - 20 - 20 -
twp Write Pulse Width 55 - 65 - 80 - 100 - ns 

twA Write Recovery Time 0 - 0 - 0 - 0 -

tos Data Set Up Time 30 - 35 - 45 - 50 -
tOH Data Hold Time 0 - 0 - 0 - 0 -

twLl WE to Output in Low-Z 5 - 5 - 5 - 5 -

twHZ WE to Output in High-Z - 25 - 30 - 35 - 50 

A~ C~TEST CONDITU)NS 
".<, , ,,, ... ~,' "~·~.m"H .,.,y,·.h"':'>',",'<:~"',. V' ~ , . .,.., , 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Time 10ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1 TIL Gate & CL= 100pF 
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TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 

TIMING WAVEFORMS 

• (A) READ CYCLE (1) (1) 

ADDRI!~SSES 

tOLZ 

HIGH IMPEDANCE 

UNKNOWN 

• (8) READ CYCLE (2) (1), (2) 

tco 

tCLZ 

OUTPUT DATA VALID 
HI GH IMPEDANCE 

tCHZ 

HIGH HIGH 
IMPEDANCE .Jr-r-............. ------------,j, IMPEDANCE 

--::':::":==:.....t---m OUTPUT DATA VALl D 

SUPPLY ICC ----------

CURRENT ISB ------

• (C) WRITE CYCLE (1) (3) 

ADDRF.SSES 

UNKNOWN 

twc 

tDS tDH 

DATA IN VALID 
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TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 

• (D) WRITE CYCLE (2) (3) 

twc 

ADDRESSES 

tcw 

tos 

HIGH HIGH IMPEDANCE 

NOTES: 
(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vll in read cycle (1) 
(2) All 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 CS 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. 

DOUT 

(A) 

(8) 

tClZ. tOlZ. twlZ 

tCHZ. tOHZ. twHZ 

Output Enable Time 

Output Disable Time 

--------+~--------------_{f-----------J 

(AI (Ill 

HlOH iMPEDANCE U.15V 
--......:.:.~......:.:;:;..:;.=~---ft--+-U.15V 

Fig. 1 Output load condition for enable disable time measurement. 
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TMM201'5BP-90, TMM2015BP-12 
TMM2015BP-10 .. TMM201.5BP-15 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 

Note: Toshiba dO~S 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 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT STATIC RAMTMM2016BP-90, TMM2016BP-12 

SILICON MONOLITHIC 6 TMM2016BP 15 
N-CHANNEL SILICON GATE MOS PROCESS TM M201 B P -1 0, -

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 gOns/ 

1 OOns /120ns/150ns and maximum operating cur

rent of 50mA. When CS is logical high, the device is 

FEATURES 
• Access Time and Current 

~ 
Access Operating 

Part Time Current 
Number (Max.) (Max.) 

TMM20l6BP-90 90ns 50mA 

TMM20l6BP-l0 lOOns 50mA 

TMM20l6BP-12 120ns 50mA 

TMM20l6BP-15 l50ns 50mA 

PIN CONNECTION 

PIN NAMES 
Ao-A3 

A4-AlO 

CS 

WE 

1/01-1/08 

OE 

Vee 

GND 

Ali 

Ai 
AO 

VOl 

I/O<; 

I/o.:> 
lIN D 

Vee 
A8 

A9 

WE 
OJ<; 

Ala 

cs 
1/08 

1/07 

1/06 

1/00 
V04 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

Standby 
Current 
(Max.) 

5mA 

5mA 

5mA 

5mA 

--

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 

• Output Buffer Control OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge 

BLOCK DIAGRAM 
A4 

AfJ 
A6 MEMORY -oVcc 
Ar

/ CI!:LL ARRAY -oOND 
A8 (l28X16X8 ) 

A9 

AIO 

1/01 

1/02 
1/03 
1/04 

1/05 
1/06 
I/07 
1/08 

CS AO Al A2 A3 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TMM2016BP-15 

,MAXIMUM,·RATINGS 

SYMBOL ITEM 

Vee Power Supply Voltage 

VIN, VOUT Input/Output Voltage 

TOPR Operating Temperature 

TSTG Storage Terperature 

TSOLOER Soldering Temperature· Time 

Po Power Dissipation(Ta = 70'C) 

* - 3. OV at Pulse width 50ns 

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C) 

SYMBOL PARAMETER MIN 

VIH Input High Vovtage 2 0 

VIL Input Low Voltage -0 5·· 

Vee Power Supply Voltage 4.5 

* * - 3. OV at Pulse width 50ns 

D. C. CHARACTERISTICS (Ta=0-70'C, Vee=5V±10%) 

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV-.5.5V 

VOH Output High Voltage louT= -1 .0mA 

VOL Output Low Voltage louT=4.0mA 

CS=VIH or 
ILO Output Leakage Current WE=VIL or OE=VIH, 

VouT=OV-5.5V 

ISBP Peak Power-on Current CS=Vec louT=OmA 

ISB Standby Current CS=VIH louT=OmA 

lee Operating Current CS=VIL louT=OmA 

CAPACITANCE·" (Ta=25'C, f=1MHz) 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

* * * Note: This paramenter is periodically sampled and is not 100% tested 

- 8-10 -

RATING UNIT 

-0.5-7.0 V 

-0.5·-7.0 V 

0-70 'C 

-55-150 'C 

260·10 ·C·sec 

1.0 W 

TYP MAX. UNIT 

- Vee+1.0 V 

- O.B V 

5.0 5.5 V 

MIN TYP. MAX. UNIT 

-10 - 10 J.lA 

2.4 - - V 

- - 0.4 V 

-10 - 10 J.lA 

- - 10 mA 

- - 5 mA 

- - 50 mA 

MAX. UNIT 

5 pF 

10 pF 



TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10" TMM2016BP-15 

Read Cycle 

TMM2016BP-90 TMM2016BP-10 TMM2016BP-12 TMM2016BP-15 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC 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 Addres~ 
10 - 10 - 10 - 10 -tOH 

Change 
ns 

tCLl CS to Output in Low-Z 15 - 15 - 15 - 15 -
tCHZ CS to Output in High-Z - 40 - 40 - 40 - 55 

tOll OE to Output in Low-Z 5 - 5 - 5 - 5 -
tOHZ OE to Output in High-Z - 35 - 35 - 35 - 50 

tpu Chip Selection to power Up Time 0 - 0 - 0 - 0 -
Chip Deselection to Power Dowr 

50 - 50 60 60 tpo - - -
Time 

Write Cycle 

SYMBOL 
TMM2016BP-90 TMM2016BP-10 TMM2016BP-12 TMM2016BP-15 

PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

twc Write Cycle Time 90 - 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 

twR Write Recovery Time 0 - 0 - 0 - 0 -
tos Data Set Up Time 30 - 35 - 45 - 50 -

tOH Data Hold Time 0 - 0 - 0 - 0 -

twLl 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 & Cl = 100pF 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10" TMM2016BP-15 

""","",]MrN~',~~~~~~,~~,~""<'l 
• (A) READ CYCLE (1) (1) 

ADDRESSES 

tOLZ 

HIGH IMPEDANCE 

tOH 

DOUT OUTPUT DATA VALID 

UNKNOWN 

• (B) READ CYCLE (2) (1), (2)" 

tco 
CS ----

tOHZ 

tCLZ tcHZ 

DOUT 

SUPPLY 

HIGH 
IMPEDANCE 

CURRENT ISB -----

• (C) WRITE CYCLE (1) (3) 

ADDRESSES 

OUTPUT DATA VALID 

UNKNOWN 

twc 

tDS tDH 

DATA IN VALID 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-1 O~ TMM2016BP-15 

• (0) WRITE CYCLE (2) (3) 

ADDRESSES 

tcw 
CS ------~~~ 

twp 

tns 

D D~A IN __ - ______________________ ~ ~ ______________________ J 

HIGH IWPEDANCE ~ mWHZ 

HIGH IWPEDANCE ~t DOUT ~1_--------------------------------

NOTES: 
(1) The WE is high for read cycle. 

Device is continuously selected. CS=VIL in read cycle (1) 
(2) All adresses are valid perior to or simultaneously with CS transitions. 
(3) A write occurs during the overlap of low CS and low WE. 

The tcw 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. 

(5) 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. 

(A) tCLl. tOll. twLl ......... ...•.. ... ... ...... ... Output Enable Time 

(8) tCHZ. to HZ. twHZ .............................. Output Disable Time 

5V 

~.OE -- - - - --I-'-------------H-----------I 
1.81cQ 

DOUTo---t----+ 

IAI 191 
1.OkO 

HIOH IMPEDANCE 015V 
DOUT ----.....;;;=;.;;.....:;=-===-=:...-----ilf----+_ 0: 15V 

Fig. 1 Output load condition for enable disable time measurement. 
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TMM2016'BP-90, TMM2016BP-12 
TMM2016'BP-10. TMM2016Bp"15 

Unit: mm 

115.2~±025 J 

~ I 0.25-0.05 I 
• 15.3-17.4 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.24 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. 

t)Aup. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
2,048 WORD X 8 BIT CMOS STATIC RAM 

DESCRIPTION 

The TC551 7CP /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 5mA/MHz are 

FEATURES 

o Low Power Dissipation 
5mA/MHz (Max.) 
0.2}LA(MAX.) at Ta=25'C 
1.0}LA(MAX.) at Ta=60'C 

• 5V Single Power Supply 
• Low Voltage Operation: Voo = 3V 

tco= 1}Ls(MAX.) Ta=60'C 
• Wide Temperature Operation 

Ta= -40-85'C 
• Fully Static Operation 

Operating 
Standby 
Standby 

• Data Retention Voltage: 2.0V-5.5V 
o Output Buffer Control: OE 

PIN CONNECTION (TOP VIEW) 

A7 VDD 
A6 A8 
A5 A9 
A4 4 ww 
A3 5 BE 
A2 6 AI0 
Al 7 CE 
AO 8 1/08 

1/01 9 1/07 
1/02 10 1/06 
1/03 11 1/05 

OND 12 1/04 

PIN NAMES 

Ao-AlO Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE Chip Enable Input 

1/01-1/08 Data Input/Output 

Vaa Power (+5V) 

GND Ground 

TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF -15/CFL -15/CF -20/CFL -20 

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 TC551 7CPL!CFL guar
anteed a standby current epual to or less than 1}LA at 
60'C ambient temperature available. And the 
TC5517CP/CPL is pin compatible with 2716 type 
EPROM. This means that the TC551 7CP /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 Ti me 

----~ 
TC5517CP-15/CPL-15 TC5517CP-20/CPL-20 

TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 

Address Access 
150ns 200ns 

Time (MAX.) 

CE Access Time 
150ns 200ns 

(MAX.) 

OE Access Time 
70ns 100ns 

(MAX.) 

• Directly TIL Compatible: All Inputs and Outputs 
.24 Pin Standard Plastic Package TC5517CP 
.24 Pin Flat Package : TC5517CF 

BLOCK DIAGRAM 

A4 
A5 
A6 
A7 
A8 
A9 

AlO 
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TC5517CP-15ICPL-15ICP-20ICPL-20 
TC5517CF-15ICFL-15ICF-20ICFL-20 

OPERATION MODE 

MODE CE bE 

Read L L 

Write L * 
Output Deselect L H 

* * Standby H * 
Note: * : H or L * * : DataRetention Mode 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VLO Input/Output Voltage 

Po Power Dissipation(Ta = 85'C) 

TSTG Storage Temperature 

TOPR Operating Temperature 

TSOLOER Soldering Temperature·Time 

·Plastlc FP=0.45W 

R/W Ao-AIO -1 1/01 -1/08 

H Stable -, Data Out 

L St3ble I Data In 

H * 
, High Impedance 

* * 
, High Impedance 

RATING 

-0.3-7.0V 

-0.3V-voo+0.3V 

-0.3V-Voo+0.3V 

0.8W(0.45W)· 

-55'C-150'C 

-40'C-85'C 

260·C·l0sec. 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta=-40-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

Voo Power Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.2 - Voo+0.3 

VIL Input Low Voltage -0.3 - 0.8 

VOH Data Retention Voltage 2.0 - 5.5 
'---

D. C. CHARACTERISTICS (Ta=-40-85'C, Voo= 5V± 10%) 

POWER 

1000 

1000 

1000 

10Ds 

UNIT 

V 

V 

V 

V 

TC5517CP-15 TC5517CP-20 

SYMBOL PARAMETER CONDITIONS CF-15 CF-20 UNIT 

MIN. MAX. MIN. MAX. 

IlL Input Leakage Current O~VIN~Voo - ±1.0 ±1.0 J.lA 

ILO I/O Leakage Current CE=VIH, OV~VI!O~VOO - ±5.0 ±5.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - -1.0 - mA 

IOL Output Low Current, VOL=0.4V 2.0 _. 2.0 - mA 

100Sl CE2=2.2V - 3.0 - 3.0 mA 

CE~Voo-O. 5V 
TC5517CPL/ Ta=25'C - 0.2 - 0.2 

CFL Ta=60'C - 1.0 - 1.0 

100s2 Standby Current Ta=25'C - 1.0 - 1.0 J.lA 
TC5517CP/ 

Ta=60'C 5.0 5.0 - -
CF 

Ta=85'C - 30 - 30 

10001 tcycle=Min. cycle, VIN = VIH/VIL - 45 30 

10002 CE=OV, 10uT=OmA VIN=Voo/GND - 40 25 
Operating Current mA 

10003 tcycle= 1 J.ls, VIN = VIH/VIL - 10 - 10 

10004 
-

V'N=Voo/GND 5 5 CE=OV, 10uT=OmA - -

Note: Typical values are at Ta=25'C, Voo=5V. 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 

CAPACITANCE 

SYMBOL PARAMETER MIN. TYP. MAX. 

CIN Input Capacitance - 5 10 

CI/O Input/Output Capacitance - 5 10 

Note: This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta= -40-B5'C. Voo=5V± 10%) 

Read Cycle 

TC551 7CP-l 5/CPL-l 5 TC5517CP-20/CPL-20 

SYMBOL PARAMETER TC551 7CF-l 5/CFL-l 5 TC5517CF-20/CFL-20 

MIN. MAX. MIN. MAX, 

tRC Read Cycle Time 150 - 200 '-'-

tACC Address Time - 150 - 200 

tOE OE to Output Valid - 70 - 190 

teo CE to Output Valid - 150 - 200 

tcOE CE or OE to Output Active 10 - 10 -

too Output High-Z from Deselection - 50 - 60 

tOH Output Hold from Address Change 15 - 20 -

Write Cycle 
TC5517CP-15/CP~15 TC5517CP-20/CPL-20 

SYMBOL PARAMETER TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 

MIN. MAX. MIN. MAX. 

twc Write Cycle Time 100 - 200 -

twp Write Pulse Width 120 - 150 -
tAW Address Set up Time 0 - 0 -
tWR Write Recovery Time 0 - 0 -

to ow Output High-Z from R/W - 50 - - 60 

tOEW Output Active from R/W 10 - 10 -

tos Data Set up Time 60 - BO -

tOH Data Hold Time 0 - 0 -, -

A. C. TEST CONDITIONS 

Output Load : 1 OOpF + 1 TIL Gate Timing Measurement Reference Levels 

Input Pulse Levels: 0.6V. 2.4V Input: O.BV and 2.2V 

Output: b.BV and 2.2V 

Input Pulse Rise and Fall Times 10ns 

3V OPERATE SPECIFICATION 
D. C. RECOMMENDED OPERATING CONDITIONS (Ta= -1 0-60'C) 

SYMBOL PARAMETER MIN. TYP MAX. 

Voo Power Supply Voltage 2.7 3.0 3.3 

VIH Input High Voltage Voo-O,2 - Voo 

VIL Input Low Voltage 0 - 0.2 
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UNIT 

pF 

pF 

UNITS 

ns 

UNITS 

ns 
ns 

UNIT 

V 

V 

V 



TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517C~15/CF~15/C~20/CF~20 

D.C. CHARACTERISTICS (Ta= -1 0-60'C) 
--

SYMBOL PARAMETER CONDIOIONS MIN. 
'---._--

TYP. MAX. UNIT 
--f-----f--

IlL Input Leakage Current OV~VIN~VOO -- -
---r-

1L0 Output Leakage Current CE=VIH, OV~VIO~VOO - -

-- -------r---.-
IOH Output High Current VOH=Voo-0.2V -100 -

IOL Output Low Current VOL=0.2V 100 -

TC5517CPL/ Ta=25'C - -
---------

CFL Ta=60'C - -
loos Standby Current CE:,::VIH 

TC5517CP/ Ta=25'C - -
-

CF Ta=60'C - --

CE=OV, tcycle= lpsec - 2.0 
1000 Operating Current lour=OmA 

tr, tf~ 20nsec' tcycle= 10psec - 0.3 

• All voltage is measured from GND. 

A. C. CHARACTERISTICS (Ta=-1O-60'C, Voo=3V±10%) 

Read CYCLE 

SYMBOL PARAMETER MIN. TYP. 

tRC Read Cycle Time 1000 -

tACC Address Access Time - 250 

tOE OE to Output Valid - 80 

teo CE to Output Valid - 250 

tCOE CE or OE Output Active 10 -

too Output High-Z Deselectlon - -

I tOH Output Hold from Address Change 20 -

WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAW Address Set up Time 

tWR Write Recovery Time 

toow Out[)ut High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set up Time 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

c Output Load 

o Input Pulse Levels 

c Timing Measurement Level 

o 

o Input Pulse Rise and Fall Times 

: 100pF (Include Jig) 

0.2V, Voo-0.2V 

In p ut: 1. 5 V , 1. 5 V 

Output: 1.5V ,1.5V 

~20ns 
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MIN. TYP. 

1000 -

500 -

100 -

100 -

- -

10 -

400 -

50 -

±1.0 

±5.0 

-

-

0.2 
1-------

1.0 

1.0 

5.0 

3.0 

0.5 

MAX. 

-

1000 

200 

1000 

200 

-

MAX. 

-

-

-

-

200 

-

-

-

--
pA 

pA 
I ----

pA 

pA 

pA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 
.--

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS 

• Read Cycle 

ADDHESSES 

o Write Cycle 1 (2) 

o Write Cycle 2 (2) 

ADDRESSES 

H/W 

DOUT 

~: UNKNOWN 

TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517 CF-15/CFL-15/CF-20/CFL-20 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFl-20 

Note: 
1. R/W is high for a Read Cycle. 
2. OE=VIH or VIL. If, OE=VIH during write cycle, the output buffers remain in a high impedance state. 
3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 
4. tOH, 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= -40-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Power Supply Voltage 2.0 - 5.5 V 

Ta=25'C - 0.005 0.2 
TC5517CPL/CFL 

Ta=60'C 1.0 - -

loos2 Standby Current Ta=25'C - 0.05 1.0 J1.A 

TC5517CP/CF Ta=60'C - - 5.0 

Ta=85'C - - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - -
ns 

tR Recovery Time tRc( 1) __ - -

Note: 
1. tRC: Read Cycle Time 

DATA RETENTIUN MGD~ 

VDD- O.5V 

VIL----J 

GND-----------------------------------------------------------------------

Note: 
2. If the VIH level of CE is 2. 2V, durin ~ the period that the Voo voltage is going down from 4. 5V to 2. 7V loos 1 current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 

TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517C~15/CF~15/C~20/CF~20 

24 23 22 21. m 19 18 17 16 15 14 13 

Z 
H 
::s 
tQ 
o 

1 2 3 4 5 6 7 8 9 10 11 12 

2.54± 0.25 0.2MAX. 

§ 
I O.25±O.05 I 

1 7.4 MAX • 

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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TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 

• Plastic FP 

24 23 22 21 20 19 18 17 16 15 14 13 

RO.64 

II 0.43±0.05 1.27.t 0.1 

16.5MAX. 

Note: Each lead pitch is 1.27mm. 

N 
ci 
H 
aJ 
ai 

0- 1.27 

r
aJ 
ci 

o. 5± 0.05 

All leads are located within 0.1 mm 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. 

Flat pacpage 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of this packAge 
Small dimensions 

Unit: mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capability of High Density Assembly 
Capability of thin Assembly-Capability of 
Assembly on both side of PC board. 

4. PC pattern layout example. 

~ I :-... /. ~ 

~ 

~ 
=.t'/. 

!0 J'/. - II 1\ 

~Cs 
~ 

=~C§: 'C)\ 
~ =-,'/'. 

~~ 
~--= ~ =---.; 

= ~ ;'l: ~ 

-n II d ~ II 

Ii II II 
II II II 

II II 
"C"R .1;;.0 

TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 

2. Comparison in occupied space. 

DIP 

FP 

VUD LINE 

tr-~ 

~ ,.-- ~ "--

..(0 
aJ "" I,{) I,{) 

C\I C\l 
0 0 

1-
r.:..:- .... 

aJ 
I,{) 

C\I 
0 

II I 11 .0 !'-

:1 ~ i: OND LINE ..... 

OE (mm) 
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TC5517Cp-15/CPL-15/Cp-20/CPL-20 
TC5517CF-15/CFL-15/CF-20/CFL-20 

Note' Toshiba does not assume any responsibility for use of any CirCUitry described; no CirCUit patent licenses are Implied, and Toshiba reserves the fight, at any time 
Without notice, to change said circuitry 

~ May, 1986 Toshiba Corporation 

- 8-24 -



TOSHIBA MOS MEMORY PRODUCT 
2,048 WORD X 8 BIT CMOS STATIC RAM 

DESCRIPTION 

The TC551 8CP /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, CE1 
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 
5mA/Max. 
0.2,uA(MAX.) at Ta=25·C 
1 .0,uA(MAX.) at Ta=60·C 

• 5V Single PowerSupply 
• Low Voltage Operation: VOC' = 3V 

teol. 2 = 1 ,us(MAX.) Ta = 60·C 
• Wide Temperature Operation 

Ta = -40-85·C 
• Fully Static Operation 

Operating 
Standby 
Standby 

• Data Retention Voltage: 2.0V-5.5V 
• Two Chip Enables (CE 1 , CE2) 

Simple Memory Expansion and Battery Back Up 

PIN CONNECTION (TOP VIEW) 

A7 

A6 

A5 

A4 
A3 

A2 
Al 

1/ '01 

1/ 02 

1/03 

OND 

PIN NAMES, 

Ao-Alo 

R/W 

CE1, CE2 

1/0 1 -1/08 

Voo 

GND 

VDD 
AS 

A9 

R/ W 

Ci':l 

AIO 

8i';2 

1/08 

1,/07 

1/06 
1/05 
1/04 

Address Inputs 

Read/Write Control Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 

TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF -15/ CFL -15/ CF -20/ CFL -20 

Thus the TC5518CP /CF is most suitable for use in . 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5518CPL/CFL guaranteed a· 
standby current epual to or less than 1,uA at 60·C 
ambient temperature available. And the TC5518CP/ 
CPL is pin compatible with 2716 type EPROM. This 
means that the TC5518CP /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 

~ 
TC5518CP-15/CPL-15 TC5518CP-20/CPL-20 

TC5518CF-15/CFL-15 TC5518CF-20/CFL-20 I 
Address Access 

150ns 200ns 
Time (MAX.) 

CE1 Access Time 
150ns 200ns 

(MAX.) 

CE2 Access Time 
150ns 200ns 

(MAX.) 

• Directly TIL Compatible: All Inputs and Outputs 
.24 Pin Standard Plastic Package TC5518CP 
.24 Pin Flat Package : TC5518CF 

BLOCK DIAGRAM 

A4 
Ab 
A6 
A7 
Afj 

A9 
AIO 

R, W o------,....~ 

GEL 
CI':Z 

--
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL -20 

OPERATION MODE 

MODE CE2 CEi 

Read L L 

Write L L 

* * Standby 1 * H 

* * Standby 2 H * 
Note: * : H or L * * : Data Retention Mode 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

V,N Input Voltage 

V,O Input/Output Voltage 

Po Power Dlssipation(Ta = 85°C) 

TSTG Storage Temperature 

TOPR Operating Temperature 

TSOLO~R Soldering Temperature· Time 

'Plastlc FP=0.45W 

R/W Ao-AlO 1/0,-1/08 

H Stable Data Out 

L Stable Data In 

* * High Impedance 

* * High Impedance 

RATING 

-0.3-7.0V 

-0. 3V-Voo+0. 3V 

-0.3V-Voo+0.3V 

0.8W(0.45W)· 

- 55°C-l 50'C 

-40°C-85°C 

260'C·l Osec. 

RECOMMENDED D. C. OPERATING CONDITIONS (Ta= -40-85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

\'!oo Power Supply Voltage 4.5 5.0 5.5 

V,H Input High Voltage 2.2 - Voo+0.3 

V,L Input Low Voltage -0.3 - 0.8 

VOH Data Retention Voltage 2.0 - 5.5 

D. C. CHARACTERISTICS (Ta=-40-85°C. Voo=5V±10%) 

POWER 

1000 

1000 

loos 

loos 

UNIT 

V 

V 

V 

V 

TC5518CP-15 TC5518CP-20 

SYMBOL PARAMETER CONDITIONS CF-15 CF-20 UNIT 

MIN. MAX. MIN. MAX. 

I,L Input Leakage Current O£V,N£VOO - ±1.0 - ±1.0 J.lA 

ILO I/O Leakage Current CE2 =V,H. OV£V, o£Voo - ±5.0 ±5.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - -1.0 - mA 

10L Output Low Current VOL=0.4V 2.0 - 2.0 - mA 

loos, CE t = 2. 2V or CE 1 = 2. 2V - 3.0 - 3.0 mA 
- TC5518CPL/ Ta=25°C - 0.2 - 0.2 Cb =Voo 
-0.5Vor CFL Ta=60'C - 1.0 - 1.0 

100s2 Standby Current 
CE;" =Voo 

Ta=25°C - 1.0 - 1.0 J.lA -0.5V 
Voo=2-

TC5518CP/ 
Ta=60°C - 5.0 - 5.0 

CF 
5.5V Ta=85°C - 30 - 30 

1000' tcycle= Min. cycle. V,N=V,H/V,L - 45 30 
- -

VIN=Voo/GND 40 25 10002 eEl =Cb =OV. lour=OmA -
Operating Current 

tcvcl e = 1J.ls. CEi' = 
mA 

10003 V,N = V,H/V,l '- 10 - 10 

1000'1 Cb =OV. 10uT=OmA VIN=Voo/GND - 5 - 5 

Note: Typical values are at Ta=25 c C. VDo=5V. 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518C~15/CF~15/C~20/CF~20 

CAPACITANCE 

SYMBOL PARAMETER MIN. 

CIN Input Capacitance 

COUT Input/Output Capacitance 

Note: This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta= -40-85'C, Voo= 5V± 1 0%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CEl to Output Valid 

tC02 CE2 to Output Valid 

tCOE CE 1 or CE2 to Output Active 

too Output High-Z Deselection 

tOH Output Hold from Address Change 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAW Address Set up Time 

tWR Write Recovery Time 

toow Output High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set upTime 

tOH Data Hold Time 

A. C. TEST CONDITIONS' 

Output Load 

Input Pulse Levels 

Timing Measurement Reference Levels 

: 1 OOpF + 1 TIL Gate 

: 0.6V, 2.4V 

Input: O. 8V and 2. 2V 

Output: 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10ns 

3V OPERATE SPECIFICATION 

TC551 8CP-l 5/CPL-l 5 
TC5518CF-15/CFL-15 

MIN. MAX. 

150 -
- 150 

- 150 

- 150 

10 -

- 50 

15 -

TC5518CP-15/CPL-15 
TC5518CF-l 5/CFL-l 5 

MIN. MAX. 

150 -

120 -

0 -

a -

- 50 

10 -
60 -
a -

D. C. RECOMMENDED OPERATING CONDITIONS (Ta= -1 0-50·C) 

-
-

SYMBOL PARAMETER MIN. TYP. 

Voo Power Supply Voltage 2.7 3.0 

VIH Input High Voltage Voo-0.2 -

VIL Input Low Voltage 0 -

- 8-27 -

TYP. MAX. UNIT 

5 10 pF 

5 10 pF 

TC5518CP-20/CPL-20 
TC5518CF-20/CFL-20 UNIT 

MIN. MAX. 

200 -
- 200 

- 200 

- 200 ns 

10 -
- 60 

20 -

TC5518CP-20/CPL-20 
TC5518CF-20/CFL-20 UNIT 

MIN. MAX. 

200 -

150 -

0 -

0 -
ns 

- 60 

10 -

80 -
0 -

MAX. UNIT 

3.3 V 

Voo ,V 

0.2 V 



TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

SYMBOL PARAMETER CONDIOIONS 

IlL Input Leakage Current OV~VIH~VOO 

MIN. 

ILO Output Leakage Current CE1. 2=VIH. OV~VI/O~VOO 

10H Output High Current VOH=Voo-0.2V 

10L Output Low Current VOL=0.2V 

TC5518CPL/ 

loos Standby Current CIT =CE2 =VIH 
CFL 

TC5518CP/ 

CF 

Ta=25·C 

Ta=60·C 

Ta=25·C 

Ta=60·C 

CIT.2=OV. !cycle = 1 J.l sec 
1000 Operating Current 10uT=OmA 

tr. tf~20nsec tcycle= 10J.lsec 

• All voltage is measured from GND. 

. (Ta=-10-60·C. Voo=3V±10%) 

Read CYCLE 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Address Access Time 

teol CE 1 to Output Valid 

teo2 CE2 to Output Valid 

teoE CE 1 or CE2 Output Active 

too Output High-Z Deselection 

tOH Output Hold from Address Change 

WRITE CYCLE 

SYMBOL PARAMETER 

twe Write Cycle Time 

twP Write Pulse Width 

tAw Address Set up Time 

twR Write Recovery Time 

toow Output High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set up Ti me 

tOH Data Hold Time 

Output Load 

Input Pulse Levels 

Timing Measurement Level 

Input Pulse Rise and Fall Times 

: 100pF (Include Jig) 

0.2V. Voo-0.2V 

Input: 1. 5V • 1. 5V 

Output: 1.5V .1.5V 

~20ns 
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MIN. 

1000 

-
-

-

10 

-
20 

MIN. 

1000 

500 

100 

100 

-

10 

400 

50 

TYP. MAX. UNIT 

- - ±1.0 J.lA 
- - ±5.0 J.lA 

-100 - - J.lA 

100 - - J.lA 
- - 0.2 

- - 1.0 

1.0 
J.lA - -

- - 5.0 

- 2.0 3.0 
mA 

- 0.3 0.5 

TYP. MAX. UNIT 

- - ns 

250 1000 ns 

250 1000 ns 

250 1000 ns 

- - ns 

- 200 ns 

- - ns 

TYP. MAX. UNIT 

- - ns 

- - ns 

- - ns 

- - ns 

- 200 ns 

- - ns 

- - ns 

- - ns 



"TIMING WAVEFORMS 

• Read Cycle 

ADDRESSES 

DOUT 

• Write Cycle 1 (2) 

• Write Cycle 2 (2) 

~: UNKNOWN 

TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

Note: 
1. R/W is high for a read Cycle. 
2. twp is specified as logical "ANO"of eEl, CEz and R/W. 

twp is measured from the latter of CE 1. CE2 or R/W going low to the earlier of eEl, CEz or R/W going high. 
3. tOH, tos are measured from the earlier of cr" CEz or R/W going high. 
4. If the eEl or CE2 low transition occurs simultaneously 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. 
5. If the eEl or CE2 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. 
6. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the cr, or CE2 low transition, the 

output buffers remain in a high impedance state in this peried. 
7. A write occurs during the overlap of a low CE" low CEz and low R/W. 

In write cycle 2, write is controlled by either cr, or CEz. 

DATA RETENTION CHARACTERISTICS (Ta= -40-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Power Supply Voltage 2.0 - 5.5 V 

Ta=25'C - 0.005 0.2 
TC5518CPL/CFL 

Ta=60'C 1.0 - -

100s2 Standby Current Ta=25'C - 0.05 1.0 flA 

TC5518CP/CF Ta=60'C - - 5.0 

Ta=85'C - - 30 

teoR From Chip Deselection to Data Retention Mode 0 - - flS 

tR Recovery Time tRc( 1 ) - - ns 

Note: 
1. tRC: Read Cycle Time 

Vnn --------------__ 
DA TA RETENTION MODE 

eEl or CE2 

vnD - O.5V 

VIL ____ ..J 

GND-------------------------------------------------------------------------

2. If the VIH level of CE2 (CE,) is 2. 2V, during the period that the Voo voltage is going down from 4. 5V to 2. 7V, loos, 
current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 

TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518C~15/CF~15/C~20/CF~20 

24 23 22 21 20 19 18 17 16 15 14 13 

1 2 3 4 5 6 7 8 9 10 11 12 

0.2 MAX. 

Note: Each lead pitch is 2. 54mm. 

~ 
B 
I 17.4 MAX. I . . 

All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.24 leads. 
All dimensions are in millimeters. 

- 8-31 -



TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

• Plastic FP 

24 23 22 21 20 19 18 '17 16 15 14 13 

.j I 0.43:10.05 1.27:tO.1 

16.5MAX. 

Note: Each lead pitch is 1.27mm. 

CIl 
ci 
tt 

CD 
ai 

0-1.27 II 0.15:t 0.05 

All leads are located within O. 1 mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and this 
compared with conventional standard dual-in-line 
package. Differences 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 

Width 9.0 

Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of this package 
Small dimensions 
Capability of High Density Assembly 
Capability of thin Assembly --

32.4 

14.2 

2.54 

5 

Capability of Assembly on both side of PC board 

4. PC pattern layout example 

Ii 
'I 

:; 
I 

FP 

VUD LINE 

fr -.;:-= :-... /- :--: :-. 

~ :::::;---- ..... ~'--

~ 
=- II =-'--=-

II 

~~= ~(O= 
...----. =-

(O\~ 
co ... 

=.(0 ll) ll) 

N ~ 
0 0 

--=-r--~ - -=:.r....,:: 
~ co 

~ ll) 

= S.: N 
0 

/...-: ~ 

-ro rr ~ II II II II I 11.5 r--I 

;: 0 
II ;: GND LINE 

N 
II .....; 
II II II I, 
II I, 

CE2 CEI 
l~.O mm 
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TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

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. 

'C~ May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT STATIC RAM 
N·CHANNEL SILICON GATE MOS 

TMM2063P-10, TMM2063P-12 
TMM2063P-15 

DESCRIPTION~ 

The TMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 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 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CS, is a logical high or CS2 is a logical 
low, the device is placed in a low power standby 

FEATURES« 

• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max.) (Max.) (Max.) 

TMM2063p·1O lOOns 80mA lOrnA 

TMM2063P-12 l20ns 80mA lOrnA 

TMM2063P-15 l50ns 80mA lOrnA 

• High Density Assembly Capability: 0.3 inch 
width package (28 pin plastic DIP) 

PIN CONNECTION 

N.C. 1 28 Vee 
A12 2 27 WI!: 

A7 3 26 eS2 
Ati 4 25 At3 
A5 :) 24 A~ 
.'\4 0 23 All 
A3 7 22 OE 
A2 8 21 AI0 
Al ~ 20 eSl 
lvJ 10 1~ 1/08 

1/01 11 18 1/07 
1/02 1<: 17 1/00 
1/03 13 16 1/05 

UND 14 15 1/04 

PIN NAMES 

SYMBOL NAME 

Ao-A4 Column Address Inputs 

A5-A,2 Row Address Inputs 

CS,. CS2 Chip Select Inputs 

WE Write Enable Input 

I/O,-I/Oa Data Input/Output 

OE Output Enable Input 

Vee Power (+5V) 

GND Ground 

N. C. Nu Connection 

mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. moreover, suitable 
for use in high density ~ssembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 

• Single 5V Power Supply 
• Fully Static Operation 
o Power Down Feature: CS" CS2 
o Output Buffer Control: OE 
o Three State Outputs 
• All Inputs and Outputs: Directly TIL Compatible 
• Inputs Protected: All inputs have protection 

against static charge 

... BI..()Ci<6iAGRAM 

A5 o--t--a:::::::r::::J 
A 6 o-+--a::::::I:=:.:J 

A12 o--t--a::::::I:=:.:J 

I/01 0--+---1 

V08W 

eS2 
CsT 

8-35 -
~---CB 

llEUORY e ELL 

ARRAY 
256)(32)(8 

(65536) 

---0 Vee 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 

MAXIMUM RATINGS 

SYMBOL ITEM 

Vee Power Supply Voltage 

VIN. VOUT Input/Output Voltage 

TOPR Operating Temperature 

TSTG Storage Temperature 

TSOLOER Soldering Temperature' Time 

Po Power Dissipation (Ta=70'C) 

* - 3. OV at Pulse width 50ns 

D. C'. RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C) 

SYMBOL PARAMETER MIN. 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.5·· 

Vee Supply Voltage 4.5 

tc * - 3. OV at Pulse width 50ns 

D. C. CHARACTERISTICS , (Ta=0-70'C. Vee=5V±10%) 

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV-5.5V 

VOH Output High Voltage louT= -1 .0mA 

VOL Output Low Voltage louT=2. 1 mA 

CS1=VIH or CS2 =VIL or 
ILO Output Leakage Current WE=VIL or OE=VIH. 

VouT=OV-5.5V 

ISBP Peak Power-on Current 
CSI =Vee. CS2=OV 
louT=OmA 

ISB Standby Current 
CSI =VIH or CS2 =VIL. 
louT=OmA 

Icc Operating Current 
CSI =VIL. CS2.=VIH. 
louT=OmA 

CAPACITANCE"· (Ta=25'C. f=1.0MHz) 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VIN=OV 

* * * Note: This parameter is periodically sampled and is not 100% tested. 
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RATING UNIT 

-0.5-7.0 V 

-0.5·-7.0 V 

0-70 'C 

-55-150 'C 

260·10 'C·sec 

0.8 W 

TYP. MAX. UNIT 

- Vee+ 1.0 V 

- 0.8 V 

5.0 5.5 V 

MIN. TYP. MAX. UNIT 

-10 - 10 J.lA 

2.4 - - V 

- - 0.4 V 

-10 - 10 J.lA 

- - 20 mA 

- - 10 mA 

- - 80 mA 

MAX. UNIT 

5 pF 

10 pF 



TMM2063P-10, TMM2063P-12 
TMM2063P-15 

A. C. CHARACTERISTICS (Ta=0-70·C. VCC= 5V± 1 0%) 

Read Cycle 

SYMBOL 
TMM2063P-10 TMM2063P-12 TMM2063P-15 

PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 100 - 120 - 150 -

tAcc Address Access Time - 100 - 120 - 150 

tCOI CSI Access Time - 100 - 120 - 150 

tC02 CS2 Access Time - 100 - 120 - 150 

tOE OE Access Time - 40 - 50 - 60 

tOH Output Data Hold Time from Address Change 10 - 10 - 10 -
ns 

tClZ CSI or CS2 to Output in Low-Z 10 - 10 - 10 -

tCHZ CSI or CS2 to Output in High-Z - 40 - 40 - 55 

tOlZ OE to Output in Low-Z 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 50 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tpo Chip Deselection to Power Down Time - 50 - 60 - 60 

Write Cycle 

SYMBOL 
TMM2063P-10 TMM2063P-12 TMM2063P-15 

PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

twc Write Cycle Time 100 - 120 - 150 -

tcw Chip Selection to End of Write 80 - 100 - 120 -

tAs Address Set Up Time 10 - 10 - 10 -

twp Write Pulse Width 70 - 85 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

tWlZ WE to Output in Low-Z 5 - 5 - 5 -

tWHZ WE to Output in High-Z - 30 - 35 - 40 

A. C. TEST CONDITIONS 

Input Pulse Levels VIH=2.2V. Vll=0.6V 

Input Rise and Fall Time 10ns 

Input and Output Reference Levels 1.5V 

Output Load 1 TIL Gate & Cl=100pF 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 

,. ··TIMiNGW~YEfORMS' 
• READ CYCLE (1) 

ADDRESSES 

CS2 

HIGH 
DOUT IMPEDANCE OUTPUT DATA VALID 

o WRITE CYCLE 1 (4) (WE Controlled Write) 

twc 
ADDRESSES 

t 



TMM2063P-1·0, TMM2063P-12 
TMM2063P-15 

• WRITE CYCLE 2 (4) (CS 1 Controlled Write) 

twc 

tcw 

tWHZ(5) 

HIGH IMPEDANCE 

tDS tDH 

tpu 
SUPPLY ICC ------------------- ,-------.:...--""'\1 

CURRENT ISB ----_____ -J1 

• WRITE CYCLE 3 (4) (CS2 Controlled Write) 
twc 

tcw 

tcw 

tCLZ(5) 

HIGH IllPEDANCE 
DaUT 

DATA III STABLE 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 

Note: 
1 .. WE is High for Read Cycle. 
2. Assuming that CS, Low transition or CS2 High transition occurs coincident with or after WE Low transition. Outputs 

remain in a high impedance state. 
3. Assuming that CS, High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 
5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tClZ. tOlZ. twLZ···············Output Enable Time 
(8) tCHZ. tOHZ. twHZ···············Output Disable Time 

.l I'-
., 

.. 

5V 

., -'~ DOUT 0----....-----... 
(A) (S) 

_L 
HIGH IKPEDANCE 4O.15V ~~;~V IMPEDANCE 

..l~0.15V LLO.115v 
t 

'Fig. 1 Output load condition for enable disable time measurement. 

ounINE"DRAWINGS 

Unit: DID 

1 2 3 4 5 6 7 a 9 10 11 12 13 14 

35.5KAX 

i'~~O'~ __________________ +-________________ -=~0~2~Y~U~. 

'l~ 
2.54±0.25 

0.5±0.15 

l.akO 

l.OkO 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 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. 

tC)Aug., 1985 Toshiba Corporation 

- 8-40 -



TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

TMM2064P-10, TMM2064P-12 
TMM2064P-15 

DESCRIPTION 

The TMM2064P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 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 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CS, is a logical high or CS2 is a logical 

FEATURES 

• Access Time and Current 

~r Access Operating 
Part Time Current 
Number (Max.) (Max.) 

TMM2064P-10 100ns SOmA 

TMM2064P-12 120ns SOmA 

TMM2064P-15 150ns SOmA 

PIN CONNECTION 

N.C. 
A12 

A7 
A6 
A5 
A4 
A3 7 
A2 8 
Al 9 
AO 10 

I/Ol 11 
I/02 12 
I/03 13' 

GND 14 

PIN NAMES 

SYMBOL 

Ao-A4 

A5-A,2 

CS" CS2 

WE 

1/0;-1/08 

OE 

Vee 

GND 

N. C. 

rtC 

CS2 
A8 
A9 
All 
OE 
AIO 
CST 
I/08 
I/07 
I/06 
I/05 
I/04 

NAME 

Column Address Inputs 

Row Address Inputs 

Chip Select Inputs 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

No Connection 

Standby 
Current 
(Max.) 

10mA 

10mA 

lamA 

low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli
ability. 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS, CS2 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TIL Compatible 
• Inputs Protected: All inputs have protection 

against static charge. 

BLOCK DIAGRAM 

A5 o--+--u::::r=::J 
A 6 o----t---LZ--I---I 

A 7 v---r-"1.L--I---I 

A8 V--~'..L.-'---' 
A':) v---r--, .L----'----' 

AlO u----r-.,...".-I---I 

All u---t--"LoI!--I---I 

Al2 v----r-"t.oI!--I---I 

OEo-----~ 
CS2 
CST J-4----CE 

--<:l Vee 
----0 GND 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 

SYMBOL ITEM 

Vee Power Supply Voltage 

VIN. VOUT Input/Output Voltage 

TOPR Operating Temperature 

TSTG Storage Temperature 

TSOLDER Soldering Temperature· Time 

Po Power Dissipation (Ta = 70·C) 

* - 3 . OV at Pulse width 50ns 

D.C.'REcoMMENDEDOP~RAtING'COI\IDITIONS ,(Ta=0-70·C) 

SYMBOL PARAMETER MIN. 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.5·· 

Vee Supply Voltage 4.5 

* * - 3. OV at Pulse width 50ns 

"rl:c~ CHARACTERiSTics (Ta=0-70·C. Vee=5.0V± 1 0%) 

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV-5.5V 

VOH Output High Voltftge louT= -1 .0mA 

VOL Output Low Voltage louT=2. 1 mA 

CS, =VIH or CS2 =VIL or 
ILO Output Leakage Current WE=VIL or OE=VIH. 

VouT=OV-5.5V 

Issp Peak Power-on Current 
CS, =Vee. CS2 =OV 
louT=OmA 

Iss Standby Current 
CS, =VIH or CS2 =VIL. 
louT=OmA 

Icc Operating Current 
CS, =VIL. CS2 =VIH. 
louT=OmA 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance I VIN=OV 

COUT Output Capacitance VIN=OV 

* * * Note: This parameter is periodically sampled and is not 100% tested. 

- 8-42 -

RATING UNIT 

-0.5-7.0 V 

-0.5·-7.0 V 

0-70 ·C 

-55-150 ·C 

260· 10 'C·sec 

1.0 W 

TYP. MAX. UNIT 

- Vee+ 1.0 V 

- 0.8 V 

5.0 5.5 V 

MIN. TYP. MAX. UNIT 

-10 - 10 J.lA 

2.4 - - V 

- - 0.4 V 

-10 - 10 J.lA 

- - 20 mA 

- - 10 mA 

- - 80 mA 

MAX. UNIT 

5 pF 

10 pF 



TMM2064P-10, TMM2064P-12 
TMM2064P-15 

A. C. CHARACTERISTICS (Ta=0-70·C. Vcc= 5V± 1 0%) 

Read Cycle 

TMM2064P-l0 TMM2064P-12 TMM2064P-15 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 100 - 120 - 150 -

tACC Address Access Time - 100 - 120 - 150 

tco, CS, Access Time - 100 - 120 - 150 

tC02 CS2 Access Time - 100 - 120 - 150 

tOE OE Access Time - 40 - 50 - 60 

tOH Output Data Hold Time from Address Change 10 - 10 - 10 -

tClZ CS, or CS2 to Output in Low-Z 10 - 10 
ns 

- 10 -

tCHZ CS, or CS2 to Output in High-Z - 40 - 40 - 55 

tOlZ OE to Output in Low-Z 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 50 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tpo Chip Deselection to Power Down Time - 50 - 60 - 60 

Write Cycle 

SYMBOL PARAMETER 
TMM2064P-l0 TMM2064P-12 TMM2064P-15 

UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

twc Write Cycle Time 100 - 120 - 150 -

tcw Chip Selection to End of Write 80 - 100 - 120 -

tAs Address Set Up Time 10 - 10 - 10 -

twp Write Pulse Width 70 - 85 - 100 - ns 

twR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

twLZ WE to Output in Low-Z 5 - 5 - 5 -

twHZ WE to Output in High-Z - 30 - 35 - 40 

Input Pulse Levels VIH=2.2V. Vll=O.6V 

Input Rise and Fall Time 10ns 

Input and Output Reference Levels 1.5V 

Output Load 1 TIL Gate & Cl= 100pF 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 

TIMING WAVEFORMS 

• READ CYCLE (1) 

ADDRESSES 

CS2 

o WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

CS2 

twc 

OUTPUT DATA VA LID 

DATA IN STABLE 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 

• WRITE CYCLE 2 (4) (CSl Controlled Write) 

!wc 

ADDRESSES 

CS 2 tcw 

tcw 

tWHZ(5) 

HIGH IMPEDANCE 
DOUT 

tpu 

SUPPLY ICG - - - - - - - - - - - - - - - - Ir----------:...----.I 

CURRENT ISB 

o WRITE CYCLE 3 (4) (CS2 Controlled Write) 

ADDRESSES 

t 

CS~ tcw 

tWHZ(5) 

HIGH IMPEDANCE 

DATA IN STABLE 

8-45 -



TMM2064P-10, TMM2064P-12 
TMM2064P-15 

Note: 
1. WE is High for Read Cycle. 
2. Assuming that CS, Low transition or CS2 High transition occurs coincident with or after WE Low transition. Outputs 

remain in a high impedance state. 
3. Assuming that CS, High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 
5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tClZ. tOlZ. twlZ···············Output Enable Time 
(8) tCHZ. tOHZ. twHZ···············Output Disable Time 

t- -r 

WE,cs:o -f- -~ 

5V 

(A) (B) DOlT!' o--........ --~ 

I 0.15 

WO.15V 
I 

r'\. THIGH HIGH IMPEDANCE., Ho.15V >----
~0.15 

DOUT 

V 
I MlE DAN CE 

v 
" T 

Fig. 1 Output load condition for enable disable time measurement. 

OUTLINE DRAWINGS 

28 27 26 25 24 23 22 21 2J 19 18 17 16 15 

0.5± O~ 5 :i .... 
2.54±0.25 1.4± 0.15 0.2MAX.. ::=; ---------t+o--N 

t'5 

Unit: mm 

15.24 TYP. 

1/r--~: :~ 
a: :D 
+0.1 

0.25 -0.05 

17.4 MAX. 

1.8k{} 

1.0 k!l 

NOTES: Each lead pitch is 2. 54mm. All leads are locatecfwithin O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 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. 

©Aug .• 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-10, TC5563APL-12 
SILICON GATE CMOS TC5563APL-15 

DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 OOns/ 120ns/ 1 50ns. 

When CE2 is a logical low or CE 1 is a logical high. 
the device is placed in low power standby mode in 
which standby current is 2J.lA typically. The 
TC5563APL has three control inputs. Two chip 
enables (CE1, CE2) allow for device selection and 
data retention control. and an output enable input 

FEATURES 

o Low Power Dissipation 
27. 5mW/MHz (MAx.) Operating 

" Standby Current: 100J.lA (Max.) Ta=70'C 
(') Access Time 

TC5563APL-l0: lOOns (Max.) 
TC5563APL-12: 120ns (Max.) 
TC5563APL-15: 150ns (Max.) 

o 5V Single Power Supply 

PIN CONNECTION (TOP VIEW) 

TC5563APL 
64k bit I<;PHOM 

TMM2764D 

N.C. 1 VDD Vpp 1 VCC 
A12 R,/W A12 2 POM 

A4 
A3 
A2 
Al 
AO 

1/01 
1/02 
1/1)3 

OND '--_..::.::.J 

PIN NAMES 

Ao-A'2 

R/W 

OE 

CE,. CE 2 

1/0,-1/08 

Voo 

GND 

N. C. 

Cl!:2 
A8 
Ag 

All 
OE 
Ala 
CEI 
1/08 
1/07 
1/06 
1/05 
1/04 

A7 3 N.C. 
A6 4 AS 
A5 5 Ag 
A4 6 All 
A3 liE 
A2 Ala 
Al CE 
AO 07 
00 06 
01 05 
02 04 

OND 03 

Address Inputs 

Read/Write Control Input 

Output Enable Input 

Chip Enable Inputs 

Data Input/Output 

Power (-+ 5V) 

Ground 

No Connection 

PRELIMINARY 

(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro
processor application systems where high speed. 
low power. and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 

(') Power Down Features: CE2, CE 1 
o Fully Static Operation 
(') Data Retention Supply Voltage: 2.0-5.5V 
o Directly TIL Compatible 

: All Inputs and Outputs 
o Pin Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 

Package Type DeVice Name 

600 mil DIP *TC55-65APL 

300 mil DIP 
(Slim Package) TC5563APL 

Flat Package(SOP) *TC5565AFL 

* ) See TC5565APL Technical Date. 

BLOCK DIAGRAM 
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TC5563AP~10, TC5563AP~12 
TC5563APL -15 

OPERATION MODE 

OPERATION MODE CE, 

Read L 

Write L 

Output Deselect L 

H 
Standby 

* * : H or L 

MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VI/a· Input and Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* : - 3.0V at Pulse width 50ns 

CE2 OE R/W 

H L H 

H * L 

H H H 

* * * 
L * * 

RATING 

-0.3-7.0 

-0.3"-7.0 

-0.5-Voo+0.5 

0.8 

260·10 

-55-150 

0-70 

D. C RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP 

Voo Power Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.2 -

VIL Input Low Voltage -0.3" -

VOH Data Retention Supply Voltage 2.0 -

* : - 3. OV at Pulse width 50ns 

O. C and OPERATING CHARACTERISTICS (Ta=0-70·C. Voo=5V±10%) 

S.YMBOL PARAMETER TEST CONDITION 

IlL Input Leakage Current VIN=O-VOO 

10H Output High Current VOH=2.4V 

IOL Output Low Current VOL=0.4V 

CE,=VIH orCE2=VIL or 

ILO Output Leakage Current R/W=VIL or OE =VIH 

Vour=O-Voo 

Voo=5.5V lout=OmA 

CE, =VIL 
tCYCLE= 1 J.ls 

1000' Operating Current CE2=VIH 

Other Input tCYCLE = Min. cycle 
=VIH/VIL 

Voo=5.5V 

CE,=0.2V tCYCLE= 1 J.ls 

10002 Operating Current CE2=VOO-0.2V 

Other Input lout=OmA tCYCLE = Min. cycle 
=Voo-0.2V/0.2V 

loos, Standby Current CE,=VIH orCE2=VIL 

CE,=Voo-0.2Vor 

"10052 Standby Current CE2=0.2V 

Voo=2.0-5.5V 

I/O, -I/Os POWER 

DouT 1000 

DIN 1000 

Hlgh-Z 1000 I 
High-Z loos 

Hlgh-Z loos 

--
UNIT 

V 

V 

V 

W 

·C·Sec 

'C 

'C 

MAX. UNIT 

·5.5 V 

Voo+0.3 V 

0.8 V 

5.5 V 

MIN. TYP. MAX. UNIT 

- - ±1.0 J.lA 

-1.0 - - mA 

4.0 - - mA 

- - ±1.0 J.lA 

- - 10 mA 

- - 45 mA 

- - 5 mA 

- - 40 mA 

- - 3 mA 

- 2 100 J.lA 

* : In standby mode with CE,~Voo-0.2V. these specification limits are guaranteed under the condition ofCE2~Voo-0.2V or 
CE2~0.2V. 
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CAPACITANCE (Ta=25'C) 

I SYMBOL PARAMETER 

I CIN Input Capacitance 

l COUT Output Capacitance 

Note: This parameter periodically sampled IS not 100% tested. 

A. C. CHARACTERISTICS (Ta=0-70C. VOIl.:.:5V± 10%) 

Read Cycle 

I 

TC5563AP~10, TC5563AP~12 
TC5563APL -15 

TEST CONDITION MAX. UNIT 

VIN=GND 10 pF 

VouT=GND 10 pF 

I SYMBOL 

TC5563APL-l0 TC5563APL-12 TC5563A~~ 
PARAMETER 

tRe Read Cycle Time 
-

tAee Address Access Time 

teol CE 1 Access Time 

te02 CE2 Access Time 

tOE Output Enable to Output V~lid 

Chip Enable (CE 1. CE2) to 
teOE 

Output in Low-Z 

tOEE Output Enable to Output In Low-Z 

too Chip Enable (CE 1 . CE2) to Output In Hlgh-Z 

tooo Output Enable to Output In Hlgh-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

tWf' Write Pulse Width 

tew Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output In High-Z 

tOEW R/W to Output In Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

A. C. TEST CONDITIONS 

Output Load 

Input Pulse Level 
Tlmlllg Measurement 

Reference Level 

1 OOpF + 1 TIL Gate 

0.6V. 2.4V 
VIN: 0.8V. 2.2V 

Vour: 0.8V. 2.2V 
5ns 

MIN. MAX. 

100 -

- 100 

- 100 

- 100 

- 50 

10 -

5 -

- 35 

- 35 

20 -

TC5563APL-l0 

MIN. MAX. 

100 -

60 -

80 -

0 -

0 -

- 35 

5 -

40 -

0 -
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MIN. MAX. MIN. M.I'>x.l UNIT 
----t -

120 - 150 - ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 60 - 70 ns 

10 - 15 - ns 

5 - 5 - ns 

- 40 - 50 ns 

- 40 - 50 ns 

20 - 20 - ns 

TC5563APL-12 TC5563APL-15 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 - ns 

70 - 90 - ns 

85 - 100 - ns 

0 - 0 - ns 

0 - 0 - ns 

- 40 - 50 ns 

5 - 10 - ns 

50 - 60 - ns 

0 - 0 - ns 



TC5563AP~10, TC5~63AP~12 
TC5563APL ·15 

TIMING WAVEFORMS 

• READ CYCLE (1) 

ADDRESSES 

DOUT 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

CE;!, 
VIL -

CE] 

DOUT 

DIN 
VIH -

VIL -

-

OUTPUT DATA VALID 

twc 

twP tWR 

tcw 

tcw 

tODW tOEW 

tDS 

DATA IN 
STABLE 
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TC5563AP~10, TC5563AP~12 
TC5563APL-15 

o WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

twc 

ADDRESSES 

twp 

R/W 

VIH -

vIL--~~~~~~~~ ~ __ 4-___ t=cw~ __ ~ ~~~~~~~~~~~~ 

tcw 

tODw 

VIH -

'VI L - __________ ~ ,'--_______ ---J 

«) WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 

ADDHESSES 

R/W 

DOUT 

VIH --
vIL--___________ ~ 
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TC5563AP~10, TC5563AP~12 
TC5563APL -15 

Note: 
1. R/W is High for Read cycle. 
2. Assuming ~hat CE;""low transition of CE2 High transition occurs coincident with or after R/W Low transition. Outputs 

remain in a high impedance state. 
3. Assuming that IT, High transition or CE2ILow transition occurs coincident with or prior to R/W High transitior 

Outputs remain in a high impedance state. l 

4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period 

DATA RETENTION CHARACTE.RISTICS (Ta=0-70'C) 

SYMBOL PARAMETER MIN. TYP. 

VOH Data Retention Supply Voltage 2.0 -

Voo=3.0V - -

loos2 Standby Supply Current 

Voo=5.5V - -

tCOR Chip Deselection to Data Retntion Mode 0 -

tR Recovery Time tRC • -

* : Read cycle time . 

• CE1 Controlled Data Retention Mode (1) 

VDD -------""""""\ Data Retention Mode 

4.5V 

VDD-o.2V 

OND --------------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD ----------. Data Retention Mode 

4.5V 

o.2V 

OND--------~======================================~--------
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MAX. UNIT 

5.5 V 

50 J.lA 

100 J.lA 

- J.ls 
- ns 



Note: 

TC5563AP~10, TC5563AP~12 
TC5563APL-15 

1. In 'CEI"" controlled data retention mode. minimum standby current mode IS achieved under the condition of CE2 ~ O. 
2Vor CE2~VOD-O.2V. 

2. If the VIH of CE. is 2. 2V in operation. loos. current flows during the period that the Voo voltage is going down 
from 4.5V to 2.4V. 

3. In CE2 controlled data retention mode. minimum standby current mode is achieved under the condition of CE2 ~ O. 
2V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology. thus tr.", internal operation 
is synchronous. Then once row address change occur. the precharge operation is executed by intc;,. -.1 pulse 

generated from row address transient. Therefore the peak current flows only after row address change. as Sl,· .. wn 

In the following figure. 

This peak current may induce the noise on VOD/GND lines. Thus the use of about O. l,uF. decouplin9 
capacitor for every device is recommended to eliminate such noise. 

ADlJl{}l:~Sr:t) 

I DIll) 

l rnA ) ~1--1-I11\-1--1--1--1-I1P-;~~1-I 

~ U t----1r--1f-----f+'r1-1f---I1---1---4+\-l--l--l--l 

U - - -- L\ --~ -+~-*-+---+--~ 

VDD=5.5V 

V I H = 5.3 V 

VIT.=o.ZV 

Hori~on 200nS/div 

~'l~·. TY\'ICAL CUHH~NT WAVEI<'OHM8 
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TC5563APL-10,TC5563APL-12 
TC5563APL -15 

OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Unit: mm 

Note Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 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. 

©May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT 
CMOS STATIC RAM 
SILICON GATE CMOS 

TC5563APl-10l, TC5563APl-12l 
TC5563APl-15l 

DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 OOns/120ns/150ns. When CE2 is a 
logical low or CE 1 is a logical high, the device is 
placed in low power standby mode in which standby 
current is O. 6J1.A typically. The TC5563APL has three 
control inputs. Two chip enables (CE1, CE2) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 

FEATURES 

• Low Power Dissipation 
27. 5mW/MHz (MAx.) Operating 

• Standby Current: lJ1.A (Max.) Ta=25°C 
• Access Time 

TC5563APL-l0L: lOOns (Max.) 
TC5563APL-12L: 120ns (Max.) 
TC5563APL-15L: 150ns (Max.) 

PIN CONNECTION (TOP VIEW) 
64k bit EPROM 

TC5563APL TMM2764D 

28 
Z7 

26 
25 

A5 24 
23 

22 
A2 21 

20 
AO 19 

1/01 IS 
1/02 17 
1/03 16 

aND Ib 

PIN NAMES 

Ao-A,2 

R/W 

OE 

CE" CE2 

1/0,-1/08 

Voo 

GND 

N. C. 

VDD VPP VCC 
R/N A12 PaM 
CE2 
A8 
A9 
All 
ITE 
AlO 
CEI 
1/0s 
1/07 
1/06 
I/Ob 
1/04 

A3 
A2 
Al 
AO 
00 
01 
02 

aND 

Address Inputs 

N,C, 
AS 
A9 
All 
DE 
AIO 
IT 

Read/Write Control Input 

Output Enable Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

PRELIMINARY 

access. Thus the TC5563APL is suitable for use in 
various microprocessor applicatior) systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 

• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 
• Fully Static Operation 
at Data Retention Supply Voltage: 2.0 - 5. 5V 
• Directly TIL Compatible 

: All Inputs and Outputs 
• Pin Compatible with 2764 type EPROM 
• TC5565APL Family (Package Type) 

Package Type Device Name 

600 mil DIP ·TC5565APL 

300 mil DIP 
TC5563APL 

(Slim Package) 

Flat Package(SOP) ·TC5565AFL. 

* : See TC5565APL/AFL Technical Date. 

· BLOCK DIAGRAM. 
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TC5563APl·10l, TC5563APl·12l 
TC5563APl·1 5l 

OPERATION MODE 

OPERATION MODE CE I CE 2 OE 

Read L H L 

Write L H * 
Output Deselect L H H 

H * * Standby 

* L * 
* : H or L 

MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VI/O Input and Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* : - 3. OV at Pulse width 50ns 

D~<?RECOMMENDED .OPERATINGCONDITIONS 

SYMBOL PARAMETER MIN. 

Voo Power Supply Voltage 4.5 

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.3· 

VOH Data Retention Supply Voltage 2.0 

* : -3.0V at Pulse width 50ns 
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R/W 1/01-1/08 POWER 

H DouT 1000 

L DIN 1000 
H High-Z 1000 .--

* High-Z loos 

* High-Z loos 

RATING UNIT 

-0.3·-7.0 V 

-0.3·-7.0 V 

-0. 5-Voo+0. 5 V 

0.8 W 

260·10 ·C·Sec 

-55-150 ·C 

0-70 'C 

TYP MAX. UNIT 

5.0 5.5 V 

- Voo+0.3 V 

- 0.8 V 

- 5.5 V 



I 

TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

D. C and OPERATING CHARACTERISTICS (Ta=0-70'C, Voo= 5V± 10%) 
-.~ . ,. . , .. 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ilL Input Leakage Current VIN=O-VOO - - ±1.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VQL=O.4V 4.0 - - mA 

CE1=VIH or CE,=VIL or 

ILO Output Leakage Current R/W=VIL or OE=VIH - - ±1.0 J.lA 

VOUT=O-VOO 

Voo=5.5V 10ut=OmA 
tCYCLE = 1 J.ls - 10 - -

10001 operating Current 
CEI =VIL 

mA 
CE2=VIH 

Other Input=VIHNIL 
tCYCLE = Min. cycle - - 45 

Voo=5.5V 

CE1=0.2V tCYCLE= 1J.ls - - 5 

10002 Operating Current CE2=VOO-0.2V mA 

Other Input .10ut=OmA tCYCLE = Min. cycle - - 40 
=Voo-0.2V/0.2V 

100Sl Standby Current CE1=VIH or CE2 =VIL - - 3 mA 

CE1=VOO-0.2Vor Ta=25'C - 0.6 1.0 
°100s2 Standby Current 

CEFO.2V Ta=0-70'C 30 
J.lA 

- -

* In standby mode with CE1~VOO-0. 2V, these specification limits are guaranteed under the condition of .CE2~VOO-0. 2V or 

CE2~0.2V 

CAPACITANCE (Ta=25'C) 
'..... "" 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: This parameter periodically sampled IS not 100% tested. 
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TC5563APl-10l, TC5563APl-12l 
TC5563APl-15l 

A. C. CHARACTERISTICS (Ta=0-70'C. Voo=5V± 10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

teol CE 1 Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

Chip Enable (CE 1 • CE2) to 
teoE 

Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

too Chip Enable (CE 1 . CE2) to Output in High-Z 

tooo Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output in High-Z 

tOEW R/W to Output in Low-Z 

tDS Data Set Up Time 

tDH Data Hold Time 

A. C. TEST CONDITIONS 

Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

tr. tl 

1 OOpF + 1 TIL Gate 
0.6V.2.4V 

VIN: 0.8V. 2.2V 
VOUT: 0.8V. 2.2V 

5ns 

TC5563APL-l0L 

MIN. MAX. 

100 -

- 100 

- 100 

- 100 

- 50 

10 -

5 -

- 35 

- 35 

20 -

TC5563APL-l0L 

MIN. MAX. 

100 -

60 -
80 -

0 -

0 -

- 35 

5 -

40 -

0 -
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TC5563APL-12L TC5563APL-15L 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 -
- 120 - 150 

- 120 - 150 

- 120 - 150 

- 60 - 70 ns 

10 - 15 -

5 - 5 -

- 40 - 50 

- 40 - 50 

20 - 20 -

TC5563APL-12L TC5563APL-15L 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 -

70 - 90 -

85 - 100 -

0 - 0 -

0 - 0 - ns 

- 40 - 50 

5 - 10 -

50 - 60 -

0 - 0 -



TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

TIMING WAVEFORMS 
o READ CYCLE (1) 

tRC 

ADDRESSES 

OE 

DOUT OUTPUT 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

twc 

ADDRESSES 

twp 

R/W 

VIH -

VIL --~~~LLLLLLLL~U tcw 

tcw 

DOUT 

tDS 

VIH -

V IL _____________ --' 
DATA IN 
STABLE 
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tWR 



TC5563APL-1 OL, TC5563APL-12L 
TC5563APL-15L 

• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

twc 

ADDRESSES 

twp 

R/W 

tcw 

tcw 

tODW 

tDS tDHl 

VIH _ 

vIL - ____________ -J 

o WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W VIH -

VIL -~~~~~~~~~~~~~ ______ _+~~~~~~~~~~~~~~ 

DOUT 

VIH -
vIL-_____________ -J 
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TC5563APl-10l, TC5563APl-12 
TC.5563APl-1 5l 

Note: 
1. R/W is High for Read Cycle. 
2. Assuming that CE 1 Low transition of CE2 High transition occurs coincident with or after R/W Low transition. Outputs 

remain in a high impedance state. 
3. Assuming that CE 1 High transition or CE2 Low transition occures coincident with or prior to R/W High transition. 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 

r~DATARETENTfo'N·,CHARAcfE·RisTfcs'·] (Ta=0-70'C) 
IW"';""",_~, "".~;";~-.,<#"" ... "",..,~ _, .... >, .... N :-,,~,'.~ ... i-, .. ........ ~,"x.::_".\, .. , .~<r .. "" ,:,~.;.. •• , .. ' ... ;; N""") , .. " ._« ..... ~1 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Voo=3.0V - - 15 
10052 Stand by Supply Current J,lA 

Voo=5.5V - - 30 

tCOR Chip Deselection to Data Retention Mode 0 - - J,ls 

tR Recovery Time tRC· - - ns 

* : Read cycle time. ' 

• CE 1 Controlled Data Retention Mode (1) 

VDD ------- DATA RETENTION MODE 
~ __ 'lr-----~----~--~~--~ 

GND---------------------------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD------- DATA RETENTION MODE 

4.5 V - - - - - - - - - - - - - - - - - - - - - - - - - - -

VIL - - - -~ ................. 
U2V 

GND 
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TC5563A~L-10L,TC5563APL-12L 
TC5563APL-15L 
Note: 

1. In CE 1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2;:::;; 
O.2V orCE2~VoO-O.2V. 

2. If the VIH of CE 1 is 2. 2V in operation, loos1 current flows during the period that the Voo voltage is going down from 
4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2;:::;; 
O.2V. 

DE\iI'cE INFORMATION 

The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Voo/GND lines. Thus the use of about O. 
1,uF decoupling ca.pacitor for every device is 
recommended to eliminate such noise . 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

ADDRESSES 

VDD=5.5V 

40 VIH=5.3V 

IDDO VIL=U2V 

(rnA) 20 Horizon lOOnS/div 

Fig. TYPICAL CURRENT WAVEFORMS 

Note Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 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. . 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

~IPTIONI 

TC5565AP~10,TC5565AP~12,TC5565AP~15 
TC5565AF~10, TC5565AF~12,TC5565AF~15 

The TCSS6SAPL/AFL is 6S,536 bit stati~ random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single SV supply. Advanced cir
cuit techniques provide both high speed and low power features with a maximum operat
ing current of 5mA/MHz and maximum access time of lOOns/l20ns/lSOns. 
When CE2 is a logical low or EEl is a logical high, the device is placed in low power 
standby mode in which standby current is 2~A typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CEI, CE2) allow for device selection and data re
tention control, and an output enable input '(O!) provides fast memory access. Thus 
the TC5S65APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 
The 'rC5565APL also features pin compatibility with the 64K bit EPROM (TNH2764D). 
RAM and EPRO~1 are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 
FEATURES 
· Low ower Dissipation 

27. 5mW/~rnz(Max.) Operating 
· Standby Current : 100~A(Max.) Ta=70°C 
• Access Time 

TC5565APL/AFL-10 lOOns(Max.) 
TC5565APL/AFL-12 l20ns(Max.) 
TC5565AP~/AFL-l5 l50ns(Max.) 

• 5V Single Power Supply 
· Power Down Features: C~2, CEI 
• Fully Static Operation 
· Data Retention Supply Voltage: 2.0-5.5V 

IPIN CONNECTION I (TOP VIEW) 6~k ~1t EPROM 

TMM2764.D 

N.C. Vpp ~ A12 A12 
A7 A7 N.C. 
A6 AS As 
A5 A5 Ag 
A~ A" ~ A3 A3 
A2 A2 A,O 
A1 A1 ~ 
AO AO °7 

1/01 00 Os 
I/Oz 01 05 
I/03 02 04. 

GND GND 03 

Ip I N NAr~ES I 
AO-A12 Address Inputs 
R/\.J ReadlWrite Control Input 
OE Output Enable Input 
CEL CE2 Chip Enable Inputs 
1/01-1/08 Data Input/Output 
VDD Power (+5V) 
GND Ground 
N.C. No Connection 

· Directly TTL Compatible 
: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 
· TC5565APL F~milv (P~ckage Type) J 

Package Type Device Name 
600 mil DIP TCS56SAPL 
300 mil DIP *TC5563APL (S lim Package) 

Flat Package TC5565AFL 
(SOP) 

*) See TC5563APL Techn~cal Data. 

I BLOCK DIAGRAf·' I 

A 5 O-lf-C.£D 

AS O-lH2..:D 

A7 .....----,r-LL.. ...... 

AS ""'---'rL£...L...I 

Ag "'--'n.L..L...I 

A 10 "'--':-l.o'-~ 
All O-l,...{:::£.U 

A 12 .....--,rt ............ 

R/W o--~~ 

OE o----t4 
C E2 ~:>O--<T"" 
~o----<l.J 

PRECHARGE 
CIRCUIT 

MEMORY CELL 

ARRAY 

256 X 256 

(65536) 

--0 VDD 
--0 GND 
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TC5565AP~10,TC5565AP~12,TC5565AP~15 
TC5565AF~10, TC5565AF~12,TC5565AF~15 

OPERATION r~ODE 

OPERATION MODE CEl CE2 

Read L H 

Write L H 

Output Oeselect L H 

H * Standby 
* L 

* : H or L 

~lAxrr~UM RATINGS. 

SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

Vl/o Input and Output Voltage 

PD Power Dissipation 

Tsolder Soldering ·Temperature 

Tstg Storage Temperature 

Topr Operating Temperature 

OE 

L 

* 

H 

* 

* 

* -3.0V at pulse width SOns MAX. ** Flat package 

D.C RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VDO Power Supply Voltage 

VIH Input High Voltage 

VIL Input Lpw Voltage 

VDH Data.. Re:tention Supply Voltage 
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R/W 1/01-1/08 POt-iER 

H °OUT 1000 
L OIN 1000 
H High-Z 1000 

* High-Z IOOS 

* High-Z IODS 

RATING UNIT 

-0.3-7.0 V 

*-0.3-7.0 V 

-0.5-VOO+O.5 V 

1.0/0.6** W 
I 

260'10 °C'sec I 

-55-150 °c 
I 

0-70 °c 
, 

MIN. TYP. MAX. UNIT· 

4.5 5.0 5.5 V 

2.2 - VDD+0.3 V 

-0.3 - 0.8 V 

2.0 - 5.5 V 



TC5565AP~10,TC5565AP~12,TC5565AP~15 
TC5565AF~10, TC5565AF~12, TC5565AF~15 

D.C and OPERATING CHARACTERISTICS (Ta=0-70°C, VDD=5V±10%) 

SYtlBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL 
Input Leakage 

VIN=O-VOO - ±1.0 J,J.A Current -

IOH Output High Current VOH=2.4V -1.0 - - mA 

IOL Output Low Current VOL=0.4V 4.0 - - rnA 

CE1=VIH or CE2=VOL or 

ILO 
Output Leakage 

R/W=VIL or OE=VIH - - ±1.0 uA Current 
VOUT=O-VDO 

tcyc1e=1. Ous - - 10 rnA 
VDO=5.5V 

TC5565APL-10 
CE1=VIL 

tcyc1e - - 45 rnA 
TC5565AFL-10 =100ns 

IDDOI CE2=VIH TC5565APL-12 tcyc1e 
Other input= - - 40 mA 

TC5565AFL-12 =120ns 
VIH/VIL 

TC5565APL-15 tcyc1e - - 35 rnA 

Operating Current 
TC556SAFL-15 =150ns 

VDD=5.SV tcycle=I.0Us - - 5 rnA 

CEl=0.2V 
TC5565APL-IO tcycle - - 40 rnA 

IDD02 CE2=VDD-0.2V 
TC5565AFL-10 =lOOns 

Other input= TC5565APL-12 tcycle - - 35 rnA 

VDD-0.2V/0.2V 
TC5565AFL-12 =120ns 

TC556SAPL-15 tcycle 30 - - IDA 
TC556SAFL-15 =150ns 

IDDSI CEl=VIH or CE2=VIL - - 3 rnA 

*IDDS2 
Standby Current CEl=VDO-0.2V or VDD=5.5V - 2 100 UA 

- CE2=0.2V VDD=3.0V - 1 50 uA 

Note * In standby :~ode with CEl;;;:VDD-O. 2V, these specification limits are guaranteed 
under the_c-ondition of CE2~VDD-0.2V or CE2~0.2V. 

CAPACITANCE (Ta=25°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=GND - - 10 pF 

COUT Output Capacitance VOUr-:GND - - 10 pF 

Note This parameter periodi~ally sampled is not 100% tested. 
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TC5565APL-l0,. TC5565APL-12, TC5565APL-15 
TC5565AF~10, TC5565AF~12,TC5565AF~15 

A.C. CHARACTERISTICS (Ta=~70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CEl Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

tCOE 
Chip Enable (CEl, CE2) to 
Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

tOD 
Chip Enable (CEl, CE2) to 
Output in High-Z 

tODO Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

tODW R/W to Out~ut High-Z 

tOEW R/W t~~--OutPut Low-Z 
•... 

tDS Data Setup Time 

tDH Data Hold Time 

A.C. TEST CONDITION 

TC5565APL-IO 
TC5565AFL-IO 

MIN. MAX. 

100 -
- 100 

- 100 

- 100 

- 50 

10 -
5 -

- 35 

- 35 

20 -

TC5565APL-IO 
TC5565AFL-IO 

MIN. MAX. 

100 -
60 -
80 -

0 -
0 -

- 35 

5 -
40 -

0 -

Output Load 
Input Pulse Level 
Timing Measurement 

100pF + 1 TTL Gate 
0.6V, 2.4V 

·Reference Level 
tr, tf 

VIN 
VOUT 

O. 8V, 2.2V 
O. 8V, 2.2V 
5ns 
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TC5565APL-12 TC5565APL-15 
TC5565AFL-12 TC5565AFL-l5 UNIT 

MIN. MAX. MIN. MAX. 

120 - 150 - ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 120 - 150 ns 

- 60 - 70 ns 

10 - 15 - ns 

5 - 5 - ns 

- 40 - 50 ns 

- 40 - 50 ns 

20 - 20 - ns 

TC5565APL-12 TC5565APL-15 
TC5565AFL-12 TC5565AFL-l5 UNIT 

MIN. MAX. MIN. MAX. 

·120 - 150 - ns 

70 - 90 - ns 

85 - 100 - ns 

0 - 0 - ns 

0 - 0 - ns 

0 40 - 50 ns 

5 - 10 - ns 

50 - 60 - ns 

0 - 0 - ns 



TC5565APL-l 0, 'TC5565APL-12, TC5565APL-15 
TC5565AF~10, TC5565AF~12,TC5565AF~15 

THHNG WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

VIR -

vIL -...L...{....I.~~I t-------:::~--~ 

VIR -
vI~ -~~~~~~ ________ -+ ________ ~~~~~~~~~~~~ 

VIR _ 

vIL -
~~~~~~~------~------~~~~~~~~~~~~~ 

OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (R/W Confrolled Write) 

twc 

ADDRESSES VIR
VIL -

twp tWR 

R/W 

CE2 VIH

VIL -"""""" .... ......,.-'-'-""'-l-'-'-'......,.~ tcw ...... ------.; 
tcw 

VIH -
VIL -~~~~~~wu~~~ _________ ~~......,.~~~~~~~~~ 

DOUT 

tDS 

VIR - DATA IN 
VIL - _______________ I"-___ S_T_AB_LE ___ JI '-________ _ 
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TC5565APL~10, TC5565APL-12, TC5565APL-15 
TC5565AFL-l0, TC5565AFL-12, TC5565AFL-15 

WRITE CYCLE 2 (4) err, Controlled ~Jr;te) 

ADDRESSES 

R/W 

DOUT 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 

twc 

ADDRESSES vV1H 

IL 

R/W 

DOUT 
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TC5565APL-l0, TC5565APL-12, TC5565APL-15 
TC5565AF~10, TC5565AF~12, TC5565AF~15 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CE1 Low transition of CE2 High transition occurs coincident 

with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occure coincident 

with or prior to R/W High transition, Outputs remain in a high impedance 

state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

DATA RETENTION' CHARACTERISTICS (Ta=O-70°C) 

SYMBOL PARAHETER MIN. TYP. MAX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

Stand by Supply Current VDD=3.0V - - SO 
IDDS2 

VDD=5.5V - - 100 

tCDR Chip Dese1ection to Data Retention Mode 0 - -
tR Recovery Time tRC(l) - -

Note (1) : Read cycle time. 

CEl Controlled Data Retention r~ode (2) 

DATA RETENTION KODE 

~5V 

VDD - o.2V 
Gmt:_~··_~_C ___________________________________________ __ 

CE2 Controlled Data· Retention Mode (4) 
VDD DATA RETENTION UODE 
4..5V ______ _ 

o.2V 
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UNIT 

V 

~A 

~s 

~s 



TC5565APL-l0, TC5565APL-12, TC5565APL-15 
TC5565AF~10,TC5565AF~12,TC5565AF~15 

Note 2 In CEl controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2~O.2V or CE2~VDD-O.2V. 

3 If the VIH of eEl is 2.2V in operation, IDDSl current flows during the 

period that the VDD voltage is going down from 4.SV to 2.4V. 

4 In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2~O.2V. 

DEVICE INFORMATION 

The TCS56SAPL/AFL is an synchronous RAM using address activated circuit technology, 

thus the internal operation is synchronous. Then once row address change occur, 

the precharge operation is executed by internal pulse generated from row address 

transient. Therefore the peak current flows only after row address change, as 

shown in the following figure. 

This peak current may induce the noise on VDD/GND lines. Thus the use of about 

O.l~F decoupling capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

IDDO 

(mA) 

J 

60 

40 

20 
\ \ 

0 \ 

Fig. TYPICAL CURRENT WAVEFORMS 
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VDD=~~V 

VIH= 5.3V 
VIL=a.2V 
HoriZoo 100 os /di v 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 

>< 1 
~ 
N 3aOMAX III 

:z; 0.5::t0.15 
i I 11.4+0.15 N 
t1 

TC5565AP~10,TC5565AP~12,TC5565AP~15 
TC5565Af~10, TC5565Af~12,TC5565Af~15 

Unit in mm 

15 

J 
14-

U:, 
15.24±0.25 

II 
II 

II +0.1 
2.54±0.25 0.25 - 0.05 

0-15° 

Note) Lead pitch is 2.54 and tolerance is ±0.2s against theoretical center 

of each lead that is obtained on the basis of No.1 and No.2S leads. 

Unit in mrn 

11.8+0.3 

-=:1 

Note) Lead pitch is 1.27 and tolerance is to.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.2S leads. 
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TOSHIBA MOS MEMORY PRODUCT 
8.192 WORD X 8 BIT 
CMOS STATIC RAM 
SILICON GATE CMOS 

TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

DESCRIPTION 

The TC5565APL/ AFL is 65,536 bit static random 
access memory organized as 8, 192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 00ns/120ns/150ns. When CE2 is a 
logical low or CE1 is a logical high, the device is 
placed in I()w power standby mode in which standby 
current is 0.6J.lA typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CE1, CE2) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem-

FEATURES 

o Low Power Dissipation 
27. 5mW/MHz (MAx.) Operating 

o Standby Current: lJ.lA (Max.) Ta=25°C 
o Access Time 

'-' 

TC5565APL/AFL-l0L: lOOns (Max.) 
TC5565APL/AFL-12L: 120ns (Max.) 
TC5565APL/AFL-15L: 150ns (Max.) 

PIN CONNECTION (TOP VIEW) 
64k bit EPROM 

TC5565APL/AFL TMM2764D 

N.C. VDD 28 VCC 
Al2 R/W Al2 POM 

CE2 N.C. 
A8 A8 

A5 A9 A9 
A4 All All 
A3 m;- OE 
A2 AIO AIO 
Al 9 CEI CE 
AO 1/08 AO 07 

1/01 1/07 00 18 06 
1/02 1/06 01 17 05 
1/03 1/05 02 16 04 

OND 1/04 OND 15 03 

NAMES 

Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1, CE2 Chip Enable Inputs 

I/Ol-I/Os Data Input/Output 

Voo Power (+5V) 

GND Ground 

N. C. No Connection 

ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/ AFL also features pin compati
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL/AFL is offered in a dual-in-line 
28 pin standard plastic package. 

o 5V Single Power Supply 
o Power Down Features: CE2, CE 1 
o Fully Static Operation 
o Data Retention Supply Voltage: 2.0-5. 5V 
o Directly TIL Compatible 

: All Inputs and Outputs 
o Pin Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 

Package Type Device Name 

600 mil DIP TC5565APL 

300 mil DIP 
*TC5563APL 

(Slim Package) 

Flat Package(SOP) TC5565AFL 

* : See TC5563APL Technical Date. 

BLOCK DIAGRAM 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

OPERAT.ON··.MoDE 
OPERATION MODE CE\ 

Read L 

Write L 

Output Deselect L 

H 
Standby 

* 
* : H or L 

. MAXIMlJM·RATINGS·· 
SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

Vila Input and Output Voltage 

Po Power Dissipation 

TSOLOEA Soldering Temperature 

TSTG Storage Temperature 

TaPA Operating Temperature 

* : -3 .OV at Pulse width 50ns 

* * : Flat package 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High V91tage 

VIL Input L9w Voltage 

VOH Data Retention Supply Voltage 

* : - 3. OV at Pulse width 50ns 

CE2 OE 

H L 

H * 
H H 

* * 
L * 

MIN. 

4.5 

2.2 

-0.3* 

2.0 
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R/W I/O\-I/Os POWER 

H DouT 1000 

L DIN 1000 

H High-Z 1000 

* High-Z loos 

* High-Z loos 

RATING UNIT 

-0.3-7.0 V 

-0.3*-7.0 V 

-0.5-Voo+0.5 V 

1.0/0.6*· W 

260·10 ·C·Sec 

-55-150 'C 

0-70 'C 

TYP MAX. UNIT 

5.0 5.5 V 

- Voo+0.3 V 
- 0.8 V 

- 5.5 V 



TC5565APl-10l, TC5565APl-12l, TC5565APL·1 5l 
TC5565AFl-10L, TC5565AFL-12L, TC5565AFL~.15l 

D. C and OPERATING CHARACTERISTICS (Ta=0-70·C. Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ilL Input Leakage Current VIN=O-VOO - - ±1.0 f.lA 

10H Output High Current VOH=2.4V -1.0 - - rnA 

10L Output Low Current VOL=0.4V 4.0 - - rnA 

CE1=VIH or CE2=VIL or 

ILO Output Leakage Current R/W=VIL or OE=VIH - - ±1.0 f.lA 

VOUT=O-VOO 

Voo=5.5V lout=OmA 
tCYCLE = 1 .u s - - 10 

10001 operating Current 
U,=VIL 

rnA 
CE2=VIH 

Other Input=VIHNIL 
tCYCLE = Min. cycle - - 45 

Voo=5.5V 

U,=0.2V tCYCLE = l.u s - - 5 

10002 Operating Current CEz=Voo-0.2V rnA 

Other Input ,lout=OmA tcycLE=Min. cycle - - 40 
=Voo-0.2V/O.2V ._--

10051 Standby Current CE1=VIH or CE2 =VIL - - 3 rnA 

.•. -
CE1=VOO-0.2Vor Ta=25'C - 0.6 1.0 

·10052 Standby Current 
CEFO.2V Ta=0-70'C 30 

f.lA - -

* : In standby mode with CE1~VOO-0.2V. these speCification limits ·are guaranteed under the condition of CE2~VDD-O. 2V or 
CE2~0.2V. 

CAPACITANCE (Ta=25'C) 

SYMBOL PARAMETER TEST CONDITION MAX. 

CIN Input Capacitance VIN=GND 10 
... 

COUT Output Capacitance VouT=GND 10 .. 

U~IT pF 
pF 

Note: This parameter periodically sampled is not 100% tested. 
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· TC5565AP[ .. 1 OL, TC5565APL~ 12L, TC5565APL .. 15L 
TC5565AFL .. 10L, TC5565AFL-12L TC5565AFL-15L 

". d •• • ". ••••••• • ••••• h ............... ".".,. M"" ••••••• ',,'" ,~, ,,, ••• ,... " •••• "" """ .1. •..• ".,.. .•• " .•. " ... ,.... • . . .. . 

Read Cycle 

SYMBOL PARAMETER 

tAC Read Cycle Time 

lAcc Address Access Time 

te01 CE1 Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

Chip Enable (CE 1 • CE2) to 
teoE 

Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

too Chip Enable (CE 1 • CE2) to Output in High-Z 

tooo Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tew Chip Selection to End of Write 

lAs Address Set up Time 

twR Write Recovery Time 

toow R/W to Output in High-Z 
.-, .. 

tOEW R/W to Output in Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

Output Load 

Input Pulse Level 
Timing Measurement 

Reference Level 

: 1 OOpF + 1 TTL Gate 

: 0.6V. 2.4V 

tr. tl 

VIN: 0.8V. 2. 2V. 
VOUT: 0.8V. 2. 2V 

: 5ns 

TC5565APL-l0L 
TC5565AFL -1 OL 

MIN. MAX. 

100 -
- 100 

- 100 

- 100 

- 50 

10 -

5 -
- 35 

- 35 

20 -

TC5565APL-l0L 
TC5565AFL-l0L 

MIN. MAX. 

100 -
60 -
80 -

0 -
0 -

- 35 

5 -
40 -

0 -
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TC5565APL-12L TC5565APL-15L 

TC5565AFL-12L TC5565AFL-15L 

MIN. MAX. MIN. MAX. 
UNIT 

120 - 150 -
- 120 - 150 

- 120 - 150 

- 120 - 150 ns 

- 60 - 70 

10 - 15 -

5 - 5 -
- 40 - 50 

- 40 - 50 

20 - 20 -

TC5565APL -12L TC5565APL-15L 

TC5565AFL-12L TC5565AFL-15L 
UNIT 

MIN. MAX. MIN. MAX. 

120 - 150 -
70 - 90 -
85 - 100 -

0 - 0 -
0 - 0 - ns 

- 40 - 50 

5 - 10 -
50 - 60 -

0 - 0 -



TC5565APl·10l, TC5565APl-12l, TC5565APl-15l 
" . .,. ,<"~",,,~,~~_,~h" '"""",Jc~~~~,~Afb:1QL,. TC~5.~~~fl~1.2_~, rC5.5,~5~fl,-1 ,5~ .. '. 

':.~: ~'TIM'ING<,WAVEFORMs':;J 
"<",,,,,',,. ,,"'" ,'.'" , ,. ,,'" .,' ,)<,<,1 
• READ CYCLE (1) 

tRe 

ADDRESSES 

teo2 

teal 

VIH --
VIL --~~uu~~~ ________ ~ ________ ~~~~~~~~~~LLu 

OE VIH --

VIL --~~~~~~~ ______ ~ ______ ~~~~~~~~~~~~ 

DOUT VOH --~----4-~==~=YJ 
VOL - teoE 

OUTPUT DATA VALID 

UNKNOWN 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

twe 

ADDRESSES 

twp tWR 

R/W 

eE2 VIH --

V I L -..L..L..L..I-"--'-':..L.L..I....l-.'-J-J.~ tew 
IC---------.I 

tew 

tODW 

DOUT 

tDS 

VIH -- DATA IN 
VI IJ ____________ ~ ~ __ -S-T_A-=--B-L_E-_-_-_-JI ~ ________ _ 
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TC5565AP1·10L, TC5565APL·12L, TC5565APL~ 15L 
. TC5565AFL-1 OL, TC5565AFL-12L, TC5565AFL~15L 

" _ o· '" ' ' , ' -' <. < " "', ~, , 

• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

ADDRESSES 

R/W 

VIH----------------------~ Ir----------~I r------------------
VIL - ____________________ J 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

CE2 

CE] VIH -
VIL -

DOUT 

DIN 
VIH -
VIL -
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

Note: 
1. R/W is High for Read Cycle. 
2. Assuming that CEI Low transition of CE2 High transition occurs coincident with or after R/W Low transition, Outputs 

remain in a high impedance state. 
3. Assuming that CEI High transition or CE2 Low transition occure coincident with or prior to R/W High transition, 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

DATA RETENTION CHARACTERISTICS (Ta=0-70'C) 

SYMBOL PARAMETER 

VOH Data Retention Supply Voltage 

10052 Stand by Supply Current 

teoR Chip Deselection to Data Retention Mode 

tR Recovery Time 

* : Read cycle time. 
r 

• CE1 Controlled Data Retention Mode (1 ) 

VDD -------. DATA RETENTION MODE 

Voo=3.0V 

Voo=5.5V 

~~'lr---------------~~--~ 

MIN. 

2.0 

-

-

0 

tRe • 

GND---------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD --------"""'"\, DATA RETENTION MODE 

4.5 V - - - - - - -

VIL - - - --Tr~~ 
0,2V 

GND 
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TYP. MAX. 

- 5.5 

- 15 

- 30 

- -
- -

UNIT 

V 

J.lA 

J.lS 

ns 



TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 
Note: 

1. In CEl controlled data retention mode. minimum standby current mode is achieved under the condition of CE2~ 
O.2V orCE2~VDD-O.?V. ' 

2. Ifthe VIH of CEl is 2. 2V in operation, IOOSl current flows during the period that the Voo voltage is going down from 
4.5V to 2.4V. 

·3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2 ~ 
O.2V. 

,PEVICE I~F'9RivlATION 

The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure". This peak current may induce the 
noise on VOD/GND lines. Thus the use of about O. 

ADDRESSES 

1,uF decoupling capacitor for every device is 
recommended to eliminate such noise. 

e DIP 28 PIN OUTLINE DRAWING (6D28A-P) 
28 15 

[:::::::::::]1 
1 14 

601-t-t--H-+-t---t-t--tt-+-1-t:-l 
VDD=5.5V 

40 VIH=5.3V 

IDDO VIL=!l2V 

(rnA) 20 Horizon 100nS/div 

Fig. TYPICAL CURRENT WAVEFORMS 

Unit in mm 

15.24±O.25 ~ 
:Jl_Ir=====3B=·O=M=AX=:. =====;j_~tn-----~ 

"II !l25!:g~ 
... O-I:r 

Note : Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 

o MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

c:::::::::: :': ~ 
Unit in rom 

1 U 

Note Lead pitch is 1 .27 and tolerance is ±O. 12 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 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. 

© May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT CMOS STATIC RAM 

DESCRIPTION 

TC5564APL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating of 5mA/MHz. 
Operation current depends on cycle time. 

TC5564APL has three control inputs. Two chip 
enables (CE 1, CE2) allow for device selection and 
data retention control. Output enable (OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 

FEATURES· . :, 
• Low Power Dissipation 

5mA/MHz (MAX.) Operating 
0.2J.lA (MAX.) at Ta=25·C Standby 
1 .0J.lA (MAX.) at Ta=60'C Standby 

• 5V Single Power Supply 
• Low Voltage Operation: VDD=3V 

Tco= 1J.ls (MAX.) Ta=60·C 
• Fully Static Operation 
• Data Retention Voltage: 2.0-5.5V 
• Plastic DIP and Plastic FP Package 
• Pin Compatible with 2764 type EPROM 

PIN CONNECTION (TOP VIEW) 
,<~" , 

64k bit EPROM 
TC5564APL TMM2764D 

VDD VDD 
JV'R POM 
CE2 N.C. 
A8 A8 
A9 A9 
All All 
OE OE 
AIO AIO 
CEI CE 
1/08 07 
1/07 00 06 
1/06 01 05 
1/05 02 04 

ON V04- 03 

TC5564APL-12, TC5564APL-15 
TC5564AF L-1 2, TC5564AF L-1 5 

is typically O.01J.lA. So the TC5564APL is suitable 
for use in various microprocessor application sys
tems where low power and battery back up are 
required. Ultra low standby power allow not only 
battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible 
with the 64K bits EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

TC5564APL is offered in both a standard dual-in
line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 

• Access Time 

~ TC5564APL-12 TC5564APL-15 
TC5564AFL-12 TC5564AFL-15 

Address Access Time 
l20ns l50ns (MAX.) 

CEl Access Time 
l20ns l50ns 

(MAX.) 

CE2 Access Time 
l20ns l50ns (MAX.) 

Output Enable Time 
60ns 70ns 

(MAX.) 

• Directly TTL Compatible: All Inputs and Outputs 
• Wide Temperature Operation: -40-85·C 

A~ 

Ae 

AB 
A9 

Ala 

I/ol 

( 
VOB 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12,TC5564AF~15 

<PIN'NAMES 

Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1, CE2 Chip Enable Inputs 

1/01-1/08 Data Input/Output 

Voo Power (+5V) 

GND Ground 

N. C. No Connection 

'MAxIMUM'RATINGS 

SYMBOL ITEM 

"Voo Power Supply Voltage 
I---

VIN Input Voltage 

VI/O Input and Output Voltage 

Po Power Dissipation 

Tsolder Soldering Temperature 

TSl9 Storage Temperature 

Topr Operating Temperature 

* 8.5Vat lOOns 
* * -3.0V Pulse width 50ns 

* * * SOP 

OPERATING MODE ; 

Operation 
CEl CE2 OE R/W 

1/01-
Power 

Mode 1/08 

Read L H L H Dour 

Write L H * L DIN 1000 

Output Deselect * * H * High-Z 

H * * * " loos 
Standby 

* L * * " loos 

RATING UNIT 

-0.3-7.0 V 

-0.3"·-Voo V 

-0. 5-Voo+0. 5 V 

1.0(0.6)""" W 

260·10 ·C·sec 

-55-150 'C 

-40-85 'C 

D.C. R~.cOMM~~DED O~ERATING CONDITIONS (Ta=-40-85'C) 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3" - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

* - 3. OV Pulse width 50ns 

(Ta = -40-85'C, Voo= 5V± 1 0% Unless other wise noted) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O-VOO - - ±1.0 pA 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VOL=0.4V 4.0 - - mA 

VOH Output High Voltage 10H= -20pA Voo-O.l - - V 

VOL Output Low Voltage IOL=20pA - - 0.1 V 

CEl =VIH or CE2=VIL or 

ILO Output Leakage Current R/W=VIL - - ±1.0 pA 

or OE=VIH, Vour=O-Voo 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

SYMBOL PARAMETER CONDITIONS MIN. 

CE 1 =VIL and CE2 = tcycle = 1 J.ls 

VIH Other Input= L.U TC5564APL·12 
10001 Operating Current -' u TC5564AFL-12 

VIH/VIL >-u 
10uT=OmA z TC5564APL-15 

~ TC5564AFL-15 

CEl =0.2V and tcycle = 1 J.ls 
CE2 =Voo-O. 2V. 

L.U 

10002 Operating Current Other Input -' TC5564APL-12 
u TC5564AFL-12 

=Voo-0.2V/0.2V >-u 

10uT=OmA z TC5564APL-15 
~ TC5564AFL-15 

100SI Standby Current CE 1 =VIH or CE2 =VIL 

CEI =Voo-O. 2V or Ta=25'C 
100s2 Standby Current CE2=0.2V 

Voo=2 .0-5. 5V Ta=60'C 

Note: (1) In standby mode with CE16VOO-0. 2V. these specification limits are guaranteed under the 

condition of CE26Voo-0.2V or CE2~0.2V. 

(2) All voltage is measured from GN D. 

CAPACITANCE (Ta=25'C. f= 1 MHz) 

SYMBOL PARAMETER CONDIT:ONS 

CIN Input Capacitance VIN=GND 

COUT Output Capacitance VouT=GND 

Note This parameter is periodically sampled and IS not 100% tested. 
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-

-

-

-

-

-

TYP MAX! UNIT 

- 10 

- 45 mA 

- 40 

- 5 

- 40 mA 

- 35 

- 2 mA 

0.01 0.2 
J.lA 

- 1.0 

MAX. UNIT 

10 pF 

10 pF 



oTC5564APL -12, TC5564APL -15 
TC5564AF~12, TC5564AF~15 

A. C.CHARACTERISTICS 

READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tAcc Address Access Time 

tCOl cIT Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output in Valid 

Chip Enable to (CE1, CE2) 
tCOE 

Output in Low-Z 

tOEE Output Enable to Output Low-Z 

too Chip Enable (CE 1 , CE2) Output in High-Z 

Output Enable to 
tooo 

Output High-Z 

tOH Output Data Hold Time 

WRITE CYCLE 

SYMBOL PARAMETER 

TC5564APL-12 TC5564APL-15 
TC5564AFL-12 TC5564AFL-l 5 UNIT 

MIN. MAX. MIN. MAX. 

120 - 150 -

- 120 - 150 

- 120 - 150 

- 120 - 150 

- 60 - 70 
ns 

10 - 10 -

5 - 5 -
--

- 60 - 70 

- 50 - 60 

20 - 20 -

TC5564APL-12 TC5564APL-15 
Tr.5564AFL-12 TC5564AFL-15 UNIT 

·MIN MAX. I\I.IN. MAX. 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output High-Z 

tOEW R/W to Output Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

o Input Pulse Levels 
• Timing Measurement Reference Levels 
• Output Reference Levels 
• Input Pulse Rise and Fall Times 

• Output Load 

2.4V/0.6V 
2.2V/0.SV 
2.2V/0.8V 
5ns 
See Fig. 1 
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120 - 150 

SO - 100 

100 - 120 

0 - 0 

0 - 0 

- 60 -

10 - 10 

50 - 60 

0 - 0 

I/OPino-~--~~~~ 

Fig.l Output Lood 

-

-

-

-

-
ns 

70 

-

-

-

Rl: 2.4 k!l 
R2: 810.0. 
C : lOOpF' 

(Include Jig) 
D :181588 

(or &lui valent) 



TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

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 V 

VIH Input High Voltage Voo-0.2 - Voo V 

VIL Input Low Voltage 0 - 0.2 V 

D. C and OPERATING CHARACTERISTICS (Ta= -1 0-60'C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O-VOO - - ± 1.0 J.l.A 

CE 1 =VIH or CE2 =VIL or 
ILO Output Leakage Current R/W=VIL or OE=VIH - - ± 1.0 J.l.A 

VOUT=O-VOO 

10H Output High Current VOH=Voo-0.2V \ -100 - - J.l.A 

10L Output Low Current VOL=0.2V 100 - - J.l.A 

VOH Output High Voltage 10H= -20J.l.A Voo-O.l - - V 

VOL Output Low Voltage IOL=20J.l.A - - 0.1 V 

m =VIL and CE2=VIH tcycle = 1 J.l.s - 2.0 3.0 

1000' operating Current 
Other input= 

mA 
Voo-0.2V/0.2V 
10uT=OmA. duty 100% tcycle= 10J.l.s - - 0.5 

Ta=25'C - 0.01 0.2 
-

loos Standby Current Current CE 1 =VIL and CE2 =VIH 
J.l.A 

or CE2=VIL 
Ta=60'C - - 1.0 

• All voltage is measured from BND 
* 1000 is nlightly depending on input pulse tr. tf. If long tr. tl pulse is applied. there are some transient current at input stage. These 

specification is garanteed with tr. tl;;;; 20ns 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

3V OPERATE SPECIFICATION 

A. C. CHARACTERISTICS (Ta=-10-60'C, Vo03V±10%) 

READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CE 1 Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

tOH Output Data Hold Time 

tCOE Chip Enable to Output in Low Z 

tOEE Output Enable to Output in Low Z 

too Chip Enable to Output in High Z 

tooo Output Enable to Output in High Z 

WRITE CYCLE 

SYMBOL . PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

. tAS Address Set IIp ~ime 

tWR Write Recovery Time 

tos Data Set Up Time 

tOH Data Hold Time 

toow R/W to Output High Z 

tOEW R/W to Output Low Z 

* Typ. condition is Ta=25'C, Voo=3V 

A. C. TEST CONDITIONS 

• VIN=Vou-0.2V/0.2V 

• Output Reference Level: 1.5V/l.5V 

• Timing Measurement Level: 1.5V/l.5V 

• Input Rise and Fall Time: ~ 20ns 

• Output Load: 100pF (Include Jig) 

- 8-86 -

MIN. TYP. • MAX. UNIT 

1000 - -

- 300 1000 

- 300 1000 

- 300 1000 

- 100 200 

20 - - ns 

10 - -

5 - -

- - 200 

- - 150 

MIN. TYP. • MAX. UNIT 

1000 - -

500 - -

800 - -

100 - -

100 - - ns 

400 - -

50 - -

- - 200 

10 - -

I 



TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

CE2 

DOUT 

WHITE CYCLE (R/E Controlled Write) 

ADDRESSES 

CE2 

twc 

twp 

tow 

tow 

tDS 

TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

OUTPUT DATA VALID 

tWR 

DATA IN STABLE 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

WRITE CYCLE 2 (4) (CEf Controlled Write) 

ADDRESSES 

CE2 

CEI 

DOUT 

DIN 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

CE2 

CEI 

DOUT 

DIN 

twc 

twp 

tow 

tcw 

tODW 

tDS tDH 

DATA IN STABLE 

twa 

tcw 

taw 

tODW 

tDS 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

Note: (1) R/W is High for Read Cycle. (2) Assuming thatCE 1 Low transition or CE2 High transition occurs coincident with 
or after R/W low transition. Outputs remain in a high impedance state. (3) Assuming that CE 1 High transition or 
CE2 Low transition occurs coincident with or prior to R/W High transition. outputs remain in a high impedance 
state. (4) Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 

"-

DATA RETENTION CHARACTERISTICS (Ta= -40-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

I Ta=25'C - 0.01 0.2 
loos2 Standby Current JlA 

I Ta=60'C - - 1.0 

tCOR Chip Deselection to Data Retention Mode 0 - - Jls 

tR Recovery Time tRC(l) - - ns 

CIT Controlled Data Retention Mode (2) 
VIJIJ 

V
IJlJ ----==\ ~--.!:lJ~'\T~A....!:H~r;'!!rr:::::N1!:.!.'1~()N~M()~lJr~; -lr==~--

(JNIJ __________________ _ 

CE2 Controlled Data Retention Mode (4) 
VIJIJ v lJlJ ____ "" IJI,f A l<r:TENT lUN Mum: ---_._-

4,5V ----------

U2V 

ONIJ -------------------

Note: (1) TRe: Read Cycle Time (2) In CE 1 controlled data retention mode, minimum standby current mode is achieved 
under the condition of CE2 ~O. 2V or CE2 ~VDD-02V. (3) If the VIH of CE 1 is 2. 2V in operation. during the period 
that the VDD Voltage is going down from 4.5 to 2.4V. IDDSl current flows. (4) In CE2 controlled data retention 
mode. minimum standby current mode is achieved under the condition of CE2~O.2V: 

DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using 
address activated circuit technology, thus the inter
nal operation is synchronous. Then once row 
address change occur, the precharge operation 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 

ADDRESS 

IDDO(mA) 

80 

60 

40 

20 

-

1\ n 
\ 1\ 

after only row address change. as is shown in the 
following figure. 

This peak current may induce the noise on Voo/ 
GND line. Thus the use of about 0.1 JLF decoupling 
capacitor every device is recommended to eliminate 
such noise. 

VDD=5,5V 

V IH= 5,':W 
V1L=0.2V 

HORIZON 200ns/div 

Fig. TYPICAL CURRENT WAVEFORMS 
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TC5564AP~12, TC5564AP~15 
TC5564AF~12, TC5564AF~15 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 
28 

Unit in mrn 
15 

Note: Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center or each lead that is obtained on the basis of 
No.1 and No.28 leads. 

MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 
28 

1 

I 18.9 MAX 

I 
'J' 
~ Lr 11" 

II O.43±O.1 1.27 ±O.O5 

Unit in mrn 
15 

] 
14 

~ 

I~ 
I N 

'J 
"1.I7 
O-r-

rl 
ci 
~ 

~II m±03 I 
~LA ~ 

I 1,·5±OA 
ri 
0 

Note: Lead pitch is 1.27 and tolerance is ±O. 12 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 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. 

© May, 1986 Toshiba Corporation 
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32,768 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC55257 PL-S5, TC55257 P-l O/PL-l 0 
TC55257 P-12/PL-12 

I DESCRIPTION I 
The TCSS257P is 262,144 bit static random access memory organized as 32,768 words 

by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of 5mA/MHz(Typ.) and minimum cycle time of 85ns. 

lfuen CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2~A typically. The TCSS257P has two control inputs. Chip 
enable (CE) allow for device selection and data retention control, and an output 
enable input (OE) provides fast memory access. Thus the TCSS2S7P is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TCSS257P is offered in a dual-in-line 28 pin standard plastic package. 

i FEATURES I 

• Low Power Dissipation 
27 .St:Jtl/:lliz(~!a:<.) Operating 

• Standby Current 
lOOuA(Max.): TC55257PL-85/ 

PL-IO/ 
PL-12 

,laA(Max.); TC55257P-IOI 
P-12 

• SV Single Power Supply 
• Power Down Feature: ~ 

I PHI COilNECTImJ I (TOP VIE~J) 

AI .. "DD 
AI:': 27 W'N 

A7 26 Al3 
Ad 25 .-\8 
A5 24- A',) 
A .. 23 All 
A.3 22 or; 
A2 21 A10 
Ai 20 CZ 
AC, 19 1./08 

I/O 1 18 I/O 7 
I/O:': 17 I/O 6 
1./0.3 Iii I/O 5 

GUD 1 .. 15 I/O .. 

PHI NAMES 

AO '" A14 Address Inputs 
'[?/W Read/Write Control 

OE Output Enable Input 

CE Chip Enable Input 

1/01 '" 1/08 Data Input/Output 
VDO PotoJer (+SV) 

GNO Ground 

• Data Retention Supply Voltage: 2.0'" S.SV 
• :\ccess Time ---------- TC55257PL-85 TC55257P-10 TC55257P-12 

TC55257PL-10 TC55257PL- 12 

Access Tille (Max. ) 85ns lOOns 120ns 

CE Access Time (Nax. ) 85ns lOOns 120ns 

Output Eo.able T i.e (M.ax. ) 400s SOns 60ns 

• Directly TTL Compatible: All Inputs and Outputs 
• Standard 28 pin DIP 

Input 

IBLOCK DIAGRAi·: I 

A5 
A6 

A7 
A8 
A9 

All 
.-\12 
Al3 
Al4-

I/O 1 

vos 

C E o--~I>-- C E 
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MEMORY CELL 
ARRAY 

512 x 32-16 
(2621H) 

--aVDD 
-----0 QND 



TC55257P~85, TC55257~10/P~10 
TC55257 P-12/PL -12 

1 OPERATION MODE I 

OPERATION MOOE CE 

Read L 

Hrite L 

Output Oeselect L 

Standby H 

l~lAXI~lU~l RATINGS\ 

snfBOL ITD1 

VOO Power Supply Voltage 

VI~ Input Voltage 

VI/O Input and Output Voltage 

Po Power Oissipation 

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operating Temperature 

* •••••• -3.0V at pulse width SOns 

ID C RECOMMENDED OPERATING CONDITIONSI 
ST.-mOL PARMIETER 

VOO Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

OE 

L 

* 
H 

* 

VOH Oata Retention Supply Voltage 

- 8-92 -

R/W 1/01 '" l/Oa Pot-lER 

H °OUT 1000 

L Ol~ 1000 

H High-Z 1000 

* High-Z IOOS 

*) H or L 

RATI~G UNIT 

-0.3"'7.0 V 

-0.3*'" 7.0 V 

-0.5'" VOO+O.5 V 

1.0 tJ 

260 • 10 °C.sec 

-55'" 150 °c 

0'" 70 °c 

MIN. TYP. HAX. UNIT 

4.5 5.0 5.5 V 

2.2 - VOO+O·3 V 

-0.3 - 0.8 V 

2.0 - 5.5 V 



1C55257 PL-85, 1C55257 P-l O/PL-l 0 
1C55257 P-12/PL-12 

10 C and OPERATING CHARACTERISTICsl (Ta=O~ 70°C, Voo=5V+10%) -
SYHBOL PA!W,1ETER TEST CONDITION HIN. TYP. :1AX. UNIT 

IlL Input Leakage Current Vw=O~ Von - - ±1.0 uA 

10H Output High Current VOH=2.4V -1.0 - - ::lA 

10L Output Low Current VOL=0.4V 4.0 - - rnA 

CE=VIH or R/W"'V1L or OE=V1H ±1.0 \.iA ILO Output Leakage Current - -
VOUT=O ~VOO 

VOO=5.5V tcycle=lus - - 10 
cr=VIL,R/t~=VIH 

InOOl Other Input tcycle= rnA 

=VIH/VIL - - 70 

Operating Current IOUT=OmA ~fin. cycle 

(Read Cycle)* VOO=5.5V 
CE=0.2V, 

tcycle=lu s - - .5 

10002 R/W=VOO-0.2V 
tcycle~ 

IDA 
Other Inuut 
=Von-0.2 /0.2V - - 60 

IOUT=OrnA 
~in. cycle 

IOOSI Standby Current CE=VIH, - - 3 lIlA 

CE=VOO-O.2V TC55257PL - 2 100 \,lA 
IOOS2 Standby Current VOO:a2.0 ~ 5.5V TC55257P - - 1.0 IDA 

* Assum1ng that R/W is Low for Write Cycle, the current consumption 1S twice as much 
as that when R/W is High for Write Cycle. 

I CAPACITANCEI (Ta=25°C f=lMHz) , 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VOUT=GNO 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC55257P~85,TC55257~10/P~10 
TC55257 P-12/PL -12 

IA.C. CHARACTERISTIcsl (Ta=O '" 70 0 G, VDD=5V±lO%) 

Read Cycle 

SYMBOL PARAMETER TEST CONDITION 

tRG Read Cycle Time 
Vnt"'2.4V/O.6V 

tAGe Address Access Time VIH=2.2V 

teo CE Access Time VIV:'O.8V 

tOE 
Output Enable 

in Valid 
to Output t r , tf~5ns 

VOH=2.2V 

teoE 
Chip Enable(CE)to Output 

in Low-Z VOL=O.8V 

tOEE Output Enable to Output 
in Low-Z Output Load: 

Chip Enable(CE)to Output eL(lOOpF) and 
too in High-Z 

1 TTL Gate 

tODO 
Output Enable to Output 

in High-Z 

tOH Output Data Hold Time 

~~r~te Cycl~ 

SYMBOL PARAMETER TEST CONDITION 

tt~e Write Cycle Time 

t!-lP Write Pulse Width VIN:a2.4V/O.6V 

tew 
Chip Selection 

Write 
to End of VIH-2.2V 

VIL-O.8V 
tAS Address Set up Time t r • tf~5ns 

tT,.1R Write Recovery Time 

toow R/W to Output High-Z 

tOEW R/W to Output LOw-Z 

tos Data Set up Time 

tOR Data Hold Time 

Note: Input pulse levels-VIN 

TC55257PL-!l5 

MIN. MAX. 

85 -
- 85 

- 85 

- 40 

10 -

5 -

- 30 

- 30 

5 -

rrC55 257PL-85 

MIN. MAX. 

85 -
60 -
65 -

0 -
10 -
- 30 

10 -
40 -

0 -

Timing Measurement Reference levels=VIH, VIL 

8-94 -

TC55257P-IO TC55257P-12 
IPL-IO IPL-12 

UNIT 
MIN. MAX. MIN. MAX. 

100 - 120 -

- 100 - 120 

- 100 - 120 

- 50 - 60 

10 - 10 
ns -

5 - 5 -

- 50 - 60 

- 40 - 50 

10 - 10 -

TC55257P-IO TC55257P-12 
IPL-I0 IPL-12 

UNIT 
MIN. MAX. MIN. MAX. 

100 - 120 -

70 - 80 -
90 - 100 -

0 - 0 - ns 

10 - 10 -
- 50 - 60 

10 - 10 -
40 - 50 -

0 - 0 -



TC55257P~85, TC55257~10/P~10 
TC55257 P-12/PL-12 

TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

DOUT 

Vla-~:~I~ VIL- __ I~~~ __________________________ ~ 

~ _____ tn=';=C ______ ~ 

VIH -

VIL-~~~~~--------~--------~~~~~~~~~~~ 

VIH -

VIL-~~~~wr~------~-------L~~~~~~~~~~~ 

CUTFUT DATA VALID 

I'JRITE CYCLE 1 (4) (R/l~ Controlled Hrite) 

twc 

ADDRESSES 

twp 

VIa - ---~--~~~~'n. 

VIL -

VIH -
CE 

VIL -

tocw 

DOtI! 

tDS 

DIN VIa -
DATA IN STABLE 

VIL -
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TC55257PL-85, TC55257 P-l O/PL-l 0 
TC55257 P-12/PL-12 

WRITE CYCLE 2 (4) (IT" Controlled Write) 

t7{C 

V IH _ ............................... -.-....,.."1"""1""""r""'!' ........ ~~ 
t7{P 

VIL- ~~~~~~~~~~~~ __________ ~~~~~~~~~~~~~~ 

V IH - ----------~~~r"'\ 
tc,7{ 

VIH - ----------------------~ I-----------~ r--------------------
VIL -- ______________________ -J ~----------~ ~ __________________ _ 

Xote: 1. R/W is High for Read Cycle. 

2. Assuming that IT low transition occurs coincident with or after R/tv 

Low transition, Outputs remain in a high impedance state. 

J. Assuming that CE High transition occurs coincident with or prior to 

R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 

impedance state during this period. 
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TC55257P~85, TC55257~10/P~10 
TC55257 P-12/PL-12 

I DATA RETENTION CHARACTERISTICSI (Ta"'O '" 70°C) 

ST.-IEOL PARAHETER UIN. TYP. ~1AX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

VOD=3.0V - - 50 
TC55257PL 

IODS2 Standby Supply Current VOO"'5.5V - - 100 

TC55257P - - 1.0 

tCOR Chip Oese1ection to Oata Retention ~'Iode 0 - -
tR Recovery Time tRC(l) - -

Xote (1): Read cycle time 

CE Controlled Data Retention Mode 

VDD -------, I--_-:D;;..:.;A.:..:;.;TA.:.;......:.RE=T.::...;:::::..:;N;..:..T.:....;I O:;.:;N-:~=.W=D=!!: __ --i 

4.5V 

GND 

Note (2): If the VIH of CE is 2.4V in operation, IOOSl current flows during the 

period that the VOO voltage is going do~;n from 4.SV to 2.4V. 
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UNIT 

V 

l.-A 

rnA 

lis 



TC55257P~85, TC55257~10/P~10 
TC55257 P-12/PL-12 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

1 

. Unit in mm 

l~ 

Note: Lead pitch is 2.54 and tolerance is :0.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.2S leads. 

- 8-98 -



1fOSH~lBA MOS MEMORY PRODUCT 
32,768 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

PRELIMINARY 

[QfSCR I PTI ON I 

TC55257AP-l O/APL-l O/AP-12/APL-12 
TC55257A~10/AF~10/A~12/AF~12 

The TC55257AP is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits usIng OIOS technology, and operated trom a single 5V supply. Advanced circuit 
techniques provide both high speed and low power features with a maximum operating cur
rent of 5mA/rnIz and minimum cycle time of 100nsi l20ns. 

Hhen CE is a logic<ll high, the device is pLlcecl in lmv pm'ler standby mode i.n T Ih Jrh 
standby current is 2~A typically. Tile TC55257AP h<lS two control inputs. Chip enable (CE) 
<lllow for device selection and data ret0ntion control, <lnd an output enable input (UE) 
provides fast r.1e::iory access. Thus the TC55257AP Is suitable for use in various mi~roproc
essor application systems where high speed, low power, and battery back up are required. 

TC55257AP is offered in both a standard dual-In-line 28 pIn plastic pac'kage (0.6 
inch width) and small-out-line plastic flat packn~e. 

IFEATURES! 

• Low Power Dissipation 
27. 5ml~/t'f1!z C·[ax.) Operating 

• Standby Current 
100pA(Hax.): TC55257APL-lO/APL-l2 

/AFL-10/AFL-12 
lr.1A(Hax.): TC55257AP-lO/AP-12 

/AF-10/AF-12 
• 5V Single Power Supply 
• Po~ver Dmm Feature: CE 
• Data Retention Supply Voltage: 

2.0'VS.5V 

1PIN CONNECTION! (TOP VIEH) 

A14 
.\12 

A'7 
A6 
.<\5 
A4, 

A3 
.'\2 
Al 
AO 

1/01 
1/02 
1/03 

GND 

I PI N tIAt'1ES I 
AO 'V A14 

R/W 

OE 

CE 

1/01 'V 1/08 

VDD 

GND 

VDD 
l:',/'s 
A13 
A8 
A9 
All 
os 
Ala 
cs 
VA '3 
1/0'7 

1/06 
1/05 
1/04 

Address Inputs 

Read/Write Control 

Output Enable Input 

Chip Enable Input 

Data Input/Output 

Power (+5V) 

Ground 

Input 

• Access Time 
- ---------. TC55257AP-IO/APL-IO TC55257 AP-12/APL-12 

AF-IO/AFL-I0 AF-12/AFL-12 

Access TimeU1A..'{.) lOOns l20ns 
CE Access Time(UAX.) lOOns l20ns 
Output Enable Time SOns 60ns 

(~!AX. ) 

• Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 

I BLOCK D IAGRAr"I! 

A5 

A6 
)..'7 

A8 

.1\9 
All 
A12 
A13 
A14 

I/O 1 o-.---t 

8-99 -

CE 

r..--------...,." 

MEMORY CELL 

ARRAY 

512X32X16 

(262144) 

16 

--oVDD 

~GND 



TC55257 AP-l 0/ APL -10/ AP-12/ APL-12 
TC55257AF-l0/AFL-l0/AF-12/AFL-12 

~ERATION r,10DEI 

OPERATIO~ ~!OOE CE OE 

Read L L 

('irite L ,,;'~ 

Output Deselect L II 

Standby II ':i': 

"') H or L 

SYNBOL ITG! 

VOO Pmver Supply Voltage 

VIN Input V.oltage 

VI/o Input and Output Voltage 

Po Power Dissipation 

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operating Temperature 

* ....... -3.0V at pulse width SOns 

ID.C. RECOMMENDED OPERATING CONDITIONS! 

SYHBOL PARAHETER 

VOD Power Supply Voltage 

VIR Input High Voltage 

VIL Input Low Voltage 

VOR Oata Retention Supply Voltage 

- 8-100-

R/U 1/01 'V 1/08 PO\vER 

H DOUT 1000 

L DI~ 1000 

II lIigh-Z TOOO 

.'. fligh-Z IOOS 

RATING UNIT 

-0.3'\,7.0 V 

-0 • 3 :', 'V 7 . 0 V 

-0.5 'V VOO+O. 5 V 

1.0 Iv 

260 • 10 °c • sec 

-55 'V 150 °c 

O'V 70 °c 

HIN. TYP. HAX. UNIT 

4.5 5.0 5.5 V 

2.2 - VOO+O·3 V 

-0.3 - 0.8 V 

2.0 - 5.5 V 



TC55257A~10/AP~10/AP·12/AP~12 
TC55257A~10/AF~10/A~12/AF~12 

IT[[ and OPERATING CHARACTERISTICSi (Ta=O ",70°C, VDO=5V±10%) 

SYNBOL PARANETER TEST CO~OlTION HIN. TYP. MAX. UNLT 

ILL Input Leakage Current VU-J=O "'Voo - - H.O ~lA 

TOll Output High Current VOH=2.4V -1.0 - - rnA 

10L Output Lm.,r Current VOL=0.4V 4.0 - - rnA 

ILO 
CE=VlH or R/\':=VIL or OE=VIH - - .::1.0 llA Output Leakage Current 
VOUT=O '\" VOO 

VOO=5.5V 
tcycle=lu s - - 10 

CE=VIL, R/~~=VIII 
10001 Other Input rnA 

=V m/V IL 
tcycle= - - 45 

Operating Current IOUT=OmA ~lin. cycle 

(Read Cycle) ;': VDO=5.5V tcycle=llJ S - - 5 (:[=0.2V, 

10002 R/h'=VOD-O.2V rnA 
Other Input tcycle= 
=VDD-O.2V/O.2V - - 40 
IOUT=OmA 

~1in. cycle 

IDOSl Standby Current CE=VIH - - 3 rnA 

CE=VDD-O 2V TC55257APL/ - 2 100 ~A 
IDDS2 Standby Current AFL 

VDD=2 .0 '\, 5. 5V TC55257AP/AF - - 1.0 rnA 

~ ~ssuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is High for Write Cycle 

lCAPACITANCEI (Ta=2SoC f=l'IHz) , 

SYHBOL PARAHETER, TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Outpu~ Capacitance VOUT=GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC55257 AP-l O/APL-l 0/ AP-12/ APL-12 
TC55257A~10/AF~10/A~12/AF~12 

IA.C. CHARACTERISTICSl (Ta=O'\, 70°C, VDD=5V±10%) 

Read Cycle 

SytlBOL PARAHETER TEST CONDITI.ON 

trrc Read Cycle Time VIN=2.4V/0.6V 
tAcc Address Access Time VIH=2.2V 

tco CE Access Time V1L=0.8V 

tOE 
Output Enable to Output tr, tf ~ Sns 
in Valid 

VOH=2.2V -
tCOE 

Chip Enable (CE) to Output 
in Lm·J-Z VOL=0.8V 

f---- -------.- -

tOEE 
Output Enable to Output in 
Lo~v-Z Output Load: 

,-------f----

tOD 
Chip Enable (CE) to Output CL (100pF) and 
in High-Z 

Output Enable to Output in 1 TTL Gate 
tODO High-Z 

tOH Output Data Hold Time 

Hrite Cycle 

SY~1BOL PARAHETER TEST CONDITION 

tHC ~vrite Cycle Time VIN=2.4V/0.6V 

t~-JP Hrite Pulse tvidth VIH=2.2V 

tCl"] Chip Selection to End of VIL=0.8V 
tvrite t r , tf ~ 5ns. 

tAS Address Set up Time 

ttVR tvrite Recovery Time 

tODW R/t..] to Output High-Z 

tOEW R/tv to Output Low-Z 

tDS Data Set up Time 

tDH Data Hold Time 

Note: Input pulse levels=VIN 

Timing Heasurement Reference Levels=VIH, VIL 
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'n ;502o'/'\P-IO/<\l-'lr 1U 'JC552b7 ;'P-12/.-\PL-12 
AF-1U/Al<L-10 .. l.'-1.'./,IFL-12 

UNIT 
HIN. HAX. HIN. HAX. 

100 - 120 -
- 100 - 120 

- 100 - 120 

- 50 - 60 

10 - 10 -
ns 

5 - 5 -

- 50 - 60 

- 40 - 50 

10 - 10 -

1C5525~<\P-10/APL-IO 'IC55257AP-12/APL-12 
AF-IO/AFL-IO • .l..?-12/Ar"L-12 UNIT 

HIN. HAX. MIN. MAX. 

100 - 120 -
70 - 80 -

90 - 100 -
0 - 0 -

ns 
10 - 10 -

- 50 - 60 

10 - 10 -
40 - 50 -

0 - 0 -



TUlING HAVEFORt·1S 

READ CYCLE (l) 

,\DDhE:SSES 
VIL-

TC55257 AP-1 01 APL-1 01 AP-121 APL -12 
TC55257A~10/AF~10/A~12/AF~12 

t(JDO 

L'UUT 
VCri -

------r---~~X~I Cln"PUT DATA VALID 

t'JRITE CYCLE 1 (4) (R/W Controlled Write) 

two 

ADDRESSES 
VIH -

VIL -

t;VR 

rvw VIH - t,,vp 

VIL-

CE 
VIH- tcw 

VIL-

toDW tOEW 

DOUT (3) 

tDS 

VIH-
DIN DATA IN STABLE 

VIL-

- 8-103-



TC55257 AP-l 0/ APL -10/ AP-12/ APL -12 
TC55257A~10/AF~10/A~12/AF~12 

/ HRITE CYCLE 2 (4) (CE Controlled \vrite) 

twc 

ADDRESSES VIH -

VIL -

R/W 

DOUT 

VIH - twp 

~L-~~~~~~~~~~~~ ________ ~~~~~~~~LW~LL~ 

I I 
VIH -

VIL -
~\%\~~: .. ~ ifi, 
, I f I 
:=-: teOE ~toDW ! I 

-------- . ' ~~-----___r!-+I--------------
I I 

tns I I tnH 

\ 1" I 1--04-1 t-
::: = ---------------------J.>i DATA IN STABLE ~=================== 

Note: 1. R/W is High for Read Cycle. 

2. Assuming thatCE low transition occurs coincident .tvith or after R/W 

Low transition, Outputs r~main in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 

R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 

impedance state during this period. 
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TC55257 AP-l 01 APL-l 01 AP-121 APL-12 
TC55257A~10/AF~10/A~12/AF~12 

IDATA RETENTION CHARACTERISTICsl 

SYHBOL PARAHETER· HIN. TYP. HAX. 

VDH Data Retention Supply Voltage 2.0 - 5.S 

TC55257APL VDD=3.0V - - 50 

I DDS2 Standby Supply Current /AFL VDD=S.5V - - 100 
-

TCS5257AP/AF - - 1.0 
I ---

tCDR Chip Dese1ection to Data Retention Hode 0 - -
- -------

tR Recovery Time tRC(l) - -
Note (1): Read Cycle Time 

IT Controlled Data Retention r'lode 

Voo DATA RETENTI ON ~!ODE 

4.5 V 

cs 

GND 

Note (2): If the VIR of CE is 2.4V in operation, IDDS1 current flows during the 

period that the VDD voltage is going do,~ from 4.SV to 2.4V. 
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TC55257 AP-1 0/ APL-1 0/ AP-12/ APL -12 
TC55257 AF-1 0/ AFL-1 0/ AF-12/ AFL-12 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 

Unit in mm 

15 

14 

15.24 ± 0.25 

~~'I ~ ,n-----N 

38.0 MAX ~ 

-- I .' 1'1 II lJ + 0.1 II 0.25 - 0.0 5 

0--15° 1,4 ± 0.15 

Note: Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center of each 
lead that is obtained on the basis of No.1 and No.28 leads. 

MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 
28 15 

1 14 

I ISOMAX. I ~ 
: N 

~~ 
.-i 
ci 

Unit in mm 

g 'I' 11.8 ± 0.3 

~.~~--J 
.1 1;5.0 • 

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBA MUS MEMORY PRODUClI 
32,768 WORD X 8 CMOS PSEUDO STATIC RAM 
SILICON MONOLITHIC 
SILICON GATE CMOS 

I OEseRI PrIm! I 

TC51832P-85, TC51832P-l0 
TC51832P-12 

The TCSl832P is a 2S6K bit high speed cnos pseudo static RAH organized as 32,768 
Hords by 8 bits. The TCSl832P utilized one transistor dynamic memory cell ~vith C~IOS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single pot"er supply of SV±lO% torelance. The OE/RFSH input 
allotvs t~1I'O types of refresh operation - auto refresh .:lnd self refresh. The TCSl832P 
also features static RA1-1 like ~.,rrite function that the input data is ~.Jritten into the 
~emory cell at the rising edge of R/W, thus being easy to interface with microprocessor. 
The TCSI832P is a pin-compatible tvith 256K bit GIOS static RA~'I - TCS52S7P and is 
r.;ouided .J. standard 0.6 inch ~Jid th plas tic DIP. 

I FEATURESI 

• Organization: 32,768 \·:ord x 3 bit 
• Fast Access Time and Cycle Time -- TC51832P-85 TC51832P-IO TC51832P-12 -tCEA CE Access Time . G5ns lOOns 120ns 
tOEA OE Access Time 35ns 40ns SOns 
t1C Cycle Time USns 160ns I90ns 
• Single Power Supply: SV~lO% 
• Static RA1·! like ~irite Function 
• All inputs and outputs: TTL Compatible 

IPHI COnNECTION I 
(TOP V[f0N) 

Al4 VDD 

Al2 R/W 

A7 Al3 

A6 A8 

• Low Power Dissipation 
Operating 303~J(TC51332P-85) 

248mW(TCSI832P-IO) 
220mhl (TC518 32P-12) 

Standby 5.5mH 
Self Refresh: 5.SmW 

• THO types of Refresh Cperation 
Cilpability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit aIDS 
Static RAH TC552S7P 

A5 A9 I BLOCK OIAGRMII A4 All 

A3 OE/RFSH 

A2 AIO VDD GND 

Al CE 

AO I/08 COLUMN 
DECODER 

I/O I I/07 

I/O 2 I/06 00 
0 

I/03 I/05 . Al4-A8 ;::::r 
~ 

GND I/04 0 
;::::r 

iPIIl rlAr'IEsl 
A7-AO 

AO 'V Al4 Address Inputs 

R/~~ 
Read/Hrite Control 
Input 

OE/RFSH Output Enable/Refresh 
Input 

CE Chip Enable Input 
II/ol 'V 1/08 Data Input/Output 

VDD Power (+5V) 
GND Ground R/W o---~~-t--------------------------------~ 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

r1AX mUM RA TI riGS 
STIIBOL IT~1 

VIN Input Voltage 

VOUT Output Voltage 

VOO Power Supply Voltage 

TOPR Operating Temperature 

TSTG Storage Temperature 

TSOLOER Soldering Temperature· Tine 

PD Pm'ler Oissipation 

lOUT Short Circuit Output Current 

D.C. RECGr;illENOED OPERATING CONDITIONS (Ta=O '" 70°C) 

RATING 

-1.0",7.0 

-1.0",7.0 

-1.0"'7.0 

0", 70 

-55'" 150 

260 • 10 

600 

50 

SY:·mOL ITEH HIN. TYP. ~fAX. 

VOO Pm.,rer Supply Voltage 4.5 5.0 5,5 

VIH Input High Voltage 2.4 - 6.5 
VIL Input lOH Voltage -1.0 - 0.8 

D.C. ELECTRICAL CHARACTERISTICS (Voo=5V±10%, Ta=0",70°C) 

SY~lBOL PAR~·!ETER ~IIN • 

OPERATI~G CURRE~T TC5l832P-85 -
1000 Average Power Supply Operating Current TC5l832P-lO -

(CE, Address Cycleling: tRC=tRC ~.fIm TC5l832P-12 -
STANDBY CURRENT 1 

LOOSl Power Supply Standby Current, TTL Level Input -
(CE=OE/RFSH=VIH) 

SELF REFRESH CURRE~T 
IOOF Average Power Supply Self Refresh Current -

(CE=VOO-O. 2V, OE/RFSH=0.2V) 

I~;PUT LEAKAGE CURRE~T 
II(L) Input Leakage Current, any Input -10 

(OV ~ Vel ~ VOO, All Other Inputs not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRE~T -lQ (OOUT is disable, OV ~ VOUT ~ VOO) 

VOH OUTPUT HIGH LEVEL 2.4 Output "H" Level Voltage (IOUT= -SmA) 

VOL 
OUTPUT LmJ LEVEL 
Output "L" Level Voltage (1OUT=4.2mA) -
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UNITS NOTES 

V 

V 

V 

°c 

°c 1 

°c • sec 

mtJ 

rnA 

U:HT ~OTES 

V 
V 2 

V 

~rAX. mHTS ~;OTES 

55 
45 li'A 3,4 
4D 

1 rnA 

1 IT' ... -\ 

10 IiA 

10 uA 

- V 

0.4 V 



TC51832P-85, TC51832P-l0 
TC51832P-12 

ELECTRICAL CHARACTERISTICS AND RECor'1HErIDED AC OPERATING CONDITIONS 

(VDD=5V+10% Ta=O tV 70°C) (Notes 5 6 7 8 9) - , , , , , 
TC51832P-85 TC51832P-10 TC51832P-12 

SY:!BOL PARMIETER UNITS NOTES 
HIN. :fA.X. HIN. HAX. ~-tIN • :·I.-\X. 

tRC 
Random Read or Hrite Cycle 
Time 135 - 160 - 190 - ns 

tR1'(~~ Read Write Cycle Time 200 - 240 - 280 - ns 

tCE CE Pulse {..'idth 85 (10,000 100 10,000 120 10,000 ns 
tp CE Precharge Ti~e 40 - SO - 60 - ns 

tCEA CE Access Time - 85 - 100 - 120 ns 
tOEA OE Access Time - 35 - I 40 - I SO ns 

tCLZ CE to Output in Lm..r-Z 10 - 10 ! - 10 I 

! - ns 

tOLZ OE to Output in Lm..r-Z 0 - 0 I - 0 I - ns 

t~o;1.Z R/W to Output in Low-Z 0 i - 0 - a I - ns I 
tCHZ CE to Output in High-Z 0 20 0 30 0 I ]0 ns 10 I 
tOHZ OE to Output in High-Z 0 ! 20 0 i 

I 
30 0 i 30 ns 10 

t(.;1tZ R/\,l to Output in Hi:5h-Z 0 i 20 0 i 30 0 I JO ns 10 I 

t OHC 
OE Hold Time Referenced to I I I 
CE 0 - 0 I - a - ns 

I I 

tosc OE Set-Up Time Referenced 10 ! - 10 I - 10 - ns 
to CE i 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 

.t:RCH Read Command. Hold Time 0 I - 0 - 0 - ns 
t~.'P Write Pulse Width 60 - 70 I - 85 - ns 

t~::CH (;ri te Command Hold Time 60 I - 70 I - 85 - ns 

~'!ri te Command to CE Lead ! 

I I tCt'lL Time 60 I - 70 - 85 - ns 
, 

Data Set-Up Time Referenced I I 
! 

tOS~·l to R/t.] 35 I - 40 - SO i - ns 11 

tosc Data S~t-Up Time Referenced 

I 40 50 I 11 to CE 35 - - - ns 
-

tomJ Data Hold Time Referenced to 
0 0 0 11 R/U - - - ns 

tOHC 
Data Hold Time Referenced to 

0 11 IT 0 - 0 - - ns 
I 

tASC Address Set-Up Time 0 - 0 - 0 - ns 12 

tARC Address Hold Time 20 - 25 - 30 - ns 12 

tFC Auto Refresh Cycle Time 135 - 160 - 190 - ns 

tRFD CE to RFSH Delay Time 40 - 50 - 60 - ns 
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TC5,1832P-85, ,TC51832P-l 0 
TC51832P-12 

(Continued) 

SY~mOL PARMIETER 

tFAP 
RFSH Pulse t.Jidth 
(Auto Refresh Cycle) 

tFP RFSH Precharge Time 

tFCE RFSH Active to CE Delay Time 

tFSR RFSH Precharge to CE Delay 
Time (Auto Refresh Cycle) 

tFAS RFSH Pulse ~~idth 
(Self Refresh Cycle) 

tFRS RFSH Precharge to CE Delay 
Time (Self Refresh Cycle) 

tFST 
RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

tFHT RFSH Hold Time 
(Refresh Counter Test Cycle) 

tREF Refresh Period 

tT Transition Tine 
(Rise and Fall) 

TC51832P-85 

~-lIN • ~·tAX. 

80 8,000 

30 -
160 -

65 -
8,000 -

160 -
10 30 

65 8,000 

- 4 

3 50 
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TC51832P-10 TC51832P-12 
UNITS NOTES 

HIN. ~IAX. HIN. NA.X. 

80 8,000 80 8,000 ns 13 

30 - 30 - ns 13 

190 - 225 - ns 13 

80 - 95 - ns 13 

8,000 - 8,000 - ns 13 

190 - 225 - ns 13 
1---' 

10 JO 10 30 ns 

65 8,000 65 3,000 ns 

- 4 - 4 ms 

3 50 3 50 ns 



TC51832P-85, TC51832P-l0 
TC51832P-12 

CAPACITANCE (VOO=5V±10%, f=Umz, Ta=O '" 70°C) 
SYNBOL PARM·fETER HI~. HAX. UNIT 

CII Input Capacitance (AO '" A14) - 5 pF 

CI2 Input Capacitance (CE, OE/RFSH, R/m - 7 pF 

CIO Input/Output Capacitance (I/Ol'" 1/08) - 7 pF 

~OTES: 

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

2) All voltages are reference to G~O. 

3) 1000 depend on cycle rate. 

4) 1000 depend on output loading. Specified value are obtained with the output open. 

5) An initial pause 0 f lms ~vith high CE and high OE/RFSH is required after pO\Ver-up 
before proper device operation is achieved. 

6) AC measurements assume t r =5ns. 

7) VIH(min.) and VIL(max.) are reference levels for measuring timing of input sig
nals. Also, transition times are measured between VIH and VIL. 

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

9) The OE/RFSH input operates as the output enable input(OE) and refresh control 
input(RFSH) under the condition of that CE=VIL and CE=VIH, respectively. 

10) tCHZ, tOHZ, tt.JHZ define the time at \vhich the output achieves the ope~ circuit 
condition and is not reference to output voltage levels. 

11) In tvrite cycles, the input data is latched at the earlier of R/~.J or CE rising 
edge. Therefore the input data must be valid during set-~p time(tDS~' tOSC) 
and hold time(tDHW, tOHC). 

12) All address are latched at the falling edge of CEo Therefore must be valid 
during tASC and tARC. 

13) Two refres6 operation - auto refresh and self refresh are determind by the 
OE/RFSH pulse tvidth under the condition of CE=VIH. 

Auto refresh: OE/RFSH pulse tvidth ~ tFAP(max.) 

Self refresh: OE/RFSH pulse width ~ tFAS (min.) 

The following timing parameter must be kept before device proper operation is 
achieved after refresh. 

Auto refresh: tFCE and tFSR 

Self refresh: tFRS 
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TC51832P-85, TC51832P-l 0 
TC51832P-12 

TIM! NG CHART 

READ CYCLE 

AO-Al4 

VIH -

V1L --

V1H __ --~r_~~----~~------------------~~~----~--------

VIL -

tOHZ 

1/01- I/O 8 V OH -----------t-----__ r------{V 
VOL -

DATA-OUT 

E?ZJ Don't Car e 

HRITE CYCLE 

V1H ---~------~~~----------------------~~--------~ 
V1L ~ 

AO-A14 

1/01-1/08 VIH 

V1L 
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tcWL 

tDSW 

tDSC 

DATA-IN 

~Don't Care 



TC51832P-85, TC51832P-l0 
TC51832P-12 

READ HRITE CYCLE 
tRMW 

CE vIH -

v1L -

AO-A14 V1H-

V1L-

o Ej/RFSH 
V1H-

V1L -

v IH -

V
1L 

-

lIN 

VIH-

V1L -

1/01-1/08 

LOUT VOH-

VOL-

tCLZ E?ZL]Don l t Care 

CE ONLY REFRESH CYCLE 

VIH ---.,----1..I\I-o_------------------f t::==~ 
V1L-

AO-Nt ADDRESS 

VIH------~~--+-------------------------------------r-----------~~---

V1L-

V1H-----~r---~-----------------------------------------r-------------

V1L-

1/01-1/08 VOH - OPEN VOL---------------------------------- -----------------------------

E2Zl Don I t Care 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

AUTO REFRESH CYCLE 

VI H _----~L 1-__ ,-; 

V1L -

1/01-1/08 VOH-
VOL _ ---------- OPEN 

Note) AO-A14, R/W=Don' t Care 

SELF REFRESH CYCLE 

1/01-1/08 VOH - __________ _ 
OPEN 

VOL -

Note) AO-A14,R/W=Don't Care 
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REFRESH COUNTER TEST CYCLE (READ WRITE) 

TC51832P-85, TC51832P-l0 
TC51832P-12 

~ tRd~ ~d~ VIli-- - _ tCE ¥f-
VIL - II 
~ ~: ///1///// //// /1/1////11 ///1 /I //II III 1//// //I //// ///11 II ///1/ /////1// AO-A14 

CE;,/RF'SH VIH 

VIL -

VIH 

VIL 

I tpRD I II ~ tpST tpHT 

t ~ ! 
I tRCS tCWL -I 

twp 
1 

i \. 

tDSW I fDHW 

,IN 

VIH_ 

VIL -

1/01-1/08 

LOUT 
VOH -

VOL -

tDSC 1 !tDHc 

F 
DATA-IN 

l,tWHZ 

tCEA I tOHZ ItwLz tCHZ 

rzM DATA-OUT W1 
tCLZ 

~Don/t Care 

REFRESH COUNTER TEST 

The internal refresh operation of TC51832P can be tested by REFRESH COUUTER 

TEST. This cycle perfor~s READ/~mITE operation taking the internal counter address 

as row address and fixed zero as column address. 

The test procedure is as follows. 

CD ~vrite "0" into all the memory cells at normal ~rrite mode. 

@ Read "0" out and ~vrite "1" in each cell by performing REFRESH COillJTER TEST. 

Repeat this operation 256 times. 

CD Check "1" out 0 f 256 bits at normal read mode, ~vhich ~vas ~vritten at ® 
CD Read "1" out and ~vrite "0" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, ~vhich ~vas written at ® 
® Perform the above CD to @) the complement data. 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

IOUTLINE ORA~HNGSI (6028A-P) 

28 

Unit in mm 

15 

14-

~.....-~~_ ......... 3_8,--.O_M,--~I\.X ......... ..-+-+..-,,--_ ~ I / I 1 5.2 4± 02 5 

1/ 

IJ + 0.1 
25 4 ± 0.2 5 II 025 - 0.0 5 

~iOTES: Each lead pitch is 2. 54rr:m. All leads are located ~vithin O. 25mm of 

their true longitudinal position ~th respect to No.1 and No.28 leads. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 
32,768 WORD X 8 CMOS PSEUDO STATIC RAM 
SILICON MONOLITHIC 
SILICON GATE CMOS 

I OESCR! PTImll 

TC51832P~85, TC51832P~10 
TC51832PL-12 

The TCSl832PL is a 2S6K bit high speed CNOS pseudo static RAH organized as 32,768 
tvords by 8 bits. The TCS1832PL utilized one transistor dynamic cemory cell tvith C~[OS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single power supply of 5VtlO% torelance. The OE/RFSH input 
allot·;s ttoJO types of refresh operation - auto refresh and self refresh. The TC5l832PL 
also features static WI like write function that the input data iSHritten into the 
memory cell at the rising edge of R/W, thus being easy to interface Hith microprocessor. 
The TC5l832PL is a pin-compatible tvith 256K bit C:-105 static RAN - TC55257P and is moulded 
a standard 0.6 inch width plastic DIP. 

I FEil.TURESj 

• Organization: 32,768 Hord 8 bit • All inputs and outputs: TTL Com
patible 

• Low POHer Dissipation 
• Fast Access Time and Cycle Time ------ 1 TC51832PL-85 TC51832PL-I0 TC51832PL-12 

tCEA CE Access Time 35ns 
tOEA OE Access Time 35ns 
tRC Cycle Tir:1e 135ns 

• Single Power Supply: SV!lO% 
• Static P~[ like ~"rite Function 

IPIN CONNECTIONi 
(TOP VIEW) 

Al4 

Al2 

A7 

A6 A8 

A5 A9 

A4 All 

A3 OE/RFSH 

A2 

Al CE 

AO 1/08 

1/01 1/07 

1/02 1/06 

1/03 1/05 
I)ND 1/04 

IPIN NAMESi 
AO tVAl4 Address Inputs 

R/'" 
Read/Write Control 
Input 

OE/RFSH Output Enable/Refresh 
Input 

CE Chip Enable Input 
~/Ol tV 1/08 Data Input/Output 

VDn Power (+SV) 
GND Ground 

lOOns 
40ns 

160ns 

120ns 
50ns 

190ns 

Operating 303mW(TC51332PL-8S) 
248mW(TCS1832PL-lO) 
220mW(TC5l832PL-12) 

Standby 1.lmW 
Self Refresh: 1.lmW 

• Two types of Refresh Operation 
Capability 

Auto Refresh 
Self Refresh 

• Pin compatible with 256K bit c~ros 
Static TAN TCS52S7P 

IBLOCK DIAGRAMi 

7 COLUMN 
--------~I DECODER 

ro 
o 

A14-A8 7 ~ 

~~--=4 ~ ________________________ -J 

'. 
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TC51832P~85, TC51832P~10 
TC51832PL-12 

r·1AxINur'1 RATINGS 
snlBOL ITEH 

VIN Input Voltage 

VOUT Output Voltage 

VOO Power Supply Voltage 

TOl?R Operating Temperature 

TSTG Storage Temperature 

TSOLOER Soldering Temperature. Time 

Po Pmver Oissipation 

lOUR Short Circuit Output Current 

D.C. RECOnNErmED OPERATING CONDITIONS (Ta=O '" 70°C) 

SY:·130L ITE:·1 ~H~. 

VOO Pmler Supply Voltage 4.5 

VIH Input High Voltage 2.4 
V1L Input LmV' Voltage -1.0 

TYP. 

5.0 

-
-

D. C. ELECTRICAL CHARACTERI STICS (Voo=5V±10%, Ta=O '" 70°C) 

SY~'IBOL PARANETER 

RATING 
-1.0",7.0 

-1.0",7.0 

-1.0"'7.0 

0'" 70 

-55 '" 150 
260 • 10 

600 

50 

~1AX. 

5.5 

6.5 

0~8 

~lIN • 

OPERATING CURRENT TC51832PL-85 -
1000 Average Power Supply Operating Current TC51832PL-IO -

(CE, Address Cycling: tRC=tRC HIN) TC5l832PL-12 -
'STANOBY CURRENT 1 

IOOS1 Power Supply Standby Current, TTL Level Input -
(CE=OE/RFSH=VIH) 

STA~DBY CURRENT 2 
IOOS2 Power Supply Standby Current, CHOS Level Input -

(CE=OE/RFSH=VOO-0.2V) 

SELF R~FRESH CURRENT 
IOOF Average Power Supply Self Refresh Current -

(CE=VOO-0.2V, OE/RFSH=0.2V) 

nIPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -10 

(OV ~ VIN ~ VOOt All Other Inputs not under Test=OV) 

IO(J.,) OUTPUT LEAK:\GE CURRENT 
(DOUT is disable, OV ;; VOUT ~ VOO) -10 

VOH 
OUTPUT HIGH LEVEL 

2.4 Output "H" \Level Voltage (IOUT=-5mA) I 

VOL 
OUTPUT LotJ LEVEL 
Output "L" Level Voltage (IOUT=4.2mA) -
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UNITS NOTES 
V 1 

V 1 

V 1 

°C 1 

°C 1 

°C·sec 1 

m~.J 1 

r;l.:\ 1 

UNIT NOTES 

V 2 

V 2 

V 2 

~!AX. U~ITS :,;QTES 

55 \ 

45 IT'.rl. 3, 4 
40 I 

1 rP.rl. 

0.2 rnA 

0.2 rnA 

10 u.:\ 

10 ~A 

- V 

0.4 V 



TC51832P~85, TC51832P~10 
TC51832PL-12 

ELECTRICAL CHARACTERISTICS AND RECQi.1NENDED AC OPERATING CGrIDITIGrIS 

(Voo=5Vt10%, Ta=0"-70°C) (Notes 5,6,7,8,9) 

TC51832PL-85 TC51832PL-10 TC51832PL-12 
sY}mOL PARA}fETER UNITS ~OTES 

~nN. ~lAX. ~IIN • ~rAX. ~II~ • ~lAX. 

tRC 
Random Read or IJrite Cycle 

135 160 190 Time - - - ns 

tru·!H Read Write Cycle Time 200 - 240 - 280 - ns 

tCE CE Pulse lJidth 85 10,000 100 10,000 120 110,00O ns 

tp CE Precharge Time 40 - 50 - 60 - ns 

tCEA CE Access Time - 85 - 100 - 120 ns 

tOEA OE Access Time - 35 - 40 - 50 ns 

tCLZ CE to Output in Lm.;-Z 10 - 10 - 10 - ns 

tOLZ OE to Output in Lm.;-Z a - 0 - 0 - ns 

c~JLZ R/W to Output in Lm.;-Z a - 0 - a - ns 

tCHZ CE to Output in High-Z 0 20 0 30 0 30 ns 10 

tOHZ OE to Output in High-Z a 20 0 30 0 30 ns 10 

t~lHZ R/~J to Output in High-Z 0 20 0 30 a 30 ns 10 

tOHC 
OE Hold Time Referenced to 

0 0 0 
CE 

- - - ns 

tasc 
OE Set-Up Time Referenced 

10 
CE 10 - 10 - - ns 

to 

tRCS Read Command Set-Up Time 0 - a - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 

t{.JP Hrite Pulse {.]idth 60 - 70 - 35 - ns 

tHCH Write COIT1nand Hold Time 60 - 70 - 85 - ns 

tCHL 
~Jrite COr:lmand to CE Lead 

60 70 85 
Time - - - ns 

tOS{J 
Data Set-Up Time Referenced 

35 40 50 11 
to R/tJ - - - ns 

tDSC 
Data Set-Up Time Referenced 35 40 50 11 
to CE 

- - - ns 

tDIm Data Hold Time R,~ferenced 
11 

to R/H 0 - 0 - 0 - ns 

tOHC 
Oata Hold Time Referenced 

0 0 0 11 to CE - - - ns 

tASC Address Set-Up Time 0 - 0 - 0 - ns 12 

tAHC Address Hold Time 20 - 25 - 30 - ns 12 

tFC Auto Refresh Cycle Time 135 - 160 - 190 - ns 

tRFD CE to RFSH Delay Time 40 - SO - 60 - ns 

- 8-11 ~-



TC51832P~85, TC51832P~10 
TC51832PL-12 

(Continued) 

ST.-IEOL PARfu'1ETER . 

tFAP 
RFSH Pulse ~.Jidth 

(Auto Refresh Cycle) 
t FP RFSH Precharge Time 

tFCE RFSH Active to CE Delay Time 

t FSR 
RFSH Precharge to CE Delay 
Time(Auto Refresh Cycle) 

tFAS 
RFSH Pulse Width 
(Self Refresh Cycle) 

tFRS 
RFSH Precharge to CE Delay 
Time. (Self Refresh Cycle) 

tFST 
RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

tFt:T 
RFSH Hold Time 
(Refresh Counter Cycle) Test 

tREF Refresh Period 

Transition Time 
tT (Rise and Fall) 

TCS1832PL-8S 
. HI~. HAX • 

80 8,000 

30 -
160 -

65 -

8,000 -

160 -

10 30 

65 8,000 

- 4 

3 50 

C.n.PAC IT.'\r.JCE (VDD=5V::I07" £=l:!Hz, Ta=O 'V 70 o G) 

SY~IBOL PAR..'\1·IETER 

GIl Input Capacitance (AD 1'\, A14) 

GI2 Input Capacitance (GE, OE/RFSH, R/ ~.J) 

CIO Input/Output Capacitance (I/Ol 'V I/OS) 

- 8-120-

TCSl832PL-10 l'CS1832PL-12 
UNITS ~OTES 

HIN. ~tAX. BIN. ~JAX. 

80 8,000 80 8,000 ns 13 

30 - 30 - ns 13 

190 - 225 - ns 13 

80 - 95 - ns 13 

8,000 - 8,000 - ns 13 

190 - 225 - ns 13 

10 30 10 30 ns 

65 3,000 63 ::3,000 ns 

- 4 - 4 ms 

3 50 3 50 ns 

~IIN • ~L-\X. mnT 

- 5 pF 

- 7 pF 

- 7 pF 



:iOTES: 

TC51832P~85, TC51832P~10 
TC51832PL-12 

1) Stresses greater than those listed under "Absolute ~faximum Ratings" may C3.use 
permanent damage to the device. 

2) All volt3.ges are reference to G~ID. 

3) 1000 depend on cycle rate. 

4) 1000 depend on output loading. Specified value are obtained with the output 
open. 

5) An initial pause of lms ~vith high CE and high OE/RESH is required after pm.:er
up before proper d~vice operation is achieved. 

6) ~C measurements 3.ssume tT=5ns. 

7) VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIH and VIL' 

'3) ~'ieasured ~.Jith a load equivalent to 2 TTL loads and 100pF. 

9) The OE/RFSH input operates as the output enable input(OE) and r~fresh control 
input(RFSH) under the condition of that CE=VIL and CE=VIH, respectively. 

10) tCHZ, tOHZ, ttmz define the time at ~-lhich the output achieves the open circuit 
condition and is not reference to output voltage levels. 

11) In ~rrite cycles, the input data is latched at the earlier of R/tJ or CE rising 
edge. Therefore the input data must be valid during set-up time (tOStJ, tOSC) 
and hold time (tOHW, tOHC). 

1.2) All address are latched at the falling edge of CEo Therefore must be valid 
during tASC and tARC. 

13) Two refresh operation - auto refresh and self refresh are determind by the 
OE/RFSa pulse \vidth under the condition of CE=VIH' 

Auto refresh: OE/RFSH pulse \vidth ;; tFAP (max.) 

Self refresh: OE/RFSH pulse width ~ tFAS (min.) 

The follmving timing parameter must, be kept before device proper operatio is 
achieved after refresh. 

Auto refresh: tFCE and tFSR 

Self refresh: tFRS 
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TC51832P~85, TC51832P~10 
TC51832PL-12 

TIMING CHART 
READ CYCLE 

AO-A14 

VIH -

VIL --

VIH ----~~~~------~------------------~r_~----~--------
VIL --

tOHZ 

V01- I/O 8 V OH -- --------+-------t------(V 
VOL -

DATA-OUT 

lZZ)Don/t Care 

HRITE CYCLE 

VIH ---~------~~--------------------------il~--------~ 
VIL -

AO-A14 

1/01-1/08 VIE 

VIL 

twp 

tDSW 

tDSC tDHC 

DATA-IN 

~Don/t Care 

- 8-122-



READ HRITE CYCLE 

AO-A14 vIH-

V1L-

OF;/RFSH 
v1H-

V1L -

tRCS 

v IH -

V 1L -

lIN 

VIH-

V1L -

1/01-1/08 

LOUT 
VOH-

VOL-

CE ONLY REFRESH CYCLE 

CE 
VIH_ 

V1L-

AO-A'"! 
VIH-

VIL-

OE/RFSH 
VIH-

VIL-

VIH-

VIL-

tCEA 

tOLZ 

tCLZ 

tAHC 

TC51832P~85, TC51832P~10 
TC51832PL-12 

tRMW 

~Don' t Care 

1/01-1/08 VOH- ______________________________ OPEN _______________________ __ 
VOL-

~ Don't Care 
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TC51832P~85, TC51832P~10 
TC51832PL-12 

AUTO REFRESH CYCLE 

tRFD 

V I H _-------.1 
V1L -

1/01-1/08 VOH-
VOL _ ---------- OPEN 

Note) AO-A14,R/W=Don't Care 

SELF REFRESH CYCLE 

1/01-I/08 VOH-
VOL ------------ OPEN 

Note) AO-A14,.R/W=Don't Care 

- 8-124-



REFRESH COUNTER TEST CYCLE (READ WRITE) 

TC51832P~85, TC51832P~10 
TC51832PL-12 

tRMW q _tP~~ ~d~ vIR --- ------ _ teE JIr---
V,L - II 
~~: _/fIlii 11/// /II //// III /II /I /1//1// /11 ////1 /1111 /1// //III /////11 ////1/ AO-A14 

OF;/RFSH VIH 

VIL -

VlH 

VIL -

I tFRD 1 II ~ tFST tFHT t ! 
I tRCS tCWL I 

twp 
-I 

/ \ 
I-

tDSW I fDHW 

,IN 
VlH -

VIL -

1/01-1/08 

LOUT 
VOH -

VOL-

tDSC 11tDHC 

DATA-IN 

I tWHZ. 

tCEA I tOHZ ItwLz tCHZ 

~ DATA-OUT ~ 
tCLZ 

~Don/t Care 

REFRESH COU~TER TEST 

The internal refresh operation of TC51832PL can be tesFed by REFRESH COU~TER 

TEST. This cycle performs READ/tffiITE operation taking the internal counter 

address as rG~v address and fixed zero as column address. 

The test procedure is as follows. 

CD ~Jrite "0" into all the memory cells at normal ~virte mode. 

cD Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

CD Check "1" out of 256 bits at normal read mode, ~"hich was ~vritten at @. 
CD Read "1" out and ~vrite "0" in each cell by performing REFRESH COm-ITER TEST. 

Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, ~vhich ~vas ~vritten at ®. 
® Perform the above CD to CD the complement data. 
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TC51832P~85, TC51832P~10 
TC51832PL-12 

IOUTLINE DRAWINGSI (6D28A-P) 

28 

1 

38.0 MAX 

1.4 ± 0.15 

Unit in mm 

15 

14 

15.24 ±O.2 5 

NOTES: Each lead pitch is 2.54mm. All leads are located within O.25mm of 

their true longitudinal position with respect to No.1 3nd No.28 leads. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 
2,048 WORD X 8 BIT STATIC RAM 
SI LICON MONOLITH IC 

N-CHANNEL SILICON GATE MOS PROCESS 

IOESCRI PTI ONI 

TMM2018AO-25, TMM2018AO-35 
TMM2018AO-45 

The TMM2018AD is a 16,384 bits high speed and low power static random access 
memory organized 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 25ns/35ns/45ns and maximum operating current 
of 150mA/135mA/135mA. When ~ goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 
Thus the TMM2018AD is most suitable for use in cache memory and high speed storage. 
The ~12018AD is offered in a 24 pin standard cerdip package with 0.3 inch width for 
high density assembly. 
The T}~12018AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 

IFEATURESI 
• Fast access time 

tACC=25ns: TMH2018AD-25 
tACC=35ns: TMM2018AD-35 
tACC=45ns: TMM2018AD-45 

• Low power dissipation 
ICC=150mA: TMr';2018AD-25 
ICCc:135mA: TMH2018AD-35 
ICC=135mA: TMM2018AD-45 
ISB=20mA 

• Single 5V power supply 

IPI N CONNECTIONI 

A'7 

/-.6 

1.5 

At. WE 
/-.3 DE 
A2 A10 
101 cs 
AO 1/08 

1/01 1/07 
1/02 1/.-:6 
1/0:3 1/05 

GND 1/04 

IPIN NAMESI 

AO-AIO Address Inputs 

• Fully static operation 
• All inputs and outputs 

Directly TTL Compatible 
• ~ower down feature: CS=VIH 
· Output buffer control: OE 
• Three state outputs 
· Inputs protected: All inputs protection against 

static charge. 
• Package: 24 pins standard cerdip package, 0.3 inch 

width 

IBLOCK DIAGRAr~1 

A 5 rI...-.L......J ~.---T----, 

A6 n..-~~--' 

A 7 n..-~..-r--' 

A 8 rl...-.L......J ~,.---y----, 

A9 

A10 

MEMORY 

CELL ARRAY 

( 128X16X8) 

--0 Vee 

--0 OllD 

I/'Ol~==~~~lffi~~~~~~~~~~~~~t===~ I/O 200--ff-f::t--1f...1 

1/01-1 / 08 Data Input/Output 

I/O :3 o----ff1~-+-...I11I 

I/O 4 o--~-D--r--' II 

I/O 5 o--ritH-D-_+_---' I 

I/06O-~~~-+-111 

1/07o-~~~-+-~1 

I/08o-~~~-+-~ 

~ 

m 
O£ 

Vee 

Gt\D 

Chip Select Input 

Write Enable Input 

Output Enable Input 

Power (+5V) 

Ground 

CSo-+---q1"\ 
WE o-........ --aI-J 

OEo-+-f-<:~ 
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TMM2018AO-25, TMM2018AO-35 
TMM2018AO-45 

MAXIMUM RATINGS 

SYMBOL ITEM 

VCC Power Supply Voltage 

VIN Input Voltage 

VIIO Input/Output Voltage 

Topr Operating Temperature 

Tstg Storage Temperature 

Tsolder Soldering Temperature 

PD Power Dissipation 

lOUT D.C. Output Current 

Time 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAHETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Power Supply Voltage 

* Pulse Width: IOns, DC: -0.5V(MIN.) 

MIN. 

2.0 

-3.0* 

4.5 

-D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%) 
SYHBOL PARAMETER CONDITIONS 

IlL Input Current VIN=O-VCC 

VOH Output High Voltage IOH=--4. OmA 

VOL Output Low Voltage IOL=8.0mA 

ILO Output Leakage Current VOUT=O-VCC, "C"S=VIH 

ICC Operating Current CS=VIL 

ISB Standby Current ~=VIH 

ISBP Peak Power-on Current CS=VCC, VCC=0-5.5V 

CAPACITANCE* (Ta=25°C, f=l}ffiz) 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

RATING UNIT 

-3.5-7.0 V 

-3.5-7.0 V 

-3.5-7.0 V 

0-70 °C 

-55-150 °c 

260 • 10 °C·sec 

0.9 W 

20 rnA 

TYP. MAX. UNIT 

- VCC+l. 0 V 

- 0.8 V 

5.0 5.5 V 

MIN. MAX. UNIT 

- ±l.O ~A 

2.4 - V 

- 0.4 V 

- ±1.0 iJA 

-25 - 150 

-35 - 135 mA 

-45 - 135 

- 20 mA 

- 40 rnA 

MAX. UNIT 

5 

10 
pF 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2018AO-25, TMM2018AO-35 
TMM2018AO-45 

A.C. CHARACTERISTICS (Ta-0-70°C, VcC-5V±10%) 
READ CYCLE 

TMM2018AD-25 
SYMBOL PARAMETER 

MIN. MAX. 

tRC Read Cycle Time 25 -
tACC Address Access Time - 25 

tco Chip Select Access Time - 25 

tOE Output Enable to Output Valid - 15 

tCLZ Chip Selection to Output in Low-Z 0 -
Chip Deselection to Output in 

tCHZ High-Z - 15 

tOLZ Output Enable to Output in Low-Z 0 -
tOHZ Output Disable to Output in High-Z - 12 

tOH Output Data Hold Time 5 -
tpu Chip Selection to Power Up Time 0 -

Chip Deselection to Power Down 
20 tpD Time -

WRITE CYCLE 
TH!-12018AD-25 

SYHBOL PARAMETER }lIN. MAX. 

twc Write Cycle Time 25 -
tCV: Chip Selection to End of Write 20 -
tAS Address Set Up Time 0 -
twp \o.'rite Pulse Width 20 -
tWR Write Recovery Time 0 -
t"'LZ WE to Output in Low-Z 0 -
tWHZ WE to Output in High-Z - 12 

tns Data Set Up Time 12 -
tDH Data Hold Time 0 -

A C TEST CONDITONS 
Input Pulse Levels 3.0V/0.OV 

Input Rise and Fall Times 5ns 

TMM2018AD-35 

MIN. MAX. 

35 -
- 35 

- 35 

- 20 

0 -

- 20 

0 -
- 15 

5 -
0 -

- 30 

TMM2018AD-35 

MIN. NAX. 

35 -
30 -

0 -
30 -
0 -
0 -

- 15 

15 -
0 -

Vee 

I/O PINo---......--... 
Input and Output Timing 2.0V/0.8V 
Reference Levels 

Output Load See Fig.l 

:30PFr 

- C-5 -

TMM2018AD-45 

MIN. MAX. 
UNIT 

45 -
- .45 

- 45 

- 20 

0 
, -

- 20 ns 

0 -
- 15 

5 -
0 -

- 30 

TMM2018AD-45 

MIN. MAX. 
UNIT 

45 -
40 -

0 -
35 -

0 - ns 

0 -
- 15 

20 -
0 -

5100 

:3000 



TMM2018AO-25, TMM2018AO-35 
TMM2018AO-45 

TIMING WAVEFORMS 
READ CYCLE 1. (~-VIH, "C"ScVIL) 

tRC 

Add. 

'tACC 

OE 

DOUT 

READ CYCLE 2. (WE=VIH, O!=VIL) 
tRC 

cs 

SUPPLY ICC 

CURRENT ---.;1 S::..::B::......-___ -' 

WRITE CYCLE 1. 

Add. 

DOOT 

OUTPUT DATA VALID 

twc 

'tCW 
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WRITE CYCLE 2. 

twe 

Add 

tew 

Note: 

TMM2018AO-25, TMM2018AD-35 
TMM2018AO-45 

'tWR 

'tDS 

DATA IN STABLE 

1. In read cycle 2, a~l addresses are valid prior to or coincident with 

ts transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 
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TMM2018AO-25, TMM2018AO-35 
TMM2018AO-45 

OUTLINE DRAWINGS 

2, 23 22 21 20 

3 4 5 

2.54 TYP 

19 18 

6 7 

32.4 1.vJ': 

o.Hi±o.15 

1.3 ±o.15 

Unit in mID 

17 16 15 14 13 

] 
8 9 10 11 1~1 

~ 
l025~g.~5 \ 

I. B6-1G.2 I 

Note: Each lead pitch is 2.54mm. All leads are located within O.25rnm 

of their longitudinal position with respect to No.1 and No.24 

leads. 
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TOSHIBA MOS MEMORY PRODUCT 
2,048 WORD X 8 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

IDESCRIPTIONI 

The T~ru20l8AP is a 16,384 bits high speed and low power static random access memory 
organized 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 25ns/35ns/45ns and maximum operating current 
of l50mA/135mA/135mA. When CS goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 
Thus the TMM20l8AP is most suitable for use in cache memory and high speed storage. 
The T~ru20l8AP is offered in a 24 pin standard plastic package with 0.3 inch width for 
high density assembly. 
The T~rn2018AP is fabricated with ion implanted N channel silicon ggte MOS technology 
for high performance and high reliability. 

IFEATURESI 

• Fast access time 
tACC=25ns: THH20l8AP-25 
tAcc=35ns: TMr-12018AP-35 
tAcc=45ns: TMM20l8AP-45 

• Low power dissipation 
ICC=150mA: TMr-12018AP-25 
ICC=l35mA: TNN20l8AP-35 
ICC=l35mA: THN20l8AP-45 
ISB=20mA 

!PIN CmHlECTION! 

A7 v~::: 

A6 ~e 

A5 A9 
A4 WE 
A3 OE 
A2 AI0 

Al Cs 
AO 1/08 

1/01 1/07 

1/02 1/06 

1/03 1/05 
GND 1/04 

IPIN NAMESI 
AO '\,AlO Address Inputs 

1/01 IV 1/08 Data Input/Output 

CS Chip Select Input 

• Single 5V power supply 
• Fully static operation 
• All inputs and outputs: Directly TTL compatible 
• Power down feature: CS=VIH 
• Output buffer control: DE 
• Three state outputs 
• Inputs protected: All inputs protection against 

static charge. 
• Package: 24 pin standard plastic package, 0.3 inch 

width. 

jBLOCK DIAGRAf.11 

cs 

~v-A 

A 

A 

A 
A 

5v 

A 

Al 

I/O 
I/O 

I/O 
I/O 

I/O 
1/0 
I/O 

I/O 

5-
7 
8 

9u-

0 

1 

2 

3 
4_ 

5-
6-
7 

8 

+- .~ 
~ r---
~ r-- ::s 

0 
~ r-- t:' 

~ =-r-- A -
~ r-- ~ 
~ r--- i: 

....:=r--"--

. 1'00 

;:---.. 
.... -..........., II 
0 J 
0 
:---... 
~ 

J ~ 

II 
............., 

f--- --ovcc 

MEMOhY --oGND 

CELL MillAY 
(128)"'16>:8 ) 

-

1""11 I ... 
COLUMN ]/0 ~ ::--

:::::::E CIRCUIT ~ II ~ r=~ 

r- COLUMN I ~ 
DECODER ::"-

I " 
I II ::"-

H~ ~ ~ ~ A ~ ~ ::----. 
;,:--.. 

6 0 6 cs 0<........ 
AO A1 A2 A3 

WE Write Enable Input 

OE Output Enable Input 

Vec Power (+5V) 

GND Ground 

cs 
WI!: 

OE 

C-9 

~ ;: 
,J-
~ " 

I 



TMM2018AP-25, TMM2018AP-35 
TM M20 18AP-45 

MAX I HUf·' RAT I NGS 

SYHBOL ITEH 

VCC Power Supply Voltage 

VIN Input Voltage 

VI / O Input/Output Voltage 

Topr Operating Temperature 
Tstg Storage Temperature 

Tsolder Soldering Temperature -Time 
PD Power Dissipation 

lOUT D.C. Output Current 

D.C. RECOnt!JENDED OPERATING CONDITIONS 

SYNBOL PARANETER 

VIH Input High Voltage 

VIL Input Lot.] Vol tage 

VCC Power Supply Voltage 

* Pulse Width: IOns, DC: -0.5V (MIN.) 

RATING 

-3.5'V7.0 

-3.5'V7.0 

-3.5'V7.0 

o 'V 70 

-55 'V 150 

260 - 10 
0.9 

20 

NIN. TYP. 

2.0 -
-3.0* -
4.5 5.0 

D. C. CHAR;\CTERI STI CS (Ta=O 'V 70°C, VCC=5V±10/~) 

SYHBOL PAP-A!'lETER CO!'-ol)lTIONS 

IlL I Input Current VIN=O 'V VCC 

VOl-I Output High Voltage IOH=-4.0rnA 

VOL Output Lm.] Vol tage I OL=8.0rnA 

ILO Output Leakage Current VOUT=O 'V VCC, CS=VIH 

-25 

ICC Operating Current CS=V1L -35 

-45 

ISB Standby Current CS=VHl 

ISBP Peak Power-on Current CS=VCC, VCC=O 'V 5. 5V 

CAPACITANCE* (Ta=25°C, f=lMHz) 

SYMBOL PARANETETI CONDITIONS 

CIN Input Capacitance VIN=OV 
COUT Output Capacitance VOUT=OV 

UNIT 

V 

V 

V 
Cc 

°c 

°C-sec 
\~ 

rnA 

MAX. UNIT 

VCC+1.0 
0.8 V 

5.5 

r-lIN. MAX. UNIT 

- ±1.0 lJA 

2.4 - V 

- 0.4 V 

- ±1.0 ~A 

- 150 

- 135 rnA 

- 135 

- 20 
rnA 

- 40 

HAX. UNIT 

5 
pF 

10 

* Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=O IV 70°C. VCC=5V±10%) 

Read Cycle 

TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

SYNBOL PARAMETER THN20l8AP-25 TMM20l8AP-35 TMM20l8AP-45 UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 25 - 35 - 45 -
tACC Address Access Time - 25 - 35 - 45 

tco Chip Select Access Time - 25 - 35 - 45 

tOE Output Enable to Output Valid - 15 - 20 - 20 

tCLZ Chip Selection to Output in Low-Z 0 - 0 - 0 -

tCHZ Chip Deselection to Output in - 15 - 20 - 20 
High-Z ns 

tOLZ Output Enable to Output in Low-Z 0 - 0 - 0 -
tOHZ Output Disable to Output in High-Z - 12 - 15 - 15 

tOH Output Data Hold Time 5 - 5 - 5 -
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tpD Chip Deselection to Power Down 

20 30 30 Time - - -

\-o'rite Cycle 

THH20l8AP-25 THN20l8AP-35 THH20l8AP-45 
UNIT SY~!BOL PARA.~ETER 

NIN. t-lAX .. NIN. MAX. MIN. NAX. 

twe Write Cycle Time 25 - 35 - 45 -
tCl-: I Chip Selection to End of write 20 - 30 - 40 -
tAS Address Set Up Time 0 - 0 - 0 -
t\-oTP Write Pulse Width 20 - 30 - 35 - ns 
t, .. m Write Recovery Time 0 - 0 - 0 -
t\o.TLZ WE to Output in Low-Z 0 - 0 - 0 -
t\o.TI-IZ WE to Output in High-Z - 12 - 15 - 15 

tDS Data Set Up Time 12 - 15 - 20 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS 

Input Pulse Levels 3.0V/0.OV Vee 

Input Rise and Fall Times 5ns 

Input and Output Timing 
2.0V/0.8V 

Reference Levels I/O PI N o-----.---t 

Output Load See Fig.l 

Fig.l OUTPUT LOAD 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

THlING WAVEFORr·1S 

READ CYCLE 1. (WE=VIH, CS=VIL) 

Add. 

tOLZ 

Dour 

READ CYCLE 2. 

Dour 

~UI<P!..Y 

CUfihE!IT 

\·nUTE CYCLE 1. 

Add. 

tOE 

OUTPUT DATA VALID 

twc 

tcw 
--------------~ 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

WRITE CYCLE 2. 

twc 

Add. 

tOHZ 

DOUT ____________________________ -J 

tDS tDH 

DIN DATA IN 

Note: 1. In read cycle 2, all addresses are valid prior to or coincident 

with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 

flow exceeding 400 linear feet per minute. 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

OUTLINE DRAWINGS 

24 13 

~::::::::::]]l 
1 12 

0.5 ± 0.15 

1.4:± 0.15 

I ::!.54:± 0.25 

Note: Each lead pitch is 2.54mm. 

Unit in mrn 

7.62±0.25 

All leads are located within O.25mrn of their longitudinal 

position with respect to No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
4,096 WORD X 4 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 

TMM2068AO-25, TMM2068AO-35 
TMM2068AO-45 

The TMM2068AD is a 16,384 bits high speed and low power static random access memory 
organized as 4,096 words by 4 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 tin~ of 25ns/35ns/45ns and maximum operating current 
(If 135/l20/120mA h'hen L5 goes'high, the device is deselected and placed in a ](l .... ' 
po\,'er standby mode in \,'hich maximum standhy current is 2OrnA. 
Thus the T~m2068AD is nost suitable for us in cache memory and high speed storage 
The TN!-12068AD is offered in a 20 pin standard cerdip package .... 'ith 0.3 inch width jor 
high density assembly. 
The T~~12068AD is fabricated with ion implanted N channel silicon gate MOS technology 
f or high perf ornance and high reI iabiJ i ty. 

FEATURES 
. Fast access time 

tAcc=25ns: TH?·12068AD-25 
tAcc=35ns: nl}12068AD-35 
tAcc=45ns: TMM2068AD-45 

LO\.' po\,'cr dissipation 
lcc=135mA: TM~2068AD-25 
lcc=120mA: nl}I.2068AD-35 
1 CC= 120::1,\: Tm12068AD-45 
] SB=20mA 

Single 5V pO\Jer supply 

PH~ CONl'JECTIDrl 

1-.7 vcc 
A€ AS 

A5 A9 

1.4. A1D 

1.3 ,All 

A';. 1/01 
1.1 I/O';. 
AD 1/03 
cs 1/04 

GND WE 

(TOP VI EVi ) 

PIN NAI1ES 

AO-All Address Inputs 

1/01-1 / 0 4 Data Inpu t/Ou tpu t 

CS Chip Selec t 1 npu t 

. Fully static operation 

. All inputs and outputs: Directly TTL compatible 
Po\.Jer do .... ·n feature CS=VIH 
Three state (lutputs 
Inputs protected: All inputs protection against 

static charge'. 
Package: 20 pins standard cerd i p pac1:age, 0.3 inch 

\ddth. 

BLOCK DIAGRAI·' 

J..~ 

J..€ 

1-.7 

1-.S 

A9 

A 10 ""-L.-.I -,--y-----, 

A 11 ......L--""<-_+__---I 

MEMORY 

CELL ARRAY 
(1';.SX3'i.X4) 

1/01 ~==:r~~srr~~~~~~~~~~~n=~~~~ 1/0 ~ OD-----1t-U~-' 

1/03 o---m-Ct--t-"'I 

1/04 O---.r!+I-~-t--' 

CS AD Al A'Z A3 At,. 

\~E Hrite Enable Input Cs o--t--a-"'" 
WEo-t--1t-t4-..J 

VCC Power (+5V) 

GND Ground 
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TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 

r1AXIt1U~1 RATINGS 

SYHBOL ITD1 

VCC Power Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Topr Operatjng Temperature 

Tstg Storage Temperature 

Tsolder Soldering Temperature·Time 

PD Power Dissipation 

IOllT D.C. Output Current. 

D. C. REcor·11·1ENDED OPERATING CONDITIONS 

SYHBOL PARAHETER 

\'1 H Input High Voltage 

\'IL Input Lm" Vol tage 

VCC PO\ver Supply Voltage 

* Pulse Width: IOns, DC: -0.5V (Hin.) 

RATING 

-3.5-7.0 

-3.5-7.0 

-3.5-7.0 

0-70 

-55-150 

260·10 

1.0 

20 

HIN. TYP. 

2.0 -
-3. O~'~ -

4.5 5.0 

D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±]0/.:) 

SY~mOL rARA~lETER COi\DITIONS 

J I L 1 nput Current VIN=O-VCC 

VOH Output High Voltage IOH=-4.OmA 

VOL Output Low Voltage IOL=8. OmA 

ILO Output Leakage Current VOUT=O-VCC, CS=VIH 

-25 
-

ICC Operating Current CS=VIL -35 

-45 

ISB Standby Current CS=VIH 

ISBP Peak Power-on Current CS=VCC, VCC=0-5.5V 

CAPACITANCE* (Ta=25°C, f=lHHz) 

SYHBOL PARAHETER CONDITIONS 

eIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

UNIT 

V 

V 

V , 
°c 

°c 

°C'sec 

W 

nA 

HAX. lTNIT 

VCC+l.0 V 

o.n V 

5.5 V 

mN. ~1AX. UNIT 

- ±1.0 l1A 

2.4 -" V 

- 0.4 V 

- ±1.0 l1A 

- 135 

- 120 rnA 

- 120 

- 20 rnA 

- 40 rnA 

NAX. UNIT 

8 pF 
8 

* Note: This parameter is periodically sampled and is not 100%·tested. 
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TMM2068AO-25, TMM2068AO-35 
TMM2068AO-45 

A.C. CHARACTERISTICS (Ta=0-70°C, VCC~5V±10%) 

Read Cycle 

SYHBOL PARAMETER TW12068AD-25 

MIN. MAX. 

tRC Read Cycle Time 25 -
tACC Address Access Time - 25 

tco Chip Select Access Time - 25 

tCLZ 
Chip Selection to Output 5 -in Low-Z 

tCHZ 
Chip Deselection to 0 15 Output in High-Z 

tOH Output Data Hold Time 5 -

tpu 
Chip Selection to Power 

0 -Up Time 

tpD 
Chip Deselection to Power 20 Do\·,m Time -

Write Cycle 

SYHBOL PARAHETER nlN2CJ68AD-25 

mN. MAX. 

th1C \~ri te Cycle Time 25 -
Chip Selection to End of 

tC\~ Write 20 -

tAS Address Set Up Time 0 -
thT Write Pulse Width 20 -
tWR Write Recovery Time 0 -
tWLZ WE to Output in Low-Z 0 -
tWHZ WE to Output in High-Z 0 10 

tDS Data Set Up Time 10 -
tDH Da ta Hold Time 0 -

A.C. TEST CONDITIONS 
Input Pulse Levels 3.0V/0.OV 

Input Rise and Fall Times 5ns 

Input and Output Timing 2.0V /0. 8V 
Reference Levels 

Output Load See Fig.l 

- C-17 -

THM2068AD-35 TMM2068AD-45 
UNIT 

NIN. MAX. MIN. HAX. 

35 - 45 -
- 35 - 45 

- 35 - 45 

5 - 5 -

0 20 0 20 ns 

5 - 5 -

0 - 0 -

- 30 - 30 

nm2068AD-35 nl~12068AD-45 UNIT 
MIN. MAX. t-llN. t-lAX. 

35 - 45 -
l 

30 - 40 -

0 - 0 -
30 - 35 - ns 

0 - 0 -
0 - 0 -
0 15 0 15 

15 - 20 -
0 - 0 -

Vee 

510n 

30pF 1 :300n 

-; 



TMM2068AO-25, TMM2068AO-35 
TMM2068AD-45 

TIMING WAVEFORMS 

READ CYCLE 1. (WE=VIH, CS=VIL) 

tRC ~~ 

------~~ji;======t=A=C=C===========!========~jXJIL Jt~~H----\ -----------------

----------------------~~ou-r-~U-Tr--DA-r~A-V-A-L-ID-~~----------

J..DDRESEES 

Dour 

READ CYCLE 2. (\~E=VIH) 

CE 

Dour 

SUPl'LY 
CUr'p,El;r 

J...DDRESSES 

Dour 

tpu tpD ~ 
~----O-U-T-PU-'T--DA-.T-A-V-A-L-ID~--~/ 

_~C~S~~ ______ . __ ~ I ~--------------------------------~ll~ ________ __ 

twc 

tcw 

tViP 

HIOH n,a'EDANCE 

tDS 
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TMM2068AO-25, TMM2068AO-35 
TMM2068AO-45 

\ l-.TRITE CYCLE 2. 

J...DDRESSES _xt twe WI 1'---: 

t.:rr ~ tcw "WI-'--I t", ~ r 

·~F---------------------------------~I 
f--I -----:.;..=...~'nP __ 1 

_____________________ i_t_wH_z~~~------H-IO-H--l-v.p-E-D-A-N-cE __ ~I~I----------------
---------------------------------><t~1 ~--D-A~::~S~I-ll-S~J""~EtDHl><~--------

Note 1. In read cycle 2, all addresses are valid prior to or coincident with 

CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 
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TMM2068AO-25, TMM2068AO-35 
TMM2068AO-45 

OUTLINE DRAWINGS 

~o 

1.5~±Cl~5 

I\()t(>: [acb lcad pitch is 2.54mm. 

Unit in mm 
II 

f.e -10.0 

All leads are located \dtllin 0.25mm of their longitudinal position ""ith 

respect to No.1 and No. 20 lea(l~ .. 
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TOSHIBA MOS MEMORY PRODUCT 
4,096 WORD X 4 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 

TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

The TMM2068AP is a 16,384 bits high speed and low power static random access memory 
organized as 4,096 words by 4 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 25ns/35ns/45ns and maximum operating current 
of l35/l20/l20mA. When CS goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 
Thus the TMM2068AP is most suitable for us in cache memory and high speed storage. 
The T~ill2068AP is offered in a 20 pin standard plastic package with 0.3 inch width for 
high density assembly. 
The TMM2068AP is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 

FEATURES 
• Fast access time 

tAcc=25ns: TMM2068AP-25 
tAcc=35ns: TMM2068AP-35 
tACC=45ns: T~ill2068AP-45 

• Low power dissipation 
ICC=135mA: TMM2068AP-25 
ICC=120mA: TMM2068AP-35 
ICC=120mA: T~lli2068AP-45 

I SB=20mA 
• Single 5V power supply 
• Fully static operation 

PIN CONNECTION 

A7 Vee 
A6 AS 
A5 A9 
A4 AIO 
A3 All 

A2 1/01 

Al 1/02 

AO 1/03 
Cs 1/04 

OND WE 

(TOP VIEW) 

PIN NA~1ES 

AO'VAll Address Inputs 

1/01 'V 1/04 Data Input/Output 

CS Chip Select Input 

WE \~rite Enable Input 

VCC Power (+5V) 

GND Ground 

• All inputs and outputs: Directly TTL compatible 
• Power down feature CS=VIH 
• Three state outputs 
• Inputs protected: All inputs protection aganist 

static charge. 
• Package: 20 pins standard plastic package, 

0.3 inch width. 

BLOCK DIAGRAt-1 

A 5 ""-,--,,,,....-r---. 

A6 n...+....rr-r-...., 

A7 n...+....rr-r--, 

AS n...+....rr-r--, 

A9 n...+.....rr-r--, 

Al 0 o-t--a:::r=::I 
Alln-+-rr-r--, 

MEMORY 

CELL ARRAY 

(l28X32/4 ) 

---0 Vee 

---oOND 

I/OIo-~~~--~~~r-~------~~~~~----~ 

I/02O-~~>-+-Jlr-.-. 

1/0:3 o--fl+-£)--f-..II 

I/O 4 o--fl+t-£)--f-..J 

es 
es o-t---.q .. 
WEO-r--~J 
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TMM2068AP-25, TMM2068AP.35 
TMM2068AP-45 

r"1AXH1UM RATINGS 
SYMBOL ITEM 

VCC Power Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Topr Operating Temperature 

Tstg Storage Temperature 

Tsolder Soldering Temperature. Time 

PD Power Dissipation 

lOUT D.C. Output Current 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Power Supply Voltage 

* Pulse Width: IOns, DC: -0.5V (Min.) 

D.C. CHARACTERISTICS (Ta=Orv70°C, VCC=5V±10%) 

RATING 

-3.5rv7.0 

-3.5rv7.0 

-3.5rv7.0 

o rv 70 

-55 rv 150 

260 • 10 
1.0 

20 

MIN. TYP. MAX. 

2.0 - VCC+1.0 
-3. O~'~ - 0.8 

4.5 5.0 5.5 

SYHBOL PARAHETER TEST CONDITION MIN. 
IlL Input Current VIN=O rv VCC -
VOH Output High Voltage IOH=-4.0rnA 2.4 

VOL Output Low Voltage TOL=8.0rnA -
_ .... 

I LO Output Leakage Current \10UT=0 rv VCC, CS=VIH -
-25 -

ICC Operating Current CS=VIL -35 -
-45 -

ISB Standby Current CS=VIH -
ISBP Peak Power-on Current CS=VCC, VCC=O rv 5. 5V -

CAPACITANCE* (Ta=25°C, f=lMHz) 

\ UNIT 
V 

V 

V 

°c 

°c 

°C'sec 
H 

rnA 

UNIT 

V 

V 

V 

MAX. UNIT 

±1.0 lJA 

- V 

0.4 V 

±1.0 lJA 

135 

120 rnA 

120 
20 rnA 

40 rnA 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 
CIN Input Capacitance VIN=OV 8 pF 
COUT Output Capacitance VOUT=OV 8 

* Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=O rv70°C, Vcc=5V±10%) 

Read Cycle 

TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

TMM2068AP-25 TMM2068AP-35 TMH2068AP-45 
SYHBOL PARAHETER HIN. MAX. HIN. MAX. HIN. MAX. UNIT 

tRC Read Cycle Time 25 - 35 - 45 -
tAcc Address Access Time - 25 - 35 - 45 

tco Chip Select Access Time - 25 - 35 - 45 

tCLZ 
Chip Selection to Output in 

5 5 5 - - -Low-Z 
Chip Deselection to Output ns 

tCHZ in High-Z 0 15 0 20 - 20 

tOH Output Data Hold Time 5 - 5 - 5 -

tpu 
Chip Selection to Power Up 

0 - 0 - 0 -Time 

tpD Chip Deselection to Power 
20 30 30 - - -Down Time 

Hrite Cycle 

TMH2068AP-25 TMM2068AP-35 THH2068AP-45 
SYHBOL PARAHETER UNIT 

HIN. HAX. MIN. MAX. HIN. MAX. 

tHC Hrite Cycle Time 25 - 35 - 45 -
Chip Selection to End of 20 - 30 - 40 -tcw Write 

tAS Address Set Up Time 0 - 0 - 0 -
t~JP Hrite Pulse Width 20 - 30 - 35 -

ns 
tUR Write Recovery Time 0 - 0 - 0 -
tHLZ WE to Output in Low-Z 0 - 0 - 0 -
tWHZ WE to Output in High-Z 0 10 0 15 0 15 

tDS Data Set Up Time 10 - 15 - 20 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS Vee . 

Input Pulse Levels 3.0V/0.OV 
510n 

Input Rise and Fall Times 5ns 
I/O PIN 0--_-..... 

Input and Output Timing 2.0V/0.8V 
Reference Levels 300n 

Output Load See Fig.l 

Fig.l OUTPUT LOAD 
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TMM2068AP-25, TMM2068AP-35 
< TMM2068AP-45 

TIMING WAVEFORMS 

ADDRESSES 

READ CYCLE 2. 

DOUT 

SUPPIJY ICC 
CUf\RENT ISS 

-------' 

WRITE CYCLE 1. 

ADDHESSES 

DOUT 

tOH 

OUTPUT DATA VALID 

tCHZ 

OUTPUT DATA VALID 

tpD 

twc 

tcw 

HIGH IMPEDANCE 

tDS 
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WRITE CYCLE 2. 

ADDRESSES 

DOUT 

twc 

TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

tDS 

DIN DATA IN STABLE 

Note 1. In read cycle 2, all addresses are valid prior to or coincident with 

CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

OUTLINE DRAHINGS 

~::::::: ::1] 
1 10 

24.6 MAX. 

0.5±0.15 2.54 ± 0.25 

1.4:1. 0.15 

Note: Each lead pitch is 2.54mm. 

, , 
" " ,', 

1./ 

Unit in mm 

a4TYP. 

All leads are located within O.25mm of their longitudinal position 

with respect to No.1 and No.20 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
4,096 WORD X 4 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

TMM2078AO-25, TMM2078AO-35 
TMM2078AO-45 

IDESCRI PTIONI 
The TMM2078AD is a 16,384 bits high speed and low power static random access 

memory organized as 4,096 words by 4 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 25ns/35ns/45ns and maximum operating current 
of 135mA/120mA/120mA When cg goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 
Thus the TMM2078AD is most suitable for use in cache memory and high speed sto~age. 
The T~lli2078AD is offered in a 22 pin standard cerdip package wi~h 0.3 inch width 
for high densi~y assembly. 
The TMM2078AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 

IFEATURESI 
Fast access time 

tACC=25ns: T}lli2078AD-25 
tACC=35ns: T~lli2078AD-35 
tACC=45ns: TMM2078AD-45 

. Low power dissipation 
1CC=135mA: THH2078AD-25 
ICC=120mA: TMM2078AD-35 
1CC=120mA: TM}12078AD-45 
ISB=20mA 

• Single jV power supply 

A7 

A6 

A4 

l .. :3 

A2 

Al 

A oJ 

CS 

IPI N NAMESI 

AO-All 

1/01-1 / 04 

~ 

vec 
AS 
A9 

AlO 

All 
N.C. 
1/01 
1/02 

1/03 

1/04-

WE 

Address Inputs 

Data Input/Output 

Chip Select Input 

Fully static operaion 
• All inputs and outputs 

Directly TTL Compatible 
• Power down feature: CS=VIH 
• Output buffer control: OE 
• Three state outputs 
• Inputs protected: All inputs protection against 

static charge. 
· Package: 22 pins standard cerdip package, 0.3 inch 

width 

ISLOCK DIAGRAMI 

A5 

A6 
---0 

A7 ME!.:CR Y 

AS --0 
·:'E:.L ARRAY 

A9 

AIO ( 128X32X4-) 

All 

I/O! 

1/02 

1/03 

r /04 

CS AO Al A2 A3 A4 

W£ Write Enable Input 

OE Output Enable 

VCC Power (+5V) 

GND Ground 

N.C. No Connection 

Input CSo-~_<1""""""cs 
W Eo-+-<,.....--Q...J 

OE~rt~rl~ ______________________________________ ~ 
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TMM2078AO-25, TMM2078AO-35 
TMM2078AO-45 

MAXIMUM RATINGS 

SYMBOL ITEM 

VCC Power Supply Voltage 

VIN Input Voltage 

VItO Input/Output Voltage 

Topr Operating Temperature 

Tstg Storage Temperature 

Tsolder Soldering Temperature 

PD Power Dissipation 

lOUT D.C. Output Current 

Time 

D.C. RECOMMENDED OPERATI'NG CONDITIONS 

SYMBOL PARAMETER MIN. 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -3.0* 

VCC Power Supply Voltage 4.5 
* Pulse Width: IOns, DC: -0.5V(MIN.) 

D.C. CHARACTERISTICS (Ta=0-70°C Vcc~5V±10%) , 0 

SY!-mOL PARAMETER CONDITIONS 

IlL Input Current VIN=O-VCC 
VOH Output High Voltage IOH=-4.0rnA 

VOL Output Low Voltage IOL=8.0mA 

ILO Output Leakage Current VOUT=O-VCC, CS=VIH 

ICC Operating Current CS=VIL 

ISB Standby Current CS=VIH 

ISBP Peak Power-on Current CS=VCC, VCC=0-5.5V 

CAPACITANCE* (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER CONDITIONS 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

RATING UNIT 

-3.5-7.0 V 

-3.5-7.0 V 

-3.5-7.0 V 

0-70 °c 

-55-150 °c 

260 • 10 °C·sec 

0.9 W 

20 rnA 

TYP. MAX. UNIT 

- VCC+1. 0 V 

- 0.8 V 

5.0 5.5 V 

MIN. MAX. UNIT 

- ±1.0 ~A 

2.4 - V 

- 0.4 V 

- ±1.0 uA 

-25 - 135 

-35 - 120 rnA ----
-45 - 120 

- 20 rnA 

- 40 rnA 

MAX. UNIT 
8 

8 
pF 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2078AO-25, TMM2078AO-35 
TM M207 8AO-45 

A.C. CHARACTERISTICS (Ta s O-70°C, Vcc=5V±10%) 

READ CYCLE 
TMM2078AD-25 

SYMBOL PARAMETER 
MIN. MAX. 

tRC Read Cycle Time 25 -
tACC Address Access Time - 25 

tco Chip Select Access Time. - 25 

tOE Output Enable to Output Valid - 15 

tCLZ Chip Selection to Output in Low-Z 0 -
tCHZ 

Chip Deselection to Output in 
15 High-Z -

tOLZ Output Enable to Output in Low-Z 0 -
tOHZ Output Disable to Output in High-Z - 10 

tOH Output Data Hold Time 5 -
tpu Chip Selection to Power Up Time 0 -

Chip Deselection to PO\oler Down 
tpD Time - 20 

WRITE CYCLE 
TMM2078AD":25 

SYMBOL PARAMETER 
MIN. MAX. 

twc Write Cycle Time 25 -
tcw Chip Selection to End of Write 20 -
tAS Address Set Up Time 0 -
twp Write Pulse Width 20 -
tWR Write Recovery Time 0 -
tWLZ WE to Output in Low-Z 0 -
tWHZ WE to Output in High-:Z - 10 

tDS Data Set Up Time 10 -
tDH Data Hold Time 0 -

A.C.TEST CONDITIONS 
Input Pulse Levels 3.0V/0.OV 

TMM2078AD-35 TMM2078AD-45 

MIN. MAX. MIN. MAX. 

35 - 45 -
- 35 - 45 

- 35 - 45 

- 20 - 20 

0 -' 5 -

- 20 - 20 

0 - 0 -
- 15 - 15 

5 - 5 -
0 - 0 -

- 30 - 30 

TMM2078AD-35 TMM2078AD-45 

MIN. MAX. MIN. MAX. 

35 - 45 -
30 - 40 -
0 - 0 -

30 - 35 -
0 - 0 -
0 - 0 -

- 15 - 15 

15 - 20 -
0 - 0 -

Vee 

5100 

Input Rise and Fall Times 5ns 
I/O PIN o-----1r-----t 

30
PPI :3000 

Input and Output Timing 2.0V/0.8V 
Reference Levels 

Output Load See Fig.1 
Fig.l Output Load 
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ns 

UNIT 

ns 



TMM2078AD-25, TMM2078AD-35 
TM M207 8AD-45 

TIMING WAVEFORMS 
READ CYCLE 1. (WE=VIH, ~=VIL) 

Add. 

tOH 

DOUT OUTPUT DATA VALID 

READ CYCLE 2. (WE=VIH, OE=VIL) 

Dour OUTPUT DATA VALID 

SUPPLY 

CURREn 

WRITE CYCLE 1. 

Add. 

t'nP 

HIGH IMPEDANCE 
DOUT 

tDS 

DATA IN STABLE 
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WRITE CYCLE 2. 

Add. 

CS 

WE 

CJE 

DOUT 

Note: 

twc 

tcw 

HIGH 

TMM2078AO-25, TMM2078AO-35 
TMM2078AO-45 

twp 

IMPEDAN~E 

tDS tDH 

1. In read cycle 2, all addresses are valid prior to or coincident with 

CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 
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TMM2078AO-25, TMM2078AD-35 
TMM2078AD-45 

OUTLINE DRAWINGS 

O.46±O.15 

2.54 TYP l~ ± (l.l5 

Unit in mm 

. []I 

Note: Each lead pitch is 2.S4mm. All leads are located within O.2Smm 

of their longitudinal position with respect to No.1 and No.22 

leads. 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

IDESCRIPTIONI 

TMM2088P-35, TMM2088P-45 
TMM2088P-55 

The TMM2088P is a 65,536 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 8 bits and operates from a single 5-volt 
supply. The TMM2088P is features an automatic stand-by mode when deselect by CSl 
signal. Thus the TM}12088P is suitable for use in cache memory and high speed storage. 
The TMM2088P is offered in a 28 pin standard plastic dual in-line package with 0.3 inch. 
width for high density assembly. 

I FEATURESI 

• Access Time and Current 
Access Operating 

Time Current 
(MAX. ) (MAX. ) 

TMM2088P-35 35ns l35mA 
TMM2088P-45 45ns l35mA 

Standby 
Current 

(MAX. ) 

l5mA 

• Inputs Protected: (All inputs hav~ 
Protection against 
static charge.) 

l5mA ISLOCK DIAGRAt~ I 
~----------~-----4---------+------~ 
TM}12088P-55 55ns l35mA 
• Single 5V Power Supply 
• Fully Static Operation 
• Power Do~~ Feature: (CS1) 
• Output Buffer Control: (OE) 
• Three State Outputs 
• All Inputs and Outputs: 

(Directly TTL Compatible) 

I PIN CONnECTION I 

N.C. vce 
A12 WE 

A7 CS2 
A6 A8 
A5 A9 
A4 All 
A3 OE 
A2 AIO 
Al CSI 
AD V08 

1/01 1/07 
1/02 1/06 
1/03 1/05 

1/04 

I PIN NA~1ES I 
AO 'V A12 Address Inputs 

\~E Write Enable Input 
OE Output Enable Input 

CSI, CS2 Chip Select Inputs 
1/01 'V 1/08 Data Input/Output 

VCC Power (+5V) 
GND Ground 
N.C. No Connection 

l5mA 
MSB 

Al2 ~.------ '-' I 

( 

1/08 

IOPERATION r.10DEI 

MODE 
Write 
Read 
Standby 
Standby 
Output Buffer 
Disable 
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CSl 
L 
L 
H 
L 

L 

WE 

OE 
CS2 

CS1 

CS2 
H 

H 

* 
L 

H 

A4 r--...,. AD 
MSB LSB 

OE WE 1/01 'V 8 Power 

* L In Active 
L H Out Active 

* * High-Z Standby 

* * High-Z Active 

H H lligh-Z Active 



TMM2088P-35~ TMM2088P-45 
TMM2088P-55 

I ~1AXn1UM RATINGSI 

SYMBOL ITEM 

VCC Power Supply Voltage 

VIN, VOUT . Input Output Voltage 

Topr. Operating Temperature 

Tstg. Storage Temperature 

Tsolder Soldering Temperature. Time 

Po Power Dissipation (Ta=70°C) 

RATING 

-3.5"'7.0 

-3.5"'7.0 

0'" 70 

-55 '" 150 

260 • 10 

1.0 

I D. C. RECor,1MENDED OPERATING CONDITIONS (Ta=O '" 70 b C) I 
SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.2 - VCC+1.0 

VIL Input Low Voltage -3 .O~" - 0.8 

VCC Supply Voltage 4.5 5.0 5.5 

* Pulse Width: IOns, DC: -0.5V (Min.) 

I D.C. CHARACTERISTICS (Ta=O '" 70 c C, Vcc=5.0V+lO%) I -

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV '" 5 .5V 

IOH Output High Current VOH=2.4V 

IOL Output Low Current VOL=0.4V 

UNIT 

V 

V 

°c 

°c 

°C·sec 

W 

UNIT 

V 

V 

V 

ILO Output Leakage Current 
CSl=VIH or CS2=VIL or WE=VIL 

or OE=VIH, VOUT=OV",5.5V 

ISBP Peak Power-on Current CSl=VCC, CS2=OV, IOUT=OmA 

ISB Standby Current CSl=VIH, IOUT=OmA 

ICC Operating Current CS1=VIL, IOUT=OmA 

ICAPACITANCE* (Ta=25°C f=lOMHz)1 2 . 
SYMBOL PARAMETER CONDITION MAX. UNIT 

CIN Input Capacitance VIN=OV 8 pF 

COUT Output Capacitance VIN=OV 10 pF 

MIN. 

-1.0 

-4.0 

8.0 

-1.0 

-
-
-

* Note: This parameter is periodically sampled and is not 100% tested. 
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MAX. UNIT 

1.0 \.lA 

- rnA 

- rnA 

1.0 \.lA 

30 rnA 

15 rnA 

135 rnA 



IA.c. CHARACTERISTICS (Ta=O IV 70"C, VCC=5V±10%)I 

READ CYCLE 

TMM2088P-35, TMM2088P-45 
TMM2088P-55 

TMM2088P-35 TMM2088P-45 TMM2088P-55 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 35 - 45 - 55 -
tACC Address Access Time - 35 - 45 - 55 
tCOI CSI Access Time - 35 - 45 - 45 

tC02 CS2 Access Time - 25 - 25 • - 30 

tOE OE Access Time - 20 - 20 - 25 

tOH 
Output Data Hold Time from Address 

5 Change - 5 - 5 - ns 

tCLZ Output Enable Time from CSI or CS2 0 - 5 - 5 -
tCHZ Output Disable Time from CST or CS2 - 20 - 20 - 20 

tOLZ Output Enable Time from OE 0 - 0 - 0 -
tOHZ Output Disable Time from OE - 15 - 15 - 20 
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tPD Chip Deselection to POwer Down Time - 30 - 30 - 30 

vJRITE CYCLE 
TMI.'2088P-35 TMM2088P-45 TMM2088P-55 

SYMBOL PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

tHC Write Cycle Time 35 - 45 - 55 -
tCH Chip Selection to End of Write 30 - 40 - 50 -
tAS Address Set Up Time 0 - 0 - 0 -
twp Write Pulse Width 25 - 35 - 45 -
tWR t\lrite Recovery Time 0 -

ns 
0 - 0 -

tDS Data Set Up Time 15 - 20 - 20 -
tDH Data Hold Time 0 - 0 - 0 -
tWLZ Output Enable Time from WE 0 - 0 - 0 -
tWHZ Output Disable Time from WE - 15 - 15 - 20 

IA.C. TESI CONDITIONS I 
IFig. 11 

Vee 

Input Pulse Levels 0.0 IV 3.0V 

Input Rise and Fall Time 5ns 5100 

Input and Output Reference Levels 2.0V/0.8V I/O Pin o--_-~ 

Output Load Fig. 1 3000 
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TMM2088P-35, TMM2088P-45 
TMM2088P-55 

ITIMING WAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

CS2 

High 
1m edance OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

CS2 

twc 

twp 

tcw 

tcw 

High 
Impedance 

tDS 

DATA IN STABLE 
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WRITE CYCLE 2 (4) (CSI Controlled Write) 

twc 

ADDRESSES 

CS2 tcw 

tcw 

DOUT 

tDS 

DATA IN 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

twc 

ADDRESSES 

CS2 
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TMM2088P-35, TMM2088P-45 
TMM2088P-S5 

High Impedance 



TMM2088P-35, TMM2088P-45 
TMM2088P-55 

Note: 1. WE is High for Read Cycle. 

WE,CS2 

DOUT 

2. Assuming that CSI Low transition or CS2 High transition occurs coin

cident with or after WE Low transition, Outputs remain in a high 

impedance state. 

3. Assuming that CSI High transition or CS2 Low transition occurs coin

cident with or prior to WE High transition, Outputs remain in a high 

impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the 

load shown in Fig. 1. 

(A) 

(B) 

(A) 

_.-.-;;H;;.;;i=h;.....;;;.I;;;;.mp;:;..e..;..d;;;.;a;;.;n.;;..;c;...;e~_~I_-+O.15V 
O~5V 
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Output Enable Time 

Output Disable Time 

(B) 



DIP 28 PIN OUTLINE DRAWING 

TMM2088P-35, TMM2088P-45 
TMM2088P-55 

Unit in nun 

350MAX. ~ ~I 

~~~ 

Note: Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 9 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

TM M2089C-35 
TMM2089C-45 
TMM2089C-55 

PRELIMINARY 

The TMM2089C is a 73,728 bits high speed N
channel silicon gate MOS static random access 
memory organized as 8,192 words by 9 bits and 
operates from a single 5-volt supply. The 
TMM2089C is features an automatic stand-by mode 
when deselect by cST signal. Thus the TMM2089C 

is suitable for use in cache memory and high speed 
storage. The TMM2089C has nine I/O terminals, 
therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089C is offered is a 28 prn 
standard ceramic dual in-line package with 0.3 inch 
width for high density assembly. 

FEATURES 

o Access Time and Current 

~ 
Access 

Part Time 

Number (MAX.) 

TMM2089C-35 35ns 

TMM2089C-45 45ns 

TMM2089C-55 55ns 

o Single 5V Power Supply 
o Fully static Operation 
o Power Down Feature: (CS 1 ) 
Q Output Buffer Control: (OE) 
o Three State Outputs 

Operating 

Current 

(MAX.) 

135mA 

135mA 

135mA 

PIN CONNECTION (TOP VIEW) 

A8 vee 
A7 WE 
A6 eS2 
A5 A9 
A4 A10 
A3 All 
A2 OE 
Al A12 
AO eSl 

I/O 1 I/O 9 
I/02 I/O 8 
I/O 3 I/O 7 
I/04 I/O 6 

GND I/O 5 

PIN NAMES 

Ao-AI2 Address Inputs 

CS1,CS2 Chip Select Inputs 

WE Write Enable Input 

1/01-1/09 Data Input/Output 

OE Output Enable Input 

Vee Power (+5V) 

GND Ground 

Standby 

Current 

(MAX.) 

15mA 

15mA 

15mA 

• All Inputs and Outputs: (Directly TIL Corpatible) 
• Inputs Protected: (All inputs have protection 

against static charge.) 

BLOCI{ DIAGRAM 

MSB 
A12 

( 
LSB 

A5 

VOl 

( E-t 
~::J 
E-tP-t 
~z 

I/O 9 
AH 

OPERATION MODE 

MODE CS1 CS2 OE 

Write L H * 
Read L H L 

Standby H * * 
Standby L L * 
Output Buffer 

L H H 
Disable 

WE 

OE 

eS2 

CSl 

WE 

L 

H 

* 
* 
H 

----<:l Vee 

~GND 

1/01-9 Power 

In Active 

Out Active 

High-Z Standby 

High-Z Active 

High-Z Active 
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TMM20S9C-35, TMM20S9C-45 
TMM20S9C-55 

SYMBOL ITEM 

Vee Power Supply Voltage 

VIN, Vour Input Output Voltage 

Topr. Operating Temperature 

Tst9· Storage Temperature 

Tnolder Soldering Temperature .• Time 

PD Power Dissipation (Ta = 70'C) 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

* Pulse width: 10ns, DC: -0.5V (Min.) 

SYMBOL PARAMETER 

IlL Input Leakage Current 

IOH Output High Current 

IOL Output Low Current 

lLo Output Leakage Current 

ISBP Peak Power-on Current 

ISB Standby Current 

lee Operating Current 

;CAPAcrTANce'- * (Ta=25'C, f= 1 .0MHz) 
> '" '- .<'< ,<,'>.; 

SYMBOL PARAMETER 

CIN Input Capacitance 

Cour . Output Capacitance 

RATING 

-3.5-7.0 

-3.5-7.0 

0-70 

-55-150 

260·10 

1.0 

MIN. TYP. MAX. 

2.0 - Vee+l.0 

-3.0 - 0.8 

4.50 5.00 5.50 

TEST CONDITION MIN. 

VIN=OV-5.5V -1.0 

VOH=2.4V -4.0 

VOL=O.4V 8.0 

CSl =VIH or CS2=VIL or WE=VIL or OE=VIH, 

VOUT=OV-5.5V 
-1.0 

CSl =Vee, CS2=OV, lour=OmA -
CSl =VIH, lour=OmA -
CSl =VIL, lour=OmA -

CONDITION 

VIN=OV 

VIN=OV 

* Note: This parameter IS p'enodlcally sampled and IS not 100% tested . 
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--
UNIT 

V 

V 

'C 

'C 

'C'sec 

W 

UNITS 

V 

V 

V 

MAX. UNIT 

1.0 J.lA 

- mA 

- mA 

1.0 J.lA 

30 mA 

15 mA 

135 mA 

MAX. UNIT 

8 pF 

10 pF 



A. C. CHARACTERISTICS 

READ CYCLE 

(Ta=0-70·C. VCC= 5V± 10%) 

TMM20S9C-35 
SYMBOL PARAMETER 

MIN. MAX. 

tRC Read Cycle Time 35 -

tACC Address Access Time - 35 

teOl CS 1 Access Time - 35 

te02 CS2 Access Time - 25 

tOE OE Access Time - 20 

Output Data Hold Time from Addres~ 
tOH 5 -

Change 

tClZ Output Enable Time from CS 1 or CS2 0 -

teHZ Output Disable Time from CS 1 or CS2 - 20 

tOLZ Output Enable Time from OE 0 -
tOHZ Output Disable Time from OE - 10 

tpu Chip Selection to Power Up Time 0 -

tpo Chip Deselection to Power Dowen Time - 30 

WRITE CYCLE 

SYMBOL PARAMETER 
TMM20S9C-35 

MIN. MAX. 

twc Write Cycle Time 35 -
tcw Chip Selection to End of Write 30 -
lAs Address Set Up Time 0 -
twp Write Pulse Width 25 -

tWR Write Recovery Time 0 -
tos Data Set UP Time 15 -
tOH Data Hold Time 0 -
tWlZ Output Enable Time from WE 0 -

tWHZ Output Disable Time from WE - 10 

A.C.TEST CONDITIONS 

Input Pulse Levels 3.0V/0.OV 

Input Rise and Fall Time 5ns 

Input and Output Reference Levels 2.0V/0.SV 

Output Load Fig.1 

- C-43 -

TMM2089C-35, TMM2089C-45 
TMM2089C-55 

TMM20S9C-45 TMM20S9C-55 
UNIT 

MIN. MAX. MIN. MAX. 

45 - 55 -
- 45 - 55 

- 45 - 45 

- 25 - 30 

- 20 - 25 

5 - 5 - ns 

5 - 5 -

- 20 - 20 

0 - 0 -

- 10 - 15 

0 - 0 -
- 30 - 30 

TMM20S9C-45 TMM20S9C-55 
UNIT 

MIN. MAX. MIN. MAX. 

45 - 55 -
40 - 50 -

0 - 0 -

35 - 45 -
0 - 0 - ns 

20 - 20 -

0 - 0 -

0 - 0 -
- 10 - 15 

Vee 

I/O PIN 0--__.----.. 

Fi g.l Output Load 



TMM2089C-35, TMM2089C-45 
TMM2089C-55 

• READ CYCLE (1) 

tOOl 

t OLZ(5) 

DOUT 

High tOLZ(~ 
Imp e da nee 11-----'=-----1 

tOLZ(5) 

• WRITE CYCLE 1 (4) (WE Controlled Write) 

two 

ADDRESSES 

CS2 

DIN ____________________ -J 

OUTPUT DATA VALID 

- C-44 -



• WRITE CYCLE 2 (4) (CS 1 Controlled Write) 

tcw 

tcw 

tWHZ (5) 

o WRITE CYCLE 3 (4) (CS2 Controlled Write) 

twc 

ADDRESSES 

CS2 
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TMM2089C-35, TMM2089C-45 
TMM2089C-55 

High Impedance 



TMM2089C-35, TMM2089C-45 
TMM20Qge-55 

NOTE: 
1. WE is High for Read Cycle. 
2. Assuming that CS 1 Low transition or CS2 High transition 

occurs coincident with or after WE Low transition. Out
puts remain in a high impedance state. 

3. Assuming that CS 1 Hight transition or CS2 Low transition 
occurs coincident with or prior to WE High transition. 
Outputs remain is a high impedance state. 

4. Assuming that OE is High for Write Cycle. Outputs are in 
high impedance state during this period. 

5. These parameters are specified as follows and measured 
by using the load in Fig. 1. 

(A) teLz. tOll. twLZ .. • .. ·Output Enable Time 
(B) tCHZ. tOHZ. twHZ ...... Output Disable Time 

WE,CS2 

(A) 

1_~--------{~----------------------~==±=O.15V 
High Impedance High Impedance 

1'--L------~r~--------------------~==~~.15V 
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TMM2089C-35, TMM2089C-45 
TIVIM20~9C,-55 

<,>,', v',, "_"" '. " <., 

OUTLINE DRAWINGS 

Unit: mm 

28 2'1 26 25 24 23 22 21 20 19 18 17 16 15 

38.0 MAX. 

I 18.0 MAX. 7.62±0.25 

;: ~~ 
10 2.54TYP. 0.46±0.1 1.27±0.1 10 ~ 
N 0 ~ 

+0.1 
0.25 - 0.05 

8.0- 9.0 

Note: Each lead pitch is 2. 54mm. 
All leads are located within O. 25mm of their longitudinal position vyith respect to No.1 and No. 28 leads. 
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TMM20a9C-35, TMM2089C-45 
TMM2089C-55 

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. 

C May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 9 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

\DESCRIPTION\ 

TMM2089p-35, TMM2089P-45 
TMM2089p-55 

The THM2089P is a 73,723 bits high speed N-channel silicon gate MOS static random 
access memory organized as ~,192 words by 9 bits and operates from a single 5-volt 
supply. The T~lli2089P is features an automatic stand-by mode when deselect by CSI 
signal. Thus the TMM2089P is suitable for use in cache memory and high speed storage. 
TheTMl'12089P has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089P is offered in a 28 pin standard plastic dual in-line 
package with 0.3 inch width for high density assembly. 

\FEATURESI 

• Access Time and Current 
Acc.ess Operating Standby 

~ Part Time Current Current 

• Inputs Protected: (All inputs have 
protection against 
static charge.) 

Number (HAX. ) (HAX. ) 
THM2089P-35 35ns l35mA 
Tt-ll-12089P-45 45ns l35mA 
Um2089P-55 55ns l35mA 

• Single 5V Power Supply 
• Fully Static Operation 
• Pm.Jer Down Feature: (CSI) 
• Outpot Buffer Control: (DE) 
• Three State Outputs 
• All Inputs and Outputs: 

(Directly TTL Compatible) 

\PIN COrHlECTIONI 

A8 Vc 
A7 WE 
A6 CS2 
A5 A9 
A4 AIO 
A3 All 
A2 BE 
Al A12 
AO CBl 

I/O] 1/09 
1/02 1/08 
1/03 1/07 
1/04 ,/06 
GND 1/05 

IPIN NAr~ESI 
AO'VAI2 Address Inputs 

HE Hrite Enable Input 
OE Output Enable Input 

CSl, CS2 Chip Select Inputs 
1/01 'V r/09 Data Input/Output 

VCC Power (+5V) 
GND Ground 

(HAX. ) 
l5mA ISLOCK DIAGRAt-1I 
l5mA 
l5mA 

MSB 
1112 - Ir----., .------, 

{ ---COND 

A5V""""L~~ 

I/09 

IOPERATION ~10DEI 

MODE CSI CS2 OE HE 1/01 'V 9 Power 

Hrite L H ,,;'~ L In Active 
Read L H L H Out Active 
Standby H .f- oJ( ,': High-Z Standby 
Standby L L ";~ ~': High-Z Active 

Output Buffer L H H H High-Z Active 
Disable 
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TMM2089P-35, TMM2089P-45 
TMM2089P-55 

I MAX H1Ur·1 RA:flfl@ 

SYMBOL ITEM 

VCC Power Supply Voltage 

VIN, VOUT Input Output Voltage 

Topr. Operating Temperature 

Tstg • Storage Temperature 

Tsolder Soldering Temperature • Time 

PD Power Dissipation (Ta=70°C) 

RATING 

-3.5'V7.0 

-3.5'V7.0 

o 'V 70 -
-55 'V 150 

260 • 10 

1.0 

I D C RECof1r~ENDED OPERATING CONDITIONS (Ta=O 'V 70°C) I 
SYMBOL PARAMETER ~lIN • TYP. 

UNIT 

V 

V 

°c 

°c 

°C·sec 

W 

MAX. UNIT 

VIR Input High Voltage 2.2 - VCC+1.0 V 

VIL Input Low Voltage -3. O~'~ - 0.8 V 

VCC Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: IOns, DC: -0.5V(Min.) 

-

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage Current VIN=OV 'V 5. 5V 

lOR Output High Current VOH=2.4V 
--- - ----- ----------- ----------t---------- ------

IOL Output Low Current VOL=0.4V 

ILO Leakage Current 
CSl=VIR or CS2=VIL or WE=VIL 

Output 
or OE=VIlI, VOUT=OV 'V 5. 5V 

ISBP Peak Power-on Current CSl==VCC ' CS2=OV, I OUl'=OrnA 

ISB Standby Current CSl=VIH, IOUT=OmA 

ICC Operating Current CSl=VIL, IOUT=OmA 

ICAPACITANCE* (Ta=25°C f=l.OMHz)1 , 
SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input ,Capacitance VIN=OV 8 

COUT Output Capacitance VIN=OV 10 
pF 

MIN. 

-1.0 

-4.0 

8.0 

-1.0 

-
-
-

* Note: This parameter is periodically smapled and is not 100% tested. 
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MAX. UNIT 

1.0 ~A 

- rnA 

- rnA 

1.0 ~A 

30 rnA 

15 rnA 

135 rnA 



I A.C. CHARACTERISTICS (Ta=O '" 70°C, VCC=5V±10%) I 

READ CYCLE 

TMM2089P-35, TMM2089P-45 
TMM2089P-55 

SYMBOL PARAMETER TMM2080P-35 TMM2089P-45 TMM2089P-55 UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

t RC Read Cycle Time 35 - 45 - 55 -
tACC Address Access Time - 35 - 45 - 55 

tCOl CSI Access Time - 35 - 45 - 45 

tC02 CS2 Access Time - 25 - 25 - 30 

tOE OE Access Time - 20 - 20 - 25 

tOH 
Output Data Hold Time from Address 5 5 - 5 - ns -Change 

tCLZ Output Enable Time from CSI or CS2 0 - 5 - 5 -
tCHZ Output Disable Time from CSI or CS2 - 20 - 20 - 20 
tOLZ Output Enable Time from OE 0 - 0 - 0 -
tOl-IZ Output Disable Time from OE - 15 - 15 - 20 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tPD Chip Deselection to Power Down Time - 30 - 30 - 30 

HRITE CYCLE 

TMM2089P-35 TMM2089P-45 TMM2089P-55 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. HAX. 
tHC Hrite Cycle Time 35 - 45 - 55 -
tcs Chip Selection to End of Hrite 30 - 40 - 50 -
t AS Address Set Up Time 0 - 0 - 0 -
t\.JP Hrite Pulse Hidth 25 - 35 - 45 -
tHR Write Recovery Time 0 - 0 - 0 - ns 

tDS Data Set Up Time 15 - 20 - 20 -
tDH Data Hold Time 0 - 0 - (I -
tWLZ Output Enable Time from \JE 0 - 0 - 0 -
t\lliZ Output Disable Timf from HE - 15 - 15 - 20 

IA.c. TEST CONDITIONSI IFig. 11 Vee: 

Input Pulse Levels 0.OV/3.0V 

Input Rise and Fall Time 5ns 5100 

Input and Output Reference LevIes 2.0V/0.8V I/Opino-....... --.... 

Output Load Fig. 1 3000 
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TMM2089P-35, TMM2089P-45 
TMM2089P-55 

ITHHNG HAVEFORf,1S1 

READ CYCLE (1) 

CS2 

Hif2:b 
ImpfJdance 

tCOl 

tOE 

tOLZ (5) 

tCLZ (5) 

tCLZ (5) 

HRITE CYCLE 1 (4) (HE Controlled Hrite) 

CS2 

tWHZ (5) 

LWC 

tWl' 

tcw 

t.cw 

~~n7~rrrn~~~~~~ High Impedancd 
DOUT 
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HRITE CYCLE 2 (4) (CSl Controlled Hrite) 

ADDRESSES 

W~ 

CS2 

CSI 

twc 

twp 

tcw 

tcw 

tWHZ(5) 

tDS 

TMM2089P-35, TMM2089P-45 
TMM2089P-55 

High Impedance 

DIN DATA IN STABLE 

WRITE CYCLE 3 (4) (CS2 Controlled Hrite) 

twc 

AD:JkI!.:SSES 

WE 

CS2 tcw 

tcw 
CS I 

tWHZ (5) 

High Impedance 

tDS 

DATA IN STABLE 
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TMM2089P-35, TMM2089P-45 
TMM2089P-55 

Note: 1. WE is High for Read Cycle. 

c~n. OE 

WJ:<~. C82 

2. Assuming that CSI Low transition or CS2 High transition occurs coin

cident with or after WE Low transition, Outputs remain in a high 

impedance state. 

3. Assuming that CSI High transition or CS2 Low transition occurs coin

cident with or prior to WE High transition, Outputs remain in a high 

impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the 

load shown in Fig. 1. 

(A) tCLZ, tOLZ, tWLZ ••••••••.•• Output Enable Time 

(B) tCHZ, tOHZ, t,mz ........... Output Disable Time 

(A) 
(B) 

,-~----ff-------------d-----'I- 0.15 V 
DOUT High Impedance 0.15V High Impedance 

----------~H___+_ 0.15 V 

I'-...:-----/f------------+===+= o'l!W 
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DIP 28 PIN OUTLINE DRAWING 

28 15 

[::::::::::::: I~ 
1 14 

0.5±0.15 

1.2±o.15 2.54 ± 0.25 

TMM2089P-35, TMM2089P-45 
TMM2089P-55 

Unit in mm 

. -0.05 11025+0.1 

Ncte) Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5561 P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5561 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 

FEATURES 

• Fast access time: TC5561 P-55 55ns(MAX.) 
TC5561 P-70 70ns(MAX.) 

"Low power dissipation: Operation 1 OOmA(MAX.) 
Standby1 OOJLA(MAX.) 

e 5V single power supply 

PIN CONNECTION (TOP VIEW) 

TC5 ~ti iF 

AU VDL' 
A, Alb 
II.".? 11.14 
A3 11.13 
A4 11.1;0 

11.5 .\11 

A6 AI0 
A7 A" 

DOUT II Ab 
'NE DIN 

OND ITI;' 

(3UOmi 1 DIP) 

PIN NAMES 

I Address Inputs 

I· Data Input 
DOUT 

CE 
Data Output 

--------,~~--C-h-IP-En-a-bl-e-lr-1p-u-'t----------1 

-E: l ~~~~~~n;~~tPut --~ 

TC5561 P-55 
TC5561 P-70 

operating current is reduced from 1 OOmA to 100JLA. 
The TC5561 P is suitable for use in main memory 

of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561 P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561 P is' fabricated with ion implanted 
COMS silicon gate MOS technology for high per
formance and high reliability. 

o Fully static operation 
• Directly TTL compatible: All Input and Output 
o I/O separate 
• Package: 22 pin standard plastic package, 

300mil width 

BLOCK DIAGRAM 

AD o-t-DlIJ 

MEMORY C~LL 

A3O-+Da:J 
A4~.L..r"<"'--' 

ARHAY 

SENSI': AMP. 

--0 vDD 

---0 aND 
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TC5561 P-55 
TC5561 P-70 

MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

TSOLOEA Soldering Temperature 

TSTG Storage Temperature 

TOPA Operating Temperature 

D. C.RECOMMENDEDOPERATINGCONDITIONS' 
J . ," • 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

VOH Data Retention Supply Voltage 

RATING 

-0.3-7.0 

-2.0-7.0 

-0. 5-Voo+0. 5 

650 

260·10 

-65-150 

0-70 

MIN. TYP. MAX. 

4.5 5.0 5.5 

2.2 - Voo+0.3 

-3.0 - 0.8 

2.0 - 5.5 

~. C. and OPE.R~TING, CHARAC!ER.'STICS (Ta=0-70'C, Voo=5V± 10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 

10H Output High Current VOH=2.4V -8 - -
10L Output Low Current VOL=0.4V 8 - -

ILO Output Leakage Current CE=VIH or WE=VIL - - ±1.0 
VOUT=O-VOO 

Voo=5.5V, tcycle=Min cycle, 
1000 Operating Current CE=VIL - - 100 

Other Input=VIH/VIL 

100S1 CE=VIH - - 2 

100s2 
Standby Current 

CE=Voo-0.2V 100 - -

CAPACITANCE (Ta=25'C) 

SYMBOL PARAMETER TEST CONDITION MAX. 

CIN Input Capacitance VIN=GND 10 

COUT Output Capacitance Vour=GND 10 

Note: This parameter periodically sampled is not 100% tested. 
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UNIT 

V 

V 

V 

mW 

·C·sec 

'C 

'C 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

mA 

mA 

J.lA 

mA 

mA 

J.lA 

UNIT 

pF 

pF 



A. C. CHARACTERISTICS . (Ta=0-70'C, Voo=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

teo Chip Enable Access Time 

tCOE Chip Enable to Output in Low-Z 

teoo Chip Disable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Enable to End of Write 

tAs Address Set up Time 

tWR Write Recovery Time 

tOEW WE to Output Low-Z 

toow WE to Output High-Z 

tos Data Set up Time 

tOH Data Hold Time 

A. C. TEST CONOrrlONS 
• ~ > , ,.,.), 

Input Pulse Levels 2.4V/0.6V 

Input Rise and Fall Times 5ns 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig. 1 
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TC5561 P-55 

MIN. MAX. 

55 -
- 55 

- 55 

5 -

- 30 

5 -

TC5561 P-55 

MIN. MAX. 

55 -

35 -

35 -
0 -

0 -

0 -
- 30 

35 -
0 -

48011 

TC5561 P-55 
TC5561 P-70 

TC5561 P-70 
UNIT 

MIN. MAX. 

70 -
- 70 

- 70 
ns 

5 -

- 30 

5 -

TC5561 P-70 
UNIT 

MIN. MAX. 

70 -
35 -
35 -

0 -
0 - ns 

0 -
- 30 

35 -
0 -

t---_--+-----{) DOUT 

Fig.l Output Load 



TC5561 P-55 
TC5561 P-70 

TIMING WAVEFORMS 

• READ CYCLE (1) 

Address 

DOUT 

• WRITE CYCLE 1 (WE Controlled Write) 

Address 

DOUT 

• WRITE CYCLE 2· (CE Controlled Write) 

Address 

Note: 
1. WE is High for Read Cycle. 
2. Assuming that CE Low transition occurs coincident with or aher WE Low transition. Outputs remain in a high 

impedance state. 
3. Assuming that CE High transition occurs coincident with or prior to WE High transition. Outputs remain in a high 

impedance state. 
4. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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DATA RETENTION CHARACTERISTICS (Ta= -40-50'C) 

SYMBOL PARAMETER 

VOH Data Retention Supply Voltage 

I Voo=3.0V 
loos2 Standb¥ Supply Current I Voo=5.5V 

teoH Chip Deselection to Data Retntion Mode 

tR Recovery Time 

vnD Data Retention Mode 

4. 5V -------------

tCDR VDD-O.2V 

GND 

MIN. TYP. 

2.0 -

- -
- -

0 -

tRc( 1) -

TC5561 P-55 
TC5561 P-70 

MAX. UNIT 

5.5 V 

50 J.lA 

100 J.lA 
- J.ls 

- J.ls 

5. If the VIH of ~is 2. 2V in operation. IODSl current flows the period that VDD voltage is going down from 4. 5V to 2. 
5V. 
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TC5561 P-55 
TC5561 P-70 

OUTLINE DRAWINGS 

27.3MAX 

(No te ) 
2.54 ~O.~j 

Note: Each lead pitch is 2. 54mrn. 

--------------~~ 

O.5± J.07 

1.4±J.07 

Unit in rom 

7.62TYP 

All leads are located within O. 25mm of the true longitudinal position with respect to No.1 and No. 22 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry descnbed ; no Circuit patent licenses are Implied. and Toshiba reserves the nght. at any time 
without notice. to change said circuitry. -

©May_. '986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5562P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand-

FEATURES· 

• Fast access time: TC5562P-45 45ns(MAX.) 
TC5562P-55 55ns(MAX.) 

• Low power dissipation: Operation 1 OOmA(MAX.) 
Standby 20mA(MAX.) 

• 5V single power supply 

PIN CONNECTION (TOP VIEW) 

TC5562P 

AO VDD 
Al A15 
A2 A14 
A3 A13 
A4 A12 
A5 All 
A6 AlO 
A7 A9 

DOUT A8 
WE DIN 

GND CE" 

(300mi 1 DIP) 

~IN ,NAMES 

Ao-A15 Address Inputs 

DIN Data Input 

DouT Data Output 

CE Chip Enable Input 

WE Write Enable Input 

Voo Power (+5V) 

GND Ground 

DIN 

CE 

WE 

TC5562P-45 
TC5562P-55 

by mode. When deselected by chip Enable(CE), the 
operating current is' reduced from 1 OOmA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per
formance and high reliability. 

• Fully Static operation 
• Directly TIL compatible: All Input and Output 
• I/O separate 
• Package: 22 pin standard plastic package, 

300mil width 

BLOCK DIAGRAM 

--0 VDD 

MEMORY CELL --0 GND 

ARRAY 

256 x 256 

SENSE AMP. r-,....--v DOUT 
~--------------~ 
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TC5562P-45 
TC5562P-55 

MAXIMUM RATINGS 

SYMBOL 

Voo Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

TsoLoER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

ITEM 

D. C. RECOMMENDED OPERATING CONDITIONS . , 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

RATING 

-0.3-7.0 

-2.0-7.0 

-0. 5-Voo+0. 5 

650 

260·10 

-65-150 

0-70 

MIN. TYP. MAX. 

4.5 5.0 5.5 

2.2 - Voo+0.3 

-3.0 - 0.8 

D.C and OPERATING CHARACTERISTICS" (Ta=0-70·C, Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 

10H Output High Current VOH=2.4V -8 - -

IOL Output Low Current VOL=O.4V 8 - -

ILO Output Leakage Current CE=VIH or WE=VIL - - ±1.0 
VOUT=O-VOO 

Voo=5.5V, tcycle=Min cycle, 
1000 Operating Current CE=VIL - - 100 

Other Input=VIH/VIL 

100s1 CE=VIH - - 20 
I 

Standby Current CE=Voo-0.2V 
100s2 Other Input=Voo-0.2V or 0.2V 

- - 2 

<::A~A<::ITANCE .: (Ta=25·C) 

SYMBOL PARAMETER TEST CONDITION MAX. 

CIN Input Capacitance VIN=GND 10 

COUT Output Capacitance VouT=GND 10 

Note: This parameter periodically sampled is not 100% tested. 
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UNIT 

V 

V 

V 

mW 

·C·sec 

·C 

·C 

UNIT 

V 

V 

V 

UNIT 

J.lA 

mA 

mA 

J.lA 

mA 

mA 

UNIT 

pF 

pF 



A. C. CHARACTERISTICS (Ta=0-70'C, Voo= 5V± 10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tco Chip Enable Access Time 

tcOE Chip Enable to Output in Low-Z 

tcoo Chip Disable to Output in Hlgh-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Enable to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

tOEW WE to Output Low-Z 

toow WE to Output High-Z 

tos Data Set up Time 

tOH Data Hold Time 

A. C. TEST CONDITIONS 

Input Pulse Levels 2.4V/0.6V 
f---. 

Input Rise and Fall Times 5ns 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig. 1 
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TC5562P-45 

MIN. MAX. 

45 -

- 45 

- 45 

5 -

- 25 

5 -

TC5562P-45 

MIN. MAX. 

45 -
30 -
30 -

0 -

0 -

0 -

- 25 

30 -
0 -

480.0. 

TC5562P-45 
TC5562P-55 

TC5562P-55 
UNIT 

MIN. MAX. 

55 -

- 55 

- 55 
ns 

5 -

- 30 

5 -

TC5562P-55 
UNIT 

MIN. MAX. 

55 -

35 -
35 -

0 -

0 - ns 

0 -
- 30 

35 -
0 -

t-----..--+----o DOUT 

255,n 

Fig.1 Output Load 



TC5562P-45 
TC5562P-55 

TIMING: WAVEFORMS 
, .. '" <'< ~, ,.~, -- , ..... 

• READ CYCLE (1) 

Address 

DOUT --------QVQ<,xx OUTPUT 

• WRITE CYCLE 1 (WE Controlled Write) 

• WRITE CYCLE 2 (CE Controlled Write) 

Note: 
1. WE is High for Read Cycle. 
2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 

impedance state. 
3. Assuming that CE High transition occurs coincident with or prior WE High transition. Outputs remain in a high 

impedance state. 
4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 

Z 
H 
;:;; 
ll) 

IQ 
o 

5 

~?3MAX 

(No te) 
2.54±0.25 

Note: Each lead pitch is 2. 54mm. 

0.5± 0.07 

1.4± 0.07 

TC5562P-45 
TC5562P-55 

Unit in nun 

10.92MAX 

All leads are located within O. 25mm of the true longitudinal position with respect to No.1 and No. 22 leads. 
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TC5562P-45 
TC5562P-55 

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

notice, to change said circuitry. 

c May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
16,384 WORD X 4 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

TC55416P-35 
TC55416P-45 

The TC55416P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 
using CMOS technology, and operated from a single 5-volt supply. Toshiba's high performance device technology 
provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 
operating current of 80mA/60mA at minimum cycle time. 
The TC55416P also features an automatic stand-by mode. When deselected by Chip Enable (CE), the operating 
current is reduced to lOrnA. 
The TC55416P is suitable for use in cache memory and high speed storage, where high speed/high density are 
required. 
The TC55416P is molded in a 22 pin standard plastic package with 0.3 inch width for high density assembly. 
The TC55416P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and 
high reliability. 

'FEATURES I 
Fast access time TC554l6P-35 35ns (Max.) 

TC554l6P-45 45nS (Max.) 
Low power dissipation Operation TC554l6P-35 80mA (Max.) 

TC554l6P-45 60mA (Max.) 

. 5V single power supply 

. Fully static operation 
Directly TTL compatible 
Package 

'PIN CONNECTION I 

A5 

AO 
CE 

GND 

(300mll DIP) 

IPIN NAMES I 

Standby lOrnA (Max.) 

All Input and Output 
22 pins standard plastic package, 300 mil width. 

'BLOCK DIAGRAM I 
CE 

vDD A6 
Ag A7 
AIO AS 
All A9 
AJ2 A10 
A13 All I/Ol 
I/02 A12 

I/03 A13 
I/O 4. 

WE 
I/Ol 
I/02 
I/03 
I/04 

• Ao-A13 Address Inputs 

----OVDD 

----oOND 

1/01-1/04 Data Input/Output 
CE Chip Enable Input CE~~~~~~~~~~~~~ 
WE Write Enable Input WE 

Von Power (+5V) 
GND Ground 
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TliDD41 UP-3D 
TC55416P-45 

~1AXIMUM RATINGS 

SYMEOL 

VDn Power 

ITEM 

Supply Voltage 

VIN Input Voltage 

RATING UNIT 

-0.3~7.0 V 

-2.0-7.0 .V 

VOUT Output Voltage -0. 5-VDo+0. 5 V 

PD Power Dissipation 650 mW 

Tsolder Soldering Temperature 260·10 °C·sec 

Tstg Storage Temperature -65-150 °c 

Topr Operating Temperature 0-70 •.. °c 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Von Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - VOo+O.3 V 

VIL Input Low Voltage -0.3 - 0.8 V 

D.C. and OPERATING CHARACTERISTICS (Ta=0-70°C, VDO=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOD - - ±1.0 ~A 

IOH Output High Current VOH=2.4V -4 - - rnA 

IOL Output Low Current VOL=0.4V 8 - - rnA 

ILO Output Leakage Current 
CE=VIH or WE=VIL - ±1.0 ~A -
VOUT=O-VOD 

-
VOD=5,~V -35 - - 80 

IDOO Operating Current tcyclc=Min cycle rnA 
CE=VIL -45 - - 60 
Other Input=VIH/vIL 

IDDSI 
VOO=5.5V, tcycle=Min cycle 

20 - -
Standby Current CE=VIH, Other Input=VIH/VIL rnA 

CE=VOD-0.2V 
IDDS2 - - 1 

Other Input=VDO-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

Com Output Capacitance VOUT-GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta-0-70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tco Chip Enable Access Time 

tCOE Chip Enable to Output in Low-Z 

teoD Chip Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tcw Chip Enable to End of Write 

tAS Address Set Up Time 

tWR Write Recovery Time 

tODW WE to Output High-Z 

tOEW WE to Output Low-Z 

tDS Data Set Up Time 

tDH Data Hold Time 

A.C. TEST CONDITIONS 

Input Pulse Levels 0.6V, 2.4V 

Input Rise and Fall Time 5ns 
Input and Output Timing O.8V, 2.0V 
Reference Levels 

Output Load See Fig.l 

TCS54l6P-35 

MIN. MAX. 

35 -
- 35 

- 35 

0 -
- 15 

5 -

TC554l6P-35 

MIN. MAX. 

35 -
30 -
30 -

0 -
0 -

- 15 

0 -
15 -

0 -

TC5541 Ii P-35 
TC55416 P-45 

TC55416P-45 
UNIT 

MIN. MAX. 

45 - ns 

- 45 ns 

- 45 ns 

0 - ns 
.-... 20 ns 

5 - ns 

TC55416P-45 UNIT 
MIN. MAX. 

45 - ns 

35 - ns 

35 - ns 

0 - ns 

0 - ns 

- 15 ns 

0 - ns 

20 - ns 

0 - ns 

I/O PIN 0-_--.-4 

Fig.l OUTPUT LOAD 

Note: In all condition, tCOD max is less than tCOE min both for a given device and 

from device to device. 

- C-71 -



TC:J:J41Ii P"3:J 
TC55416P-45 

TIMING WAVEFORMS 
READ CYCLE(l) 

ADDRESS 

DOUT 

WRITE CYCLE 1 (WE Controlled Write) 

ADDRESS 

DOUT 

twc 

tcw 

HIGH IllPEDANCE 

tDS 

DIN ~_D_A_T_A __ I_N ________ ~, ________ _ 

WRITE CYCLE 2 (CE Controlled Write) 
twc 

ADDRESS 

tcw 

DoUT 
HIGH 

Note: 1. WE is High for Read Cycle. 
2. Assuming that CE Low transition occurs coincident with or after WE 

Low transition, Outputs remain in a high impedance state. 
3 •. Assuming that ~ High transition occurs coincident with or prior to WE 

High transition, Outputs remain in a high impedance state. 
4. The Operating temperature (Ta) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 

- C-72 -



OUTLINE DRAWINGS 

~ U 

~[[ : : : : : : : : : :I 

;z: 

:i 
10 
10 
d 

1 II 

2.54.:::0.25 0.5:::0.0'1 

(Note) 
1.4.:::0.07 

Note: Each lead pitch is 2.54mm. 

TC55416P-35 
TC55416P-45 

Unit in mm 

All leads are located within O.25mm of the true longitudinal positiun 

with respect to No.1 and No.22 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
16,384 WORD X 4 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

TC55417 P-35 
TC55417 P-45 

The TC55417P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 
using CMOS technology, and operated from a single 5·volt supply. Toshiba's high performance device technology 
provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 
operating current of 80mA/60mA at minimum cycle time. The TC55417P also features an automatic stand·by 
mode. When deselected by Chip Enable (CE), the operating current is reduced to lOrnA. The TC55417P is 
suitable for use in cache memory and high speed storage, where high speed/high density are required. The 
TC55417P is molded in a 24 pin standard plastic package with 0.3 inch width for high density assembly. The 
TC55417P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and high 
reliability. 

IFEATURES/ 

• Fast access time TC55417P-35 35ns (Max.) 
TC55417P-45 45ns (Max.) 

• Lmo1 pmo1er dissipation: Operation TC554l7P-35 SOmA (Max.) 
TC55417P-45 60mA (Max.) 

• 5V single power supply 
• Fully static operation 
• Directly TTL compatible: 
• Output buffer concrol 

Standby 10mA (Max.) 

All Input and Output 
OE 

• Package 24 pins standard plastic package, 300 mil width. 

IPH! COtlnECT Ior)1 

(,8 VI)!) 

A7 1\9 

Af3 IdO 

A5 All 
A12 
A13 

A2 7 N.C. 
Al 1/01 
AD J/02 
6E V03 
DE 1/04 

GND WE 

(300mil DIP) 

IpItJ NAflES/ 
AO "'Al3 Address Inputs 

1/01 '" 1/04 Data Input/Output 
CE Chip Enable Input 

m Write Enable Input 
or- Output Enable Input 
VDD Pm-1er (+5V) 

GND Ground 
~---

No Connection N.C. 

ISLOCK DI/\GRAtl/ 

Ui!: 

A6 
A7 

AS 
A9 

.A10 
All 
'12 

A13 

1.J1 
r, '0:-

1/0;5 
1-'04-

Cl o---.~ 
lli:. 
BE o-+-+---g 
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TC55417 P-45 

t1.o.X I r1UM RAT I NGS 
SYMBOL ITEH RATING UNIT 

VDD Power Supply Voltage -0.3 'V 7.0 V 
VIN Input Voltage -2.0 'V 7 .0 V 

VOUl' Output Voltage -0.5 'V VnD+O • 5 V 
PD Power Dissipation 650 mW 

Tsolder Soldering Temperature • Time 260 - 10 DC-sec 
Tstg Storage Temperature -65 'V 150 DC 

Topr Operating Temperature o 'V 70 DC 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYHBOL PARAMETER HIN. TYP. HAX. UNIT 

Vnn Power Supply Voltage 4.5 5.0 5.5 V 

VU~ Input High Voltage 2.2 - VnD+0.3 V 
VIL Input Low Voltage -0.3 - 0.8 V 

D.C. and OPERATING CHARACTERISTICS (Ta=0'V70 DC, Vnn=5V±10%) 

SYH~OL PARAHETER TEST CONnITION BIN. TYP. MAX. UNIT 
IlL Input Leakage Current VIN=O 'V VnD - - ±1.0 lJA 

.- ------
lOB Output High Current VOH=2.4V -4 - - rnA 

IOL Output low Current VOL=0.4V 8 - - rnA 

ILO Output Leakage Current 
CE=VIH or HE=VIL 

±1.0 lJA 
VOUT=O 'V VnD 

- -
Vnn=5.5V 

-35 - - 80 tcycle=Hin cycle 
Inno Operating Current CE=VIL 

rnA 

Other Input=VIH/VIL -45 - - 60 
-. 

VDn=5.5V, tcycle=Hin cycle 
InDSI CE=VIH, Other Input=VIH/VIL - - 20 

Standby Current rnA 

IDDS2 
CE=VnD-0.2V - - 1 
Other Input=VnD-0.2V or 0.2V 

CAPACITANCE (Ta=25 DC) 

SYMBOL PARAMETF;R TEST CONDITION HAX. UNIT 

CIN Inl?ut Capacitance VIN=GND 10 pF 

COUT Output Capacitance VOUl'=GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC55417 P-45 

A. C. CHARACTERISTICS (Ta=O '" 70°C, VDD=5V±10%) 

Read Cycle 

TC554l7P-35 TC554l7P-45 
SYMBOL PARAMETER 

MAX. NIN. MAX. 
UNIT 

MIN. 

tRC Read Cycle Time 35 - 45 - ns 
r-- -

tACC Address Access Time - 35 - 45 ns 

tco Chip Enable Access Time - 35 - 45 ns 

tOE Output Enable to Output Valid - 20 - 20 ns 
-

tCOE Chip Enable to Output in Low-Z 0 - 0 - ns 

tCOD Chip Enable to Output in High-Z - 15 - 20 ns 

tOEE Output Enable to Output in Low-Z 0 - 0 - ns 

tODO Output Disable to Output in High-Z - 15 - 15 ns 

tOH Output Data Hold Time 5 - 5 - ns 

Hrite Cycle 

SYMBOL PARAMETER 
TC554l7P-35 TC554l7P-45 UNIT 
HIN. HAX. !-lIN. MAX. 

t~~c Write Cycle Time 35 - 45 - ns 

t{..lP ~.Jrite Pulse Hidth 30 - 35 - ns 

tC\\I Chip Enable to End of tyrite 30 - 35 - ns 

t AS Address Set Up Time 0 - 0 - ns 

tWR Hrite Recovery Time 0 - 0 - ns 

tODt.J WE to Output High-Z - 15 - 15 ns 
---- .. -- ---- -,-------------- . ---

tOEW WE to Output Low-Z 0 - 0 - ns 

tDS Data Set Up Time 15 - 20 - ns 

tDH 
--- -- ,-I---

Data Hold Time 0 - 0 - ns 

A.C. TEST CONDITIONS 

Input Pulse Levels 0.6V, 2.4V 

Input Rise and Fall Time 5ns 

~I ~ 
Input and Output Timing 0.8V, 2.0V 
Reference Levels 
Output Load See Fig. 1 

1.0 PIN 0-_--.-1 

Fig. 1 OUTPUT LOAD 

Note: In all condition, teoD max is less than tCOE min both for a given device and 
from device to device. 
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TC55417 P-45 

nt·lING UAVEFORt~S 

READ CYCLE (1) 

ADDRESS 

DOUT -----======:Jti 

\.JRITE CYCLE 1 (WE Controlled Write) 
twe 

ADDRESS ------~~----------------__________________________ _F~~-------

tew 

tV/I' 

DATA IN 

WRITE CYCLE 2 (CE Controlled Write) 

Note: 1. 
2. 

3. 

4. 

twe 

tew 

twp 

DOUT 

_
____ ::~~!:::~~~888>--~H~I~O~H~IM~PE~D~A~N~C~,~~.--_1_+-------------------

tDS 

DATA IN 

HE is High for Read cycle. 
Assuming that CE LOH transition occurs c )incident with or after \.JE Lm., 
transition, Outputs remain in a high impedance state. 
Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 
The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 

24 13 

[::::::::::]Jl 
1 12 

30.0MAX 

::0 
~~~~~~~~~~~ ~ ~

z 

ci 

0.5 ± 0.15 2.54± 0.25 

1.4 i 0.15 l Note) 

Note: Each lead pitch is 2.S4mm. 

I """41 I r-.1" 
TC55417 P-45 

Unit in mm 

7.62±0.25 

All leads are located within O.2Smm of the true longitudinal position 

with respect to No.1 and No.24 leads. 
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HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro
gramming II Algorithm. 

APPLICABLE DEVICES 

Device Name 

EPROM One Time PROM 

TMM2764AD/ADI TMM2464AP/AF 
TMM27128AD/ADI TMM24128AP/AF 
TMM27256AD/ADI TMM24256AP/AF 
TC57256AD TC54256AP/ AF 
TMM27512D/DI TMM24512P 
TC571000D TC541000P 
TC571001D TC541001P 

IDENTIFICATION MODE 

TOSHIBA 

The High Speed Programming I Algorithm uses 
1 ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1 ms programming pulse and the flow chart is 
shown in Figure 2. 

Theoretical Programming Time 

I II 

33 sec 0.8 sec 
66 sec 1.7 sec 

131 sec 3.3 sec 
131 sec 3.3 sec 
262 sec 7.0 sec 

N/A 14 sec 

N/A 14 sec 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 
Set A9=12V±0.5V, A¢=ViL, Other Addresses=ViL 
Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 
Set A9=12V±0.5V, A¢=ViH, Other Addresses=ViL. 
Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 

Device Name 

EPROM One Time PROM Manufacture Code 

TMM2764AD/ADI TMM2464AP/AF 98 
TMM27128AD/ADI TMM24128AP/AF 98 
TMM27256AD/ADI TMM24256AP/AF 98 
TC57256AD TC54256AP / AF 98 
TMM27512D/D1 TMM24512P 98 
TC571000D TC541000P 98 
TC571001D TC541001P 98 

- 0-3 -

Signature 

Device Code 

52 
D3 
54 
C4 
15 
86 
07 



TOSHIBA 

Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 

* : Vpp=OV for 512KEPROM 

during verification 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 

NG 

dUring verification 

Vcc =6.25V ±O.25V 
Vpp=12.75±O.25V 

ADRESS=START 
ADDRESS 

Vcc=5V 
Vpp =5V 
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TOSHIBA 

* 

NG 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT UV ERASABLE AND TMM2764AD-15, TMM2764AD-150 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY TMM2764AD-20, TM M2764AD-200 

DESCRIPTION 

TheTMM2764AO is a8192 word X8 bit ultraviolet light 
erasable and electrically programmable read only mem
ory. For read operation, the TM M2764AO's access time 
is 150ns/200ns, and the TMM2764AO operates from a 
single 5-volt power supply and has a low power standby 
mode which reduces the power dissipation without 
increasing access time. 

FEATURES 

-15 I -20 -150 I -200 

Vee 5V±5% 5V±10% 

tAee 150ns I 200ns 150ns I 200ns 

lce2 100mA 120mA 

Ice 1 30mA 35mA 

PIN CONNECTION (TOP VIEW) 

Vpp 1 

Al2 

A4 

A3 
A2 
Al 
AO 

°0 
°1 
°2 

VCC 
POM 

N.C. 

AS 
Ag 
All 
OE 
AlO 
CE 

°7 
°6 
°0 

The standby mode is achieved by applying a TTL-high 
level signal to the CE input. 
For program operation, the programming is achieved by 
using the high speed programming mode. 

The TM M2764AO is fabricated with the N-channel 
silicon double layer gate MaS technology. 

• Fully static operation 
o High speed programming mode 
• Single location programming 
o Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i2764A 

BLOCK DIAGRAM 
VPI' ONU Vee 

e»; "---"r--~---=!:::--'!"=-, 
CR 
IDM~~r-____ -.~ 

AO 
Al 
A2 
A3 
A4 
A!) 

Ar, 
A7 
AH 
A~) 

AIO 
All 
A12--. ... _------' 

OND L...-__ ---I 

°4 
03 MODE SELECTION 

PIN NAMES ~ PGM CE OE Vpp Vee 00-07 
POWER 

MODE (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
Ao-A14 Address Inputs 

00-07 Outputs (Inputs) 
Output 

* * H 5V 5V High Impedance ActIVe 
Deselect 

CE Chip Enable Input Standby * H * High Impedance Standby 
OE Output Enable Input Program L L * Data In 

PGM Program Control Input 

N. C. No Connection 
Program * H * High Impedance 

12.5V 6V Active 
Inhibit H L H High Impedance 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 
Program 

H L L Data Out 
Verify 

GND Ground 
~Jotc * : H or L 
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TMM2764AO-15,TMM2764AO-150 
TMM2764AO-20, TMM2764AD-200 

SYMBOL ITEM 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature· Time 

TSTRG. Storage Temperature 

TOPR, Operating Temperature 

READ OPERATION 

," '0,' C. ANDA.C. RECOIVIME'NDED OPERATING CONDITIONS 

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260·10 ·C·sec 

-65-125 'C 

0-70 'C 

SYMBOL PARAMETER TMM2764AD-15/20 TMM2764AD-150/200 

Ta Operating Temperature 0-70'C 0-70'C 

Vee Vee Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2 .0-Vee±0. 6V 2.0-Vee+0.6V 

0, C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 pA 

ILO Output Leakage Current VouT=0.4-Vee - - ±10 pA 

-15/20 - - 30 
leel Supply Current (Standby) CE=VIH mA 

-150/200 - - 35 

Supply Current (Active) 
-15/20 - - 100 

lce2 CE=VIL mA 
-150/200 - - 120 

VIH Input High Voltage - 2.0 - Vee+l.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400pA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 pA 
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A. C. CHARACTERISTICS 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Va'lid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOF 1 CE to Output in Hlgh-Z 

tOF2 OE to Output In High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25C', f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-200 

TMM2764AO-15/150 

MIN. 
-

-

-

-

0 

0 

0 

0 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 
150 

150 

70 

70 

60 

60 

60 

-

TMM2764AO-20/200 

MIN. MAX. 
- 200 

- 200 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

TEST CONDITION MIN. TYP. MAX. 

VIN=OV. - 4 6 

VOUT=OV - 8 12 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

* This para mater is periodically sampled and is not 100% tested. 

: TIMING WAVEFORMS (READ) 

HIGH Z HIGH Z 
DATA OUTPUTS 
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TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-200 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MIN. TYP MAX. 

2.0 - Vee+ 1.0 

-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -

VOL Outpu Low Voltage IOL=2.1 mA - - 0.4 

Icc Vee Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp= 12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High Z 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 

-
-
-

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.45 to 2.4V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

5 

5 

-

-

Input 1 V and 2V; Output O. 8V and 2. OV 

Note: 1. topw de peds on the program pulse width which is required in the initial Program. 
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TYP. MAX. 

- -
- -

- -
- -
- -
- -
- -

1.0 1.05 

- 78.75 

- -
- -
- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.lS 

J.ls 

J.ls 

ms 

ms 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS (PROGRAM) 

ADDRESSES 

CE 

OE 

PGM 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AD-200 

DIN STABLE 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and 'setting the device in socket with Vpp=12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14,v should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4 V . 
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TMM2764AO-15,TMM2764AO-150 
TMM2764AO-20, .. TMM2764AO-200 

ERASURE CHARACTERISTICS 

The TM M2764AO's erasure is achieved by apply
ing shortwave ultraviolet light which has a wave 
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

'OPERATION INFORMATIO~ 

The TMM2764AO's six operation modes are list
ed in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

PGM CE 
(27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta=0-70'C) Standby * H 

Program L L 
PROGRAM 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5'C) 

Program Verify H L 

Note H: VIL. L: VIL. * : VIH or VIL 

A'EAD'MeiDE : 
The TMM2764AO has three control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection.. . 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

olrrpUTDES'ELECT'MODE'" 
Assuming that CE=VIH or OE=VIH, the outputs 

will be in a high impedance state. 
So two or more TMM2764AO can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

- 0-12 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [,uw/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [,uw/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TMM2764AO's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TIL 

Vpp Vee 00-07 
POWER (1) (28) (11-13,15-19) 

Data Out Active, 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12.5V 6V 
High Impedance Active 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACe). 

Assuming that CE =VIL, PGM =VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 



STANDBY MODE 

TheTMM2764AOhasa low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM2764AO is placed in the standby mod~ which 

PROGRAM MODE 

Initially, when received by customers. all bits of 
the TMM2764AO are in the ~ 1 H state which is erased 
state. 

Therefore the program operation is to introduce 
~OSH data into the desired bit locations by electrically 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PRO~RAM INHIBIT MC?PE 

Under the condition that the program voltage (+ 
12 J~V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AO from being 
programmed. 

Programming of two or more TMM2764AO's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program
ming mode when the programming voltage( + 12. 5V) 
is applied to the Vpp terminal with Vcc=6V and PGM 
=VIH. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is !lot correct. another 

TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-20D. -

reduce 70% of the operating current and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

programming. 
The levels required for all inputs are TTL. 
The TMM2764AO can be programmed any loca

tion at anytime--either individually, sequentially, 
or at random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 

program pulse of 1 ms is applied and then pro
grammed data is verified. This should be repeated 
until "the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 
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TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-200 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electnc signature mode allows to read out a code 
from TMM2764AD which identifies its manufacture 
and device type. 

The programming equipent may read out 
manufacurer code and device code from 
TMM2764AD by using this mode before program 
operation and automatically set program voltage 
(Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

Ao 0 7 0 6 05 ~S SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 

Device Code VIH 0 

Notes: A9 = 12V±0. 5V 

Al-A8. AlO-A12.CE. OE=VIL 
PGM=VIH 

0 0 

1 0 

TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-200 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions IS manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2764AD. 

O. 0 3 O2 0, 0 0 HEX. 
(16) (15) (13) (12) (11) DATA 

--
1 1 0 0 0 98 

1 0 0 1 0 52 .-J 
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TMM2764AO-15, TMM2764AO-150 
TMM2764AO-20, TMM2764AO-200 

OUTL~NE DRAWINGS 

37.7l4AX. 

7.1 ±0.2 

28Z1262524 

RQ64 

19 18 17 16 15 

4 5 6 7 8 9 10 11 12 13 14 

2.54±Q25 1.3±o.25 

+Q15 
Q46-QI0 

Note 1 

Unit in mm 

15.24±Q3 

Note 2 

Note: 1. Each ,lead pitch is 2. 54mm. All leads are located within O.25mm of their true longitudinal position with, 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. 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. 

©Mav.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION 

The TMM2764AOI is a 8192 word x 8bit ultra
violet light erasable and electrically programmable 
read only memory. For read operation, the 
TMM2764AO's access time is 150/200ns and the 
TMM2764AOI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 

-15 I 
Vee 5V±5% 

tAee 150ns I 
lee2 100mA 

Icel 30mA 

PIN CONNECTION (TOP VIEW) 

Vpp 1 

A12 2 
A7 3 

A6 4 

A5 
A4 6 

A3 

A2 
Al 
AO 
00 

°1 
°2 

aND L...-__ ~ 

VCC 
roM 
N.C. 

AS 
Ag 
All 
DE 
AIO 
CE 

°7 
06 

°5 
°4 
03 

-20 

200ns 

TMM2764ADI-15 
TMM2764ADI-20 

The standby mode is achieved by applying a TIL
high level signal to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM2764AOI is fabricated with the Nchan
nel silicon double layer gate MaS technology. 

• Wide operating temparature range -40-85"C 
• Fully static operation 
• High speed programming mode 
• Single location programming 
• Three state outputs 
• Inputs and outputs TIL compatible 
• Pin compatible with i2764A 

BLOCK DIAGRAM 
Vpp GND Vee 

5E<>---<'--~-:::!~--!"==-t 
CE 

roM .,......,_.--__ --,.--' 

PIN NAMES ~~ PGM CE OE Vpp Vee 00-07 
POWER 

MODE (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
Ao-A14 Address Inputs 

00-07 Outputs (Inputs) 
Output 

* H 5V 5V High Impedance Active * Deselect 
CE Chip Enable Input Standby * H * High Impedance Standby 
OE Output Enable Input Program L L * Data In 

PGM Program Control Input 

N. C. No Connection 
Program * H * High Impedance 

12.5V 6V Active 
Inhibit H L H High Impedance 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 
Program 

H L L Data Out 
Verify 

GND Ground 
Note * : H or L 
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TMM2764ADI-15 
TMM2764ADI-20 

MAXIMUM RATINGS' 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

ITEM 

TSOLOER Soldering Temperature· Time 

TSTRG. Storage Temperature 

TOPR. Operating Temperature 

READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Temperature 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION 

III Input Current VIN=O-Vee 

ILO Output Leakage Current VOUT=O.4-Vee 

lee 1 Supply Current (Standby) CE=VIH 

1eC2 Supply Current (Active) CE=VIL 

. VIH' Input High Voltage -

VIL Input Low Voltage -

VOH Output High Voltage IOH= -400J.lA 

VOL Output Low Voltage IOL=2.1mA 

IpPl Vpp Current Vpp=0-Vee+0.6 

- 0-18 -

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260·10 ·C·sec 

-65-125 'C 

-40-85 'C 

TMM2764ADI-15/20 

-40-85'C 

5V±5% 

2.2 -Vee±O. 6V 

MIN. TYP. MAX. UNIT 

- - ±10 J.lA 

- - +10 J.lA 
- - 35 111 A 

- - 120 rnA' 

2.2 - Vcc+ 1.0 V 

-0.3 - 0.8 V 

2.4 - - V 

- - 0.4 V 

- - ±10 J.lA 



A. C. CHARACTERISTICS 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in Hlgh-Z 

tOF2 OE to Output In Hlgh-Z 

tOF3 PGM to Output In High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 

TMM2764ADI-15 

MIN. 
-
-

-

-

0 

0 

0 

0 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 
150 

150 

70 

70 

60 

60 

60 

-

TM M2764AD 1-15 
TMM2764ADI-20 

TMM2764ADI-20 

MIN. MAX. 
UNIT 

- 200 ns 

- 200 ns 

- 70 ns 

- 70 ns 

0 60 ns 

0 60 ns 

0 60 ns 

0 - ns 

• Timing Measurement Reference Level Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25C', f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV. - 4 6 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 

* This para mater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

HIGH Z HIGH Z 
00 - 0.., DATA OUTPUTS 
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TMM2764ADI-15 
TMM2764ADI-20 

HIGH SPEED PROGRAM OPERATION 

D'. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Vbltage 

MIN. TYP MAX. 

2.2 - Vee+ 1.0 

-0.3 - O.B 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp= 12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400pA 2.4 - -

VOL Outpu Low Voltage IOL=2. 1 mA - - 0.4 

lee Vee Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp= 12.5V±0.5V) 

SYMBOL PARAMETER 

tAS AdtJress Setup Time 

tAH Address Hold T(me 

teES CE Setup Time 

tcEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High Z 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-
-

-
-

-

-
-

-
Note 1 

-

-

-

CE=VIL 

1 TTL Gate and Cd 1 OOpF) 
10ns Max. 
0.45V to 2.4V 

MIN. 

2 

2 

2 

2 

2 

'} 

2 

0.95 

2.B5 

5 

5 

-

-

Input 1 V and 2V; Output O. BV and 2. OV 

Note: 1. topw depeds on the program pulse width which is required in the initial Program 

- 0-20 -

TYP. MAX. 

- -

- -
- -
- -

- -

- -
- -

1.0 1.05 

- 7B.75 

- -
- -

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

pA 

V 

V 

mA 

mA 

V 

UNIT 

ps 

ps 

ps 

ps 

ps 

ps 

ps 

ms 

ms 

ns 

ns 

ns 

ns 



ADDRESSES 

CE 

OE 

PGM 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

DIN STABLE 

tDS 

PROGRAM 

ADDITIONAL PROGRAM 

TM M2764AD 1-15 
TMM2764ADI-20 

Note: 1. Vee must be applied simultaneously or ~efore Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and senlng the device in socket with Vpp = i 2. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permined up to 14V for program operation, so the voltage over 14,v should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V 
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TMM2764ADI-15 
TM M2764AD 1-20 

ERASURE CHARACTERISTICS 

The TMM2764ADI's erasure is achieved by apply
ing shortwave ultraviolet light which has a wave 
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM 2764ADI's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

ER) PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta= -40-85'C) Standby * H 

PROGRAM 
Program L L 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5'C) 

Program Verify H L 

Note H: VIL. L: VIL. * : VIH or VIL 

READ MOOE 

The TMM2764ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 
~e output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

;OU.TPUTDESELECTMOD·E·'~ 

Assuming that CE = VIH or OE = VIH. the outputs 
will be in a high impedance state . 

. So two or more TMM2764ADI can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

And using commercial lamps whose ultraviolet light 
intensity is 12000-[p,w/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [p,w/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2].) 

The TMM2764ADI's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TIL. 

Vpp Vee 00-07 
POWER (1) (28) (11-13.15-19) 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12.5V 6V 
High Impedance Active 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACe). 

Assuming that CE=VIL, PGM=VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM2764ADI has a low power standby mode 
controlled by the CE signal. 

By applying a TIL high level to the CE input, the 
TMM2764ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM2764ADI are in the "1" state which is erased 
state. The programming operation is introduces "as" 
data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764ADI from being 
programmed. 

Programming of two or more TMM2764ADI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program
ming mode when the programming voltage( + 12. 5V) 
is applied to the Vpp terminal with Vcc= 6V and PGM 
=VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct. another 

TMM2764ADI-15 
TMM2764ADI-20 

reduce 70% of the operating current and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The levels required for all inputs are TIL. 
The TMM2764ADI can be programmed any location 

at anytime - either individually, sequentially or at 
random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TIL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TIL high level signal is applied to the 
other devices. 

program pulse of 1 ms is applied and then pro
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 
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TMM2764ADI·15 
TMM2764ADI·"20 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROORAM 3X PULSES OF Ims8c 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM2764ADI which identifies its manu
facture and device type. 

The programming equipment may read out manu
facturer code and device code from the TMM2764ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

5 

7) 

0 

0 

TMM2764ADI-15 
TMM2764ADI-20 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output 
under these conditions is manufacturer code. Device 
code is identified when address AO is set to VIH. 
These two code possess an odd parity with the parity 
bit of MSB (07). 

The following table shows electric signature of the 
TMM2764ADI. 

0, 0 3 

I 
O2 0 1 T0., HEX. I 

(16) (15) (13) (12) (11) DATA 

I 
--r--

98 ! 1 1 0 0 0 

1 0 I 0 1 0 52 --i ______ J 
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1MM2764AOI-15 
1MM2764AOI-20 

OUTLINE DRAWINGS 

28 Z1 26 25 \24 

R0.64 

37.7 MAX. 

7.1 ± 0.2 

19 18 17 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

2.54±0.25 L3±0.25 

+0.15 
0.46-0.10 

Note 1 

CD 
CD 
~ 
rl 

Unit in mID 

15.24±0.3 

+0.15 

CJ 
Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

Note: ToshIba does not assume any responsiblhty for use of any CIrcuItry described. no cIrcuIt patent hcenses are Imphed •• and Toshiba reserves the right. at any tIme 

without notice. to change said circuitry. 

rt:·May .• 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 

TMM27128AD-15, TMM27128AD-150 
TMM27128AD 20, TMM27128AD-200 

DESCRIPTION 

The TMM27128AD is a 16,384 word x 8 bit ultra
violet light erasable and electrically programmable 
read only memory. For read operation, the TM M 
27128AD's access time is 1 50ns/200ns, and the 
TMM27128AD operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 

-15 I -20 -150 I -200 

Vee 5V±5% 5V±10% 

tAee 150ns I 200ns 150ns I 200ns 

1eC2 100mA 120mA 

lee 1 30mA 35mA 

PIN CONNECTION (TOP VIEW) 

vcc 
PUM 

A13 
AS 

A5 Ag 

A4 All 
A3 OE 

A2 Ala 
Al CE 
AO °7 
00 °6 
01 °5 

°2 °4 
03 

The standby mode is achieved by applying a TIL
high level signal to the CE input. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128AD is fabricated with the N
channel silicon double layer gate MaS technolgy. 

• Fully static operation 

• High speed programming mode 

• Single location pro.gramming 

• Three state outputs 

• Inputs and outputs TIL compatible 

• Pin compatible with i27128A 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AIO 
All 
Al2 
Al3 

Vpp OND Vee 

MODE SELECTION 

PIN NAMES 

Ao-A13 Address Inputs 

00-07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

GND Ground 

~ PIN .PGf\i1 
MODE~ (27) 

Read H 

Output 

* Deselect 

Standby * 
Program L 

Program * 
Inhibit H 

Program 
H 

Verify 

Note * : H or L 
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CE OE Vpp Vee 00-07 
POWER 

(20) (22) (1) (28) (11-13,15-19) 

L L Data Out 
Active 

* H 5V 5V High Impedance 

H * High Impedance Standby 

L * Data In 

H * High Impedance 
12.5V 6V Active 

L H High Impedance 
I 

L L Data Out 



TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 

MAXIMUM RATINGS 

SYMBOL ITEM 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature' Time 

TSTRG Storage Temperature 

TOPR Operating Temperature 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Temperature 

Vee Vee Power Supply Voltage 

Vrp Vrp Power Sup'ply Voltage 

D. C. AND OPERATING CHARACTERISTICS 

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

I 
1.5 W 

260·10 ·C·sec 

-65-125 'C 

0-70 'C 

TMM27128AD-15/20 TMM27128AD-150/200 

0-70'C 0-70'C 

5V±5% 5V±10% 

2 .0-Vce±0. 6V 2.0-Vee+0.6V 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vec - - ±10 11A 

ILO Output Leakage Current VouT=0.4-Vec - - ±10 JlA 

- -15/20 - - 30 
leel Supply Current (Standby) CE=VIH mA 

-150/200 - - 35 

- -15/20 - - 100 
1eC2 Supply. Current (Active) CE=VIL mA 

-150/200 - - 120 

VIH Input High Voltage - 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage - -0.3 -- 0.8 V 

VOH Output High Voltage IOH= -400JlA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V· 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 JlA 
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TMM21128AO-15, TMM21128AO-150 
TMM21128AO-20, TMM21128AO-200 

A. C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM2712BAD-15/150 

MIN. 

TMM2712BAD-20~20qO ---, 
UNIT 

MAX. MIN. I MAX. 

ns 

tACC Address Access Time - 150 - I 200 ns 

tCE CE to Output Valid -- 150 - 200 
r-----~_==_-----------------------------_4---------~--------_+---------~--------~----4 

tOE OE to Output Valid - 70 - I 70 ns 
~----~_===~---------------------------4---------+--------_+--------~ 

tPGM PGM to Output Valid - 70 -~O ns 

tOf I CE to Output in Hlgh-Z 0 60 0 60 ns 

tDF2 OE to Output In Hlgh-Z 0 60 0 60 ns 

tOF3 PGM to Output In Hlgh-Z 0 60 0 60 ns I 
~----~--------------------------------_4---------~--------_+----- ---- -~~ 

~ __ to_H __ ~_O_u_tp_u_t_D_a_ta_H_o_l_d_T_lm_e ________________ ~ _____ O ____ ~ ___ -____ ~ ____ O ___ ~·- ! ~ 
A. C. TEST CONDITIONS 

o Output Load 
o Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25'C. f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

1 TTL Gate and Cl = 100pF 
10ns Max. 

0.45V to 2.4V 

Inputs O. BV and 2. OV. Outputs O. BV and 2. OV 

CONDITION 

VIN=OV 

Vour=OV 

* This paramater is periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 

OE 

PGM 

HIGH Z 
DATA OUTPUTS 

- 0-29 -

MIN. TYP. MAX. UNIT 

- 4 6 pF 

-- 8 12 pF 

HIGH Z 



TMM27128AO-15, TMM27128AO-150 
TMM27128AO-20, TMM27128AO-200 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input.Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MIN. TYP MAX. 

2.0 - Vee+ 1.0 

-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J1A 2.4 - -

VOL Outpu Low Voltage IOL=2.1 mA - - 0.4 

Icc Vee Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

Via A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp= 12. 5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPAT Program pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid Valid 

tOF2 OE to Output is High-Z 

A. C. TEST CONDITIONS. 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 

-
-
-

CE=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 

0.45V to 2.4V 
Input 0.8V and 2.0V. Output 0.8V and 2.0V 
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MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

5 

5 

-

-

TYP. MAX. 

- -
- -

- -

- -

- -

- -

- -

1.0 1.05 

3 78.75 

- -

- -

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

J1A 

V 

V 

mA 

mA 

V 

UNIT 

J1S 

J1S 

J1s 

J1s 

J1s 

J1s 

J1s 

ms 

ms 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS (READ) 

ADDRESSES =>< 
tAS 

CE \\\\\( \\ 
~ 

---.I t- / 

tOE 
I 

UNKNOWN H DIN KDOUT 
STABLE )- VALID 

tDS tDH 

I 

U tpFT tpRT 
POM 

~ 
VPP IIIII! 'II; 

tvs 
~ 

PROGRAM 
PROGRAM VERIFY 

INITIAL PROCRAM 

~-( 
tDF2 

I 

l 

DIN 

tDS 

TMM27128AO-15, TMM27128AD-150 
TMM27128AO-20, TMM27128AD-200 

C 
tAH 

-/. if////! 
tCEH J 

STABLE 

tDH 

/ 

tOPW 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and sening the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permined up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 

be exceeded 14V. 
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TMM27128AO-15, TMM27128AO-150 
TMM27128AO-20, TMM27128AO-200 

ERASURE CHARACTERISTICS' 

The TM M27128AO's erasure is achieved by apply
ing shortwave ultraviolet light which has a wave
length of 2537 A (Angstroms) through the chips trans-
parent window. , 

The integrated dose (ultraviolet light intensity 
[W/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27128AD's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 

~ R) PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta =0-70'C) Standby * H 

PROGRAM 
Program L L 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5'C) 

Program Verify H L 

Note H . VIH, L. VIL, * . VIH or VIL 

READ MODE 

The TMM27128AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 
~e output enable (OE) and the program control 
(PGM) control the output buffers, independenr of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data)s valid at the-output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

'Assuming that CE=VIH or OE=VIH, the outputs will 
6e in high impedance state. 
Thus, two or more TM M27128AO's can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [/Lw/cm 2] will reduce the exposure 
time to about 20 ]hlinutes. (In this case, the integrated 
dose is 12000 [p.w/cm2j X (20X60) [sec] ~ 15 
[w· sec/cm2j .) 

The TM M27128AO's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail
able 

In the read operation mode, a single 5V power 
su~ply is required and the levels required for all 
inputs are TTL. 

Vpp Vee 00-07 
(1) (28) (11-13,15-19) 

POWER 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACe). 

Assuming that CE=VIL, PGM=VIH and all ad
dresses are valid, the output is valid at the outputs. 
after tOE from the falling edge of OE. 

And assuming that CE = OE = VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM27128AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TM M27128AD are in the "1" state which is the erased 
state. 
The programming operation introduces "Os" data into 
the desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is 'applied to Vpp'terminal, a high level CE or 
PGM input inhibits the TMM27128AO from being 
programmed, 

Programming of two or more TM M2 7128AO's in 
parallel with different data ;s easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+ 12. 5V) is 
applied to the Vpp terminal with Vee= 6V and PGM = 
VIH. 

The programming is achieved by applying a smgle 
TTL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

TMM21128AO-15, TMM21128AD-150 
TMM21128AO-20, TMM21128AD-200 

reduces 70% of operating current. The outputs are in 
a high impedence state, independent of the OE and 
the PGM inputs. 

The levels required for all inputs are TTL. 
The TM M27128AD can be programmed at any 

location, anytime - either individually, sequentially or 
at random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices, 

program pulse of 1 ms is applied and then pro
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25' times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vee = Vpp 
=5V. 
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TMM27128AO-15, TMM27128AO-150 
TMM27128AO-20, TMM27128AO-200 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERFROGRAM ~ PULSES OF ~soc 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128AD which identifies its manufac
ture and device type. 

The programming equipment may read out manu
facturer code and device code from the TM M2764AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

~~ Ao 0 7 

SIGNATURE (10) (19) 

Manufacture Code VIL 1 

Device Code VIH 1 

Notes: A9=12V±0.5V 
A1-A8. A10-A13.CE. OE=VIL 
PGM=VIH 

0 6 

(18) 

0 

1 

Os 
(17) 

0 

0 

TMM27128AO-15, TMM27128AD-150 
TMM27128AO-20, TMM27128AD-200 

Electric signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TM M27128AD. 

O. 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) ( 11) DATA 

1 1 0 0 0 98 

1 0 0 1 1 03 
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TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20,' TMM27128AD-200 

OUTLINE DRAWINGS 

:3 7.7 MAX • 

7.1" 0.2 

28 Z7 26 2b 24 23 22 21 a:J 19 18 17 16 15 

RU64 

1 2 :3 4 ,5 6 7 8 9 10 11 12 13 14 

+U15 
U46-UI0 

Note 1 

Unit in mrn 

15.24±U3 ------------
I I 

--l 1-

J-U25:,:m 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 
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TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 

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. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
16,3B4 WORD X B BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N·CHANNEL SILICON STACKED GATE MOS 

TMM27128ADI-15 
TMM27128ADI-20 

DESCRIPTION 

TheTMM27128ADI isa 16,384 word x 8 bit ultra
violet light erasable and electrically programmable 
read only memory. For read operation, the TM M 
27128ADI's access time is 150ns/200ns, and the 
TMM2 7128ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 

-15 I -20 

Vee 5V±5% 

tAee 150ns I 200ns 

1eC2 100mA 

leel 30mA 

PIN CONNECTION (TOP VIEW) 

Vpp vcc 
PGM 

A13 
AS 

A5 Ag 

A4- All 
OE 

Ala 
CE 

AO °7 
00 0 6 

°1 °5 

°2 04-
GND °3 

The standby mode is achieved by applying a TIL
high level signal to the CE input. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM2 7128ADI is fabricated with the N
channel silicon double layer gate MOS technolgy. 

• Wide operating temparature range -40-85'C 
• Full static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TIL compatible 

o Pin compatible with i2 7128 A 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AIO 
All 
A12 
A13 

Vpp OND Vee 

MODE SELECTION 

~ 
iPGM CE OE Vpp Vee 00-07 

POWER 
MODE (27) (20) (22) (1) (28) (11-13.15-19) 

PIN NAMES Read H L L Data Out 
Active 

Ao-AI3 Address Inputs 

00-07 Outputs (Inputs) 

Output 
H 5V 5V High Impedance * * Deselect 

CE Chip Enable Input Standby * H * High Impedance Standby 

OE Output Enable Input Program L L ~ * Data In 

PGM Program Control Input 

Vpp Program Supply Voltage 

Program * H * High Impedance 
12.5V 6V Active 

Inhibit H L H High Impedance 

Vee Vee Supply Voltage (+ 5V) Program 
H L L Data Out 

GND Ground Verify 

Note * : H or L 
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TMM27128ADI-15 
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, MAXIMUM RATINGS 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

ITEM 

TsoLoER Soldering Temperature· Time 

TSTRG Storage Temperature 

TOPR Operating Temperature 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Temperature 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

SYMBOL PARAMETER CONDITION 

III Input Current VIN=O-Vee 

ILO Output Leakage Current VouT=0.4-Vee 

leel Supply Current (Standby) CE=VIH 

lec2 Supply Current (Active) CE=VIL 

VIH Input High Voltage -

VIL Input Low Voltage -

VOH Output High Voltage IOH= -400j.tA 

VOL Output Low Voltage IOL=2.1 mA 

IpPl Vpp Current Vpp=0-Vcc+0.6 

- 0-40 -

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260·10 ·C·sec 

-65-125 'C 

-40-85 'C 

TMM27128ADI-15/20 

-40-85'C 

5V±5% 

2.0-Vee±0.6V 

MIN. TYP. MAX. UNIT 

- - ±10 j.tA 

- - ±10 j.tA 

- - 35 mA 

- - 120 mA 

2.0 - Vcc+ 1.0 V 

-0.3 - 0.8 V 

2.4 - - V 

- - 0.4 V 

- - ±10 j.tA 



A. C. CHARACTERISTICS 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in Hlgh-Z 

tPF2 OE to Output In High-Z 

tOF3 PGM to Output In Hlgh-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
o Input Pulse Rise and Fall Times 
• Input Pulse Levels 
CD Timing Measurement Reference Level 

CAPACITANCE * (Ta=25·C, f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TMM27128ADI-15 

MIN. 

-
_. 
-
-
0 

0 

0 

0 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 

150 

150 

70 

70 

60 

60 

60 

-

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

CONDITION 

VIN=OV 

Vour=OV 

* This para mater IS periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 

OE 

tpGM 

PGM 

HIGH Z 
DATA OUTPUTS 

- 0-41 -

TMM27128ADI-15 
TM M27128AD 1-20 

TMM27128ADI-20 
UNIT 

MIN. MAX. 

- 200 ns 

- 200 ns 

- 70 ns 

- 70 ns 

0 60 ns 

0 60 ns 

0 60 ns 

0 - ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 8 12 pF 

HIGH Z 



TMM27128ADI-15 
TMM27128ADI-20 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input .Low Voltage 

Vee V(e Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MIN. TYP MAX. 

2.2 - Vee+ 1.0 

-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vce - - ±10 

VOH Output High Voltage IOH= -400)iA 2.4 - -

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 

Ice Vee Supply Current - - -- 120 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

VIO A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vcc=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

tCEH CE Hold Time 

tos Data Setup Time 

tDH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid Valid 

tDF2 OE to Output is High-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-
-

-

-

-

Note 1 

-
-

-

CE=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 

Input 0.8V and 2.0V. Output 0.8V and 2.0V 

- 0-42 -

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

5 

5 

-

-

TYP. MAX. 

- -

- -

- -
- -
- -
- -

- -

1.0 1.05 

3 78.75 

- -
- -

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

)iA 

V 

V 

mA 

mA 

V 

UNIT 

)is 

)is 

)is 

)is 

)is 

)is 

)is 

ms 

ms 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS (READ) 

ADDRESSES ~ 
tAS 

CE \\\\\\' ~\-
~ 

~ \ J to 

tOE 

UNKNOWN H DIN KDOUT 
STABLE ~ VALID 

tDS tDH 

I 

U tpFT tpRT 
PaM 

~ 
Vpp !///!; '/jJ 

~ 
PROGRAM 

PROGRAM VERIFY 

INITIAL PROGRAM 

Hf-
tDF2 

·1 

I 

DIN STABLE 

tDS 

/ 

tOPW 

\ 

PROGRAM 

TMM27128ADI-15 
TM M27128AD 1-20 

C 
tAH 

--i ifjjjiL 
tCEH J 

tDH 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. so the voltage over 14V should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal. the overshoot voltage of its pulse should not 

be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128ADI's erasure is achieved byapply
ing shortwave ultraviolet light which has a wave
length of 2537 A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[W/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM2 7128ADI's' six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

; DE) PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta= -40-85·C) Standby * H 

PROGRAM 
Program L L 

* H 
OPERATION Program Inhibit 

(Ta=25±5·C) 
H L 

Program Verify H L 
.. Note H . VIH. L .• '(IL, * : VIH or VIL 

READ MODE 

The TMM27128ADI ha's three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 
~e output enable (OE) and the program control 
(PGM) control the output buffers. independent 'of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will 
be in high impedance state. 
So two or more TMM27128ADI's can be connected 

OE 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [ILw/cm 2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [ILw/cm 2 ] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TMM27128ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail
able 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inpu~s are TIL. 

Vpp Vee 00-07 
(22) (1) (28) (11-13,15-19) 

POWER 

L 

H 

* 
* 
* 
H 

L 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (tcE) is equal to the address 
access time (tACe). . 

Assuming that CE=VIL. PGM =VIH and all ad
dresses are valid, the output is valid at the outputs 
after tOE from the falling edge of OE. . 

And assuming that CE=OE=VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a TIL high level to the CE input, the 
TM M27128ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program-

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp termmal, a high level CE or 
PGM input inhibits the TMM27128ADI from being 
programmed. 

Programming of two or more TMM27128ADI's in 
parallel with different data is easily accomplished: 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+ 12. 5V) is 
applied to the Vpp terminal with Vee = 6V and PGM = 
VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM mput after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

TMM27128ADI-15 
TM M27128AD 1-20 

reduces 70% of operating current. The outputs are 
then in a high impedence state, independent of the 
OE and the PGM inputs. 

mingo 
The levels required for all inputs are TIL. 
The TM M27128ADI can be programmed at any 

location, anytime - either individually, sequentially or 
at random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TIL high level signal is applied to the 
other devices. 

program pulse of 1 ms is applied and then pro
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for prowamming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vec=Vpp 
=5V. 
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TMM27128ADI-15 
TMM27128ADI-20 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERFROGRAM 3X PULSES OF lmsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE· 

Electric signature mode allows a code to be read 
from the TMM27128ADI which identifies its manu
facture and device type. 

The programming equipment may read out manufac
turer code and device code from the TMM27128ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

Ao 0 7 0 6 Os ~ SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 

Device Code VIH 1 

Notes: A9 = 12V±0. 5V 
A1-A8, A10-A13,CE, OE=VIL 
PGM=VIH 

0 0 

1 0 

TMM27128ADI-15 
TMM27128ADI-20 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of 
TMM27128ADI. 

O. 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) ( 11) DATA 

1 1 0 0 0 98 

1 0 0 1 1 D3 
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TMM27128ADI-15 
TM M27128AD 1-20 

OUTLINE DRAWINGS 

3 7.7 MAX • 

7.1 ±O.2 

28 27 26 25 24 23 22 21 m 19 18 17 16 15 

R Cl6 4 

2 3 4 5 6 7 8 g' 10 11 12 13 14 

2.54±Cl25 1.3 ± Cl2 5 

+Cl15 
Cl46-Cl10 

Note 1 

Unit in nun 

15.24±Cl3 

I I 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

N )tc . ToshIba does not assume any respons,b,hty for use of any cIrcUItry described; no cIrcuIt patent hcenses are Imphed. and ToshIba reserves the right. at any time 
wIthout notIce. to change said cIrcuitry. 

t:May .• 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
32,76B WORD X B BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 

DESCRIPTION 

The TMM2 7256AD is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program
mable read only memory, 

For read operation, the TMM27256AD's access 
time is 150ns/200ns, and the TMM27256AD oper
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis
sipation without increasing a'ccess time, The standby 

FEATURES 

-15 I -20 -150 I -200 

I Vee 5V±5% 5V±10% 

~ 
150ns I 200ns 150ns , 200ns 

lee2 100mA 120mA 

Icel 30mA 35mA 

PIN CONNECTION (TOP VIEW) 

Vee 
AU 

A13 

AS 

A5 A9 

A4 All 

6E 
A10 

CE 
AO 07 

00 06 

01 05 

02 04 

OND 03 

mode is achieved by applying a TIL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256AD is fabricated with the N-chan
nel silicon double layer gate MaS technology, 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TIL compatible 
• Pin compatible with i 27256 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

AlO 
All 
A12 
A13 
A14 

Vpp OND Vee 00 01 0203 04 05 06 07 

PIN NAMES MODE SELECTION 

Ao-A14 Address Inputs 

00-07 Outputs (Inputs) ~ CE OE Vpp Vee 00-07 
POWER 

MODE (20) (22) (1) (28) (11-13,15-19) 

CE Chip Enable Input Read L L Da~ Out 
Active 

OE Output Enable Input 

Vpp Program Supply Voltage 

Output 
H 5V 5V High Impedance * Deselect 

Vee Vee Supply Voltage (+5V) Standby H * High Impedance Standby 

GND Ground Program L H Data In 

Program 
H * 12,5V 6V High Impedance Active 

Inhibit 

Program 
L Data Out * Verify 

Note * : H or L 
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TMM27256AO-15, TMM27256AO-150 
TMM27256AO-20, TMM27256AO-200 

I 
! 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VI'O Input/Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TSOLOER S'oldering Temperature' Time 260·10 ·C·sec 

TSTG Storage Temperature -65-125 ·C 

TOPR Operating Temperature 0-70 ·C 

READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONSI 

SYMBOL PARAMETER TMM27256AD-15/20 TMM27256AD-150/200 

Ta Operating Temperature 0-70·C 0-70·C 

Vee Vee Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2 .0-Vee±0. 6V 2 .0-Vee+0. 6V 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 JiA 

ko Output Leakage Current VouT=0.4-Vee - - ±10 JiA 

- -15/20 - - 30 
lee 1 Supply Current (Standby) CE=VIH mA 

-150/200 - - 35 

CE=VIL 
-15/20 - - 100 

1eC2 Supply Current (Active) mA 
-150/200 - - 120 

VIH Input High Voltage - 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage - -0.3 -- 0.8 V 

VOH Output High Voltage IOH= -400JiA 2.4 - - V .. 
VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

... 

IpPl Vpp Current Vpp=0-Vec+0.6 - - ±10 JiA 
.. ---

A. C. CHARACTERISTICS (Ta=0-70·C, Vee=5V± 5%, Vpp=2 .0V-Vee+0. 6V) 

! I TMM27256AD-15/150 TMM27256AD-20/200 
PARAMETER 

''''1' 
',:-JcJress Access Time \ 

~--~~;-- CE to Output Valid 

I tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

/, C Test Conditions 

"'.J'.;i.put Load 
input Pulse Rise and Fall Times 

~, Input Pulse Levels 
G Timing Measurement Reference Level 

TEST CONDITION 

CE =OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 

CE=VIL 

CE=OE=VIL 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MIN. MAX. 

- 150 

- 150 

- 70 

0 60 

0 60 

0 -

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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UNIT 
MIN. MAX. 

- 200 ns 

- 200 ns 

- 70 ns 

0 60 ns 

0 60 ns 

0 - ns 



TMM27256AO-15, TMM27256AO-150 
TMM27256AO-20, TMM27256AO-200 

CAPACITANCE * (Ta=25·C. f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUT Output Capacitance Vour=OV - 8 12 pF 

* This para mater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO-A14 

00-07 
HIGH Z HIGH Z 

DATA OUTPUTS 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

Vil Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J.lA 

VOH Output High Voltage IOH= -400J.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

lee Vee Supply Current - - - 120 mA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 mA 
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TMM27256AO-15, TMM27256AO-150 
TMM27256AO-20, TMM27256AD-200 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.25V, Vrp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION I MIN. TYP. IMAx~rUNiTl 
tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

:= ~ := i :=j~:~~ 
- 0 - I - i ns 

~------~==--~------------------~--------------------------------+----r'--~I-----r-----
- 0 i • ns , 

tOES OE Setup Time 

tos Data Setup Time 

tOH Data Hold Time 

tvps Vpp Setup Time 

~ I 2 I := t;._l=~s 1 
- 21- -._~ i 

- 2 I )lSi 

- 2 - I -i--;si 
r--

tves Vee Setup Time 
-1----'----1 

~--~--+_----~------------------~----------==~-------------------+_-2---t---- i - +--£~_~ 
CE=VIL,OE=VIH 10.951 1 ;1.05: ms I tpw Initial Program Pulse Width 

Overprogram Pulse Width 
~------+--------=------------------~---------------------------.---+-. -----I.f----h;:: I --. ...j 

~ ______ +--:= __ --=c __________________ ~---------------=N=0=-t-e-1.--------------+-?-_. 851 3 :78. ~~~ __ .~ topw 

tOE CE==VIH bE to Output Valid 

1 tDEF ! OE to Output In Hlgh-Z I 
j .- ,'- i 150 I ns ; 

~------+-=----~------------------1-------------C-E-=-V-'-H-----------+----t----I13OI~-~: 
______ ~ ____ -=--__________ __"______________________________ -=--1-.=._1 _______ ..1. _____ .-.-1 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.Z5V. Vpp=lZ.5V±O.5V) 

eE 

)< K= 
I tAH 

~ I tpw I 

1\ ~V ~ 
~ 

XX~ 
~ 

~ tOFP 

AO-14 

1\ 
tos ~ tOE 

-I-

a STABLE 1\ 
DOUT YALIO 11\ 

'I '£ 00- 07 

I 
tyPS 

Ypp 
1 

I 

tyes 
PROGRAM PROGRAM YER I FY 

I 
Yee 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp = 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vrp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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ERASURE ,CHARACTERISTICS 

The TM M27256AO's erasure is achieved by apply
ing shortwave ultraviolet light which has a wave
length of 2537A (Angstroms) through the chips trans
parent window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time, [sec.]) for erasure should be 
a minimum of 15 [w· sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256AO's six operation modes are list
ed in the following table. Mode selection can be 

ER) CE 
MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta=O-70'C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5'C) 

Program Verify * 
Note H : VIH, L : VIL, * : VIH or VIL 

READ MODE 

The TMM27256AO has two control functions. 
The chip enable (CEl controls the operation power 
and should be used for deVice selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE=OE=VIL, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH.the outputs 
will be in a high impedance state. 

So two or more TMM27256AO's can be con-

OE 
(22) 

L 

H 

* 
H 

* 
L 

TMM21256AO-15, TMM21256AO-150 
TMM21256AO-20, TMM21256AO-200 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [J,tw/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [J,tw/cm2] X (20X60) [sec] 9!: 15 
[w· sec/cm2] .) 

The TMM27256AO's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. ' 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail
able 

achieved by applying TIL level signal to all inputs. 

Vpp Vee 00-07 
POWER (1) (28) (11-13.15-19) 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12.5V 6V High Impedance Active 

Data Out Active 

stabilizing of all addresses. 
The CE to output valid (tCE) is equal to the address 

access time (tACC). 
Assuming that CE =VIL and all addresses are 

valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 

STANDBY MODE 

The TM M27256AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TM M27256AD is placed in standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TM M27256AD are in the "1" state which is the erased 
state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) IS applied to Vpp terminal. a high level CE 
input inhibits the TMM27256AD from being pro
grammed. 

Programming of two or more TMM27256ADs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+ 12. 5V) is 
applied to the Vpp terminal with Vee = 6V. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse to the CE input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct. another 

reduces the operating current by 70%. The outputs 
are then in a high impedence state, independent of 
the OE inputs. 

The TMM27256AD is in the programming mode 
when the V input is at 12.5V and CE is at TIL-Low with 
OE=VIH· 

The TM M27256AD can be programmed at any 
location, anytime - either individually, sequentially or 
at randomly. 

The verify is accomplished with OE of VIL and CE 
VIH or VIL. 

That is . all inputs except for CE and OE may be 
commonly connected. and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TIL high level signal is applied to the other' 
devices. 

program pulse of 1 ms is applied and then the pro
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address. the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed. the 
data in all addresses should be verified with Vec=Vpp 
=5V. 
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TMM27256AO-15, TMM27256AD-150 
TMM27256AO-20, TMM27256AD-200 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 

NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF 1 msec 

OR ONE PULSE OF 3~ mS6C DURATION 

NO 
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TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TM M27256AD which identifies its manu
facture and device type. 

The 'programming equipment may read out manufac
turer code and device code from the TM M27256AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

Notes: A9 = 12V±O. 5V 

OUTLINE DRAWINGS 

R0,64 

2.54±0,25 1.3±U25 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TM M27256AD. 

Unit in IIlIII 

15.24±0,3 

Note 1 +0.15 
0.46-0.10 17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 5~mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. 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. 

©May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
32,768 WORD X 8 BIT N·MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

TMM27256ADI-15 
TMM27256ADI-20 

DESCRIPTION 

The TMM27256ADI is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program· 
mabie read only memory. 

For read operation, The TMM27256ADI's access 
time is 150ns/200ns, and the TMM27256ADI oper
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis
sipation without increasing access time. The standby 

FEATURES 
'-

-15 I -20 

Vee 5V±5% 

tAee 150ns I 200ns 

1eC2 100mA 

lee 1 30mA 

PIN CONNECTION (TOP VIEW) 

Vee 
AU 
Al3 
AS 

A5 A9 

A4 All 

A3 DE 
A2 AIO 

BE 
07 

00 06 

01 05 

02 04 

OND 03 

mode is achieved by applying a TIL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256ADI is fabricated with the N-chan
nel silicon double layer gate MaS technology. 

• Wide operating temparature range -40-85°C 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with i27256 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

AO 
Al 
A2 
~:! 
A4 
A5 
A6 
A7 
AS 
A9 

AlO 
All 
A12 
AI:! 
Al4 

Vpp OND Vee 00 01 0203 O. 05 06 07 

PIN NAMES MODE SELECTION 

AO-'A14 Address Inputs 

00-07 Outputs (Inputs) ~ CE OE Vpp Vee 00-07 
POWER 

MODE (20) (22) (1) (28) (11-13,15-19) 

CE Chip Enable Input Read L L Data Out 
Active 

OE Output Enable Input 

Vpp Program Supply Voltage 

Output 
H 5V 5V High Impedance * Deselect 

Vee Vee Supply Voltage (+ 5V) Standby H * High Impedance Standby 

GND Ground Program L H Data In 

Program 
H * 12.5V 6V High Impedance Active 

Inhibit 

Program 
L Data Out * Verify 

Note * . H or L 
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IMMlIZbIlAUI-l II 
TMM27256ADI-20 

MAXIMUM RATINGS 

SYMBOL 

Vee Vee Power Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

Via Input/Output Voltage 

Po Power Dissipation 

ITEM 

TSOLOEA Soldering Temperature· Time 

TSTG Storage Temperature 

TaPA Operating Temperature 

READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Temperature 
--

Vee Vee Power Supply Voltage 

VPP VPP Power Supply Voltage 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION 

III Input Current VIN=O-Vee 

!La Output Leakage Current VouT=0.4-Vec 

IeCl Supply Current (Standby) CE=VIH 

1eC2 Supply Current (Active) CE=VIL 

VIH Input High Voltage -

VIL Input Low Voltage -

VOH Output High Voltage IOH= -400J-lA 

VOL Output Low Voltage IOL=2.1mA 

IpPl VPP Current Vpp=0-Vcc+0.6 

RATING 

-0.6-7.0 

-0.6-14.0 

-0.6-7.0 

-0.6-7.0 

1.5 

260·10 

-65-125 

-40-85'C 

TMM27256ADI-15!20 

-40-85'C 

5V±5% 

2.2-Vee±0.6V 

MIN. TYP. 

- -

- -

- -

- -
2.2 -

-0.3 -

2.4 -
- -

- -

A. C. CHARACTERISTICS (Ta= -40-85'C, Vcc=5V±5%, Vpp=2 .0V-Vcc+0. 6V) 

UNIT 

V 

V 

V 

V 

W 

'C'sec 

'C 

'C 

MAX. UNIT 

±10 J-lA 

±10 J-lA 

35 mA 

120 mA 

Vec+ 1.0 V 

0.8 V 

- V 

0.4 V 

±10 J-lA 

TMM27256AD-15 TMM27256AD-20 
SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A C Test ConditIOns 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

CE =OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 

CE=VIL 

CE=OE=VIL 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MIN. MAX. 

- 150 

- 150 

- 70 

0 60 

0 60 

0 -

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V , 
- 0-58 -

UNIT 
MIN. MAX. 

- 200 ns 

- 200 ns 

- 70 ns 

0 60 ns 

0 60 ns 

0 - ns 



CAPACITANCE * (Ta=25·C. f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance Vour=OV 

* This para mater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO-A14 

HIGH Z 
00-07 DATA OUTPUTS 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN, 

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.3 

Vee Vee Power Supply Voltage 5.75 

Vpp Vpp Power Supply Voltage 12.0 

TYP. 

-

-

6.0 

12.5 

TMM27256ADI-15 
TMM27256ADI-20 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 8 12 pF 

HIGH Z 

,--
MAX. UNIT 

Vee+ 1.0 V 

0.8 V 

6.25 V 

13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 j.lA 

VOH Output High Voltage IOH= -400j.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

Icc Vee Supply Current - - - 120 mA 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 mA 
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TMM27256ADI-15 
TM M27256AD 1-20 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - J.ls 

tAH Address Hold Time - 2 - - J.lS 
'-

tCES CE Setup Time - 0 - - ns 

tCEH CE Hold Time - 0 - - ns 

tors OE Setup Time - 2 - - J.lS 

tos Data Setup Time - 2 - - J.lS 

Data Hold Time - 2 - -tOH J.lS 

t=1vps Vpp Setup Time - 2 - - J.ls 
--

I 

I 
I 
l 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tOf OE to Output Valid 

tmF 
I OE to Output In High-Z 
I 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

-
CE=VIL.OE=VIH 

Note 1 

CE =VIH 

CE =VIH 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 0.8V and 2.0V. Output 0.8V and 2.0V 

2 

0.95 

2.85 

-

--

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X . 

. TIMiNGWA"EFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO-14 

DO - 07 

vpp 

Vee 

- - J.ls 

1 1.05 

~ 3 78.75 ms 

-- 150 ns 

-- 130 ~~~J 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Re'moving the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal. the overshoot 
voltage of its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256ADI's erasure is achieved byapply
ing shortwave ultraviolet light which has a wave
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w· sec/cm2] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256ADI's six operation modes are list
ed In the following table. Mode selection can be 

---~R) CE 
MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta= -40-85"C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5'C) 

Program Verify * 
Note H : VIH, L : VIL, * : VIH or VIL 

READ MODE 

The TMM27256ADI has two control functions. 
The chip enable (CE) controls the operation power 

and should be used for device selection. 
The output enable (OE) controls the output buffers, 

independent of device selection. 
Assuming that CE=OE=VIL, the output data is valid 

at the outputs after the address access time from 

OUTPUT DESELECT MODE 

With CE=VI H or OE=VI H, outputs will be in high 
impedance state. 
Therefore two or more TM M27256ADI's can be con-

OE 
(22) 

L 

H 

* 
H 

* 
L 

TMM27256ADI-15 
TMM27256ADI-20 

And using commercial lamps with an ultraviolet light 
intensity of 12000 [p.w/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 _[p.w/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TMM27256ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Both Sunlight and flourescent lamps include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 

achieved by applYing TIL level signal to all inputs. 

Vpp Vee 00-07 
POWER (1) (28) (11-13.15-19) 

Data Out Active 

5 V 5V High Impedance Active 

High Impedance Standby 

Data In ~tive 
12.5V 6V High Impedance i Active 

---
Data Out Active 

stabilizing of all addressess. 
The CE to output valid (tCE) time is equal to the 

address access time (tACe). 
Assuming that CE=VI L and all addresses are valid, 

the output data is valid at the outputs after tOE from 
the falling edge of CEo 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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TMM27256ADI-15 
TMM27256ADI-20 

STANDBY MODE 

The TMM27256ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256ADI is placed in the standby mode which 

, : PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) IS applied to Vpp terminal, a high level CE 
input inhibits the TMM2 7256ADI from being pro
grammed. 

Programming of two or more TMM27256ADI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programminr,; 
mode when the programming voltage (+ 12. 5V) .3 

applied to the Vpp terminal with Vcc= 6V. 
The programming is achieved by applying a single 

TTL low level 1 ms pulse to the CE input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

reduces 70% of operating current by applying TTL
high level (VCe). The outputs are in a high impedence 
state, independent of the OE inputs. 

The TMM27256ADI is in the programming mode 
when the Vpp input is at 12.5V and CE is at TTL-Low 
under OE=VIH. 

The TM M27256ADI can be programmed at any 
location, anytime - either individually, sequentially or 
at random. 

The venfy is accomplished with OE of VIL and CE 
VIH or VIL. 

That is , all Inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired deVice only 
and TTL high level signal is applied to the other 
devices. 

program pulse of 1 ms is applied and then the pro
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming IS 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROORAM 3X PULSES OF 1 mS8C 

OR ONE PULSE OF 3X mS8C DURATION 

NO 
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TMM27256ADI-15 
TMM27256ADI-20 

I 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TM M27256ADI which identifies its manu
facture and device type. 

The programming equipment may read out manufac
turer code and device code from the TM M27256ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

Electric signature mode is set up when 12V is 
The following table shows electric signature of the 

TMM27256ADI. 

~~ Ao I 07 06 I 05 04 
SIGNATURE (10) (19) (18) (17) (16) 

I --
Manufacture Code ___ ~L __ l ___ -H 0 ~-~-
Device Code L V,H 1 0 1 0 1 - ---- -- ------4-- - ---_-+--:-_____ +---___ 

Notes: A9 = 12V±O. 5V 
Al-A'd, AlO-AI4, CE, OE-:=V'L 

OUTLINE DRAWINGS 

r 
28 

2.54±U25 

Note 1 

3 7.7 MAX • 

71-02 

1.3 ±U2 5 

+Cl15 
Cl46-U10 

It> 

14 

03 02 01 00 HEX. 
(15) (13) (12) (11) DATA 

1 0 0 0 98 

0 1 0 0 54 

Unit in mm 

15.24±Cl3 

- -- Cl25:.':~ig 

17.4 MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

Note: Toshiba does nol assume any respons,b,llly for use of any CirCUllry descnbed ; no circUlI patent licenses are Implied, and Toshiba reserves the right, at any '.Ime 
without notice, to change said circUitry .' . 

«';May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 

DESCRIPTION 

The TC57256D is a 32,768 word X8 bit CMOS 
ultraviolet light erasable and electrically program
mable read only memory. For read operation, the 
TC57256D's access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand
by mode is achieved by applying a TTL-high level 
signal to the CE input. Advanced CMOS technology 
reduces the maximum active current to 30 mA/5MHz 

FEATURES 

• Peripheral circuit: CMOS 
Memory cell N-MOS 

• Low power dissipation 
30mA/5MHZ (active) 
100llA (standby) 

• Fast access time TC572560-20 200 ns 
TC572560-25 250 ns 

PIN CONNECTION (TOP VIEW) 

TC57256D-20 
TC57256D-25 

SILICON STACKED GATE MOS 

and standby current to 100pA. 
For program operation, the programming is achiev

ed by using the high speed programming mode. 
Program supply voltage is 21 V. The programming of 
the TC57256D is accomplished within one and a half 
minutes (typ.) TC57256D is fabricated using CMOS 
technology and N-channel silicon double layer gate 
MOS technology. 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with ROMS TC53257P, TMM23256P 
- 'and EPROM i27256 

• Standard 28 pin DIP cerdip Package 

BLOCK DIAGRAM 

PIN NAMES MODE SELECTION 

Ao ,...,A14 Address Inputs 

0 0 "", 0 7 Outputs (Inputs) ~ CE OE vpp vee 0 0 ,...,07 

MODE (20) (22) (1) (28) (11,..., 13,15,..., 19) 
POWER 

CE Chip Enable Input 

OE Output Enable Input 

Read L L 5V Data Out 

Output Deselect * H 5V 5V High Impedance 
• Active 

Vpp 
P~ograrn Supply 

Voltage 
Standby H * 5V High Impedance Standby 

Program L H Data In 

Vee 
Vee Supply Voltage 

(+5V) 
Program Inhibit H * 21V 6V High Impedance Active 

GND Ground 
Program Verify L L Data Out 

* * , H or L 
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TC57256D-20 
TC57256D-25 

MAXIMUM RATINGS 

SYMBOL 

Vee 
Vpp 

VIN 
VI/o 
Po 

TSOLDER 
TSTRG 
TOPR 

ITEM 
Vee Power Supply Voltage 
Program Supply Voltage 
Input Voltage 
Input/Output Voltage 
Power Dissipation 
Soldering Temperature Time 
Storage Temperature 
Operating Temperature 

READ OPERATION 
D.C.RECOMMENDEDOPERATING'CONDITONS 

SYMBOL PARAMETER 

RATING 
-0.6-7.0 
-0.6-22.0 
-0.6_7.0 

-0.6 - Vee + 0.5 
1.5 

260 ·10 
-65 -125 
-40 -85 

MIN. TYP. MAX. 

VIH Input High Voltage 2,2 - Vee +0.3 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 
Vpp Vpp Power Supply Voltage 2.0 Vee Vee + 0.3 

D.C. and OPERATING CHARACTERISTICS (Ta = -40 - 85D C, Vee = 5V ±5%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 
III Input current VIN =O-Vee - - ±10 

lee01 Operating Current CE =0 
I f = 5MHz - - 30 

leeo2 I f= 1MHz - - 10 

Ices 1 Standby Current 
CE = VIH - - 1 

lees2 CE = Vee -0.2V - - 100 

VOH Output High Voltage IOH = -400JlA 2.4 - -
VOL Output Low Voltage IOL = 2.1mA - - 0.4 
IpP1 Vpp Current Vpp = 0 - Vee + 0.3V - - ±10 

ILO Output.Leakage Current VOUT = O.4V- Vee - - ±10 

A.C. cHARACTERISTICS (Ta = -40 - 85D C, Vee = 5V ±5%, Vpp = 2.0V - Vee + 0.3V) 

SYMBOL PARAMETER TEST CONDITION 
TC57256D-20 TC57256D-25 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tOF1 CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

, A:'C.TEST COND'TONS 

Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 
Timing Mesurement Reference LeVel 

MIN. 
CE = OE = VIL -
OE = VIL -
CE = VIL -
OE = VIL 0 
CE = VIL 0 
CE = OE = VIL 0 

1 TT L Gate and CL = 100pF 
10 ns Max. 
0,45 - 2,4V 

MAX. MIN. 
200 -
200 -

70 -
60 0 
60 0 
- 0 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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MAX. 
250 
250 
100 
90 
90 

-

UNIT 
V 
V 
V 
V 
W 

DC· sec 
DC 
DC 

UNIT 
V 
V 
V 
V 

UNIT 
JlA 
mA 
mA 
mA 
J).A 

V 
V 

JlA 
JlA 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 



.cApAcfrANcif'*(Ta = 25°C, f = 1MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance 'VIN = OV 
COUT Output Capacitance VOUT = OV 

*This parameter is periodically sampled and is not 100% tested. 

tOE 

00_07 ----__ ~ ____ « 

; PROGRAM',OPERATION 
l D.C. RECOMMENDED OPERATING CONDITONS 

SYMBOL PARAMETER 

VJH Input High Voltage 

VIL I nput Low Voltage 

Vec Vce Power Supply Voltage 
Vpp Vpp Power Supply Voltage 

MIN. TYP. 
- 4 
- 8 

MIN. TYP. 
2.2 -

-0.3 -
5.75 6.0 

20.5 21.0 

TC57Z56D-ZU 
TC57256D-25 

MAX. UNIT 
6 pF 

12 pF 

MAX. UNIT 
Vee + 0.3 V 

0.8 V 
6.25 V 

21.5 V 

D.C. and OPERATING CHARACTERISTICS (Ta = 25 ±5°C, Vee = 6V ±O.25V, Vpp = 21V ±O.5) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN = 0 '" Vee - - ±10 /lA 

VOH Output High Voltage IOH = -400/lA 2.4 - - V 

VOL Output Low Voltage IOL = 2.1mA - - 0.4 V 
. lec Vee Supply Current - - - 30 mA 

IpP2 Vpp Supply Current Vpp = 21.5V - - 30 mA 

:'A::C.'PROGRAMrrfING"?fi'ARActEfHstlcS (Ta = 25 ± 5°C, Vee = 6V ±O.25V, Vpp = 21V ±O.5) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
tAS Address Setup Time - 2 - - /ls 

tAl-! Address Hold Time - 2 - - /lS 

teEs CE Setup Time - 2 - - J,l.S 

tCEH CE Hold Time - 2 - - /lS 

tOES OE Setup Time - 2 - - ~s 

tOEH OE Hold Time - 2 - - /lS 

tos Data Setup Time - 2 - - /lS 

tOH Data Hold Time - 2 - - J,l.S 

tvs Vpp Setup Time - 2 - - /ls 

tPN Initial Program Pulse Width CE = VIL, OE = VIH 0.95 1 1.05 ms 

toPN Overprogram Pulse Width Note 1 0.95 1 21 ms 
tov CE to Output Valid OE = VIL - - 1 /lS 

tOF1 CE to Output in High-Z OE = VIL - - 150 ns 
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TC57256D-20 
TC57256D-25 

A.C. TEST CONDITIONS 

Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 
Timing Measurement Reference Level 

1 TTL Gate and CL (100pF) 
10 ns Max. 
0.45'" 2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulle may vllry III function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 
(Vee = 6V ±O.25V, Vpp = 21V ± O.5V) 

vpp 

tvs 

PROGRAM 

INITIAL PROGRAM 

PROGRAM 
VERIFY 

PROGRAM 

OVER PROGRAM 

Note: (1) Vee must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 
(2) Removing the device from socket and setting the device in socket with Vpp=21 V may cause permanent 

damage to the device. 
(3) The Vpp supply voltage is permitted up to 22V for program operation; voltages over 22V should not be 

applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 22V. 
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ERASURE CHARACTERISTICS 
The TC57256D's erasure is achieved by applying 

shortwave ultraviolet light which has a wavelength of 
2537 A (Angstroms) through the chips transparent 
window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w· sec/cm2] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TC57256D's six operation modes are listed 
in the following table. Mode selection can be achieved 

CE OE 
MODE (20) (22) 

r--._------

Read Operation 
Read L 

(Ta';' -40 _ 85°(:) Output Deselect * 
Standby H 

Program Operation Program L 

(Ta = 25 ±5°C) Program1nhibit H 
Program Verify L 

READ MODE 
The TC57256D has two control functions. The chip 

enable (CE) controls the operation power and should 
be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=VIL, the output data is valid 

L 
H 
* 
H 
* 
L 

TC57256D-20 
TC57256D-25 

And using commercial lamps with an ultraviolet light 
intensity of 12000 [p.w/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [p.w/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TC57256D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Both sunlight and flourescent lamps include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 

by applying TTL level signal to all inputs. 

Vpp vee 0 0 -07 

(1) (28) (11-13,15-19) 
POWER 

Data Out Active 
5V 5V High Impedance Active 

High Impedance Standby 
Data In Active 

21V 6V High Impedance Active 
Data Out Active 

at the outputs after the address access _ time from 
stabilizing of all addressess. 

The CE to output valid (tCE) time is equal to the 
address access time (tACC). 

Assuming that CE=VIL and all addresses are valid, 
the output data is valid at the outputs after tOE from 
the falling edge of CEo 
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TC572560-20 
TC572560-25 

OUTPUT DESELECT MODE 

With CE=VIH or OE=VIH, the outputs will be in high 
impedance state. 
Therefore two or more TC57256D's can be connected 

STANDBY MODE 

The TC57256D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the 
TC57256D is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TC57256D are in the "1" state which is the erased 
state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+21 V) 
is applied to Vpp terminal, a high level CE input 
inhibits the TC57256D from being programmed. 

Programming two or more TC57256D's in parallel 
with different data is easily accomplished: All inputs 

HIGH SPEED PROGRAMMING MODE 
The program time can be greatly decreased by 

using a high speed programming mode. The device is 
set up in the high speed programming mode. The 
device is set up in the high speed programming mode 
when the programming voltage (+21 V) is applied to 
the Vpp terminal with VCC=6V. 

Programming .is achieved by applying a single TIL 
low level 1 ms pulse to the CE input after addresses 
and data are stable. Then the programmed data is 
verified in the Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and the programmed 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 

reduces the operating current to 1 00,uA. The outputs 
will be in a high impedence state, independent of the 
OEinputs. 

The TC57256D is in the programming mode when 

. the Vpp input is at 21 V and CE is at TIL-Low OE=VIH. 
The TC57256D can be programmed at any location, 

anytime - either individually, sequentially or at ran
domly. 

The verify is accomplished with OE and CE at VI L· 

except for CE may be commonly connected, a TIL low 
level program pulse is applied to the CE of the 
desired device only, and TIL high level signal is 
applied to the other devices. 

data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
an additional program pulse with a width equal to that 
needed for initial programming is applied. 

When programming has been completed, the data 
in all addresses should be verified with VCC=Vpp=5V. 

This high speed program algorithm allows the 
programming of the TC57256D to be accomplished 
within one and a half minutes (typ.) 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS .. 
NEXT ADDRESS 

OVERPROGRAM X PULSES OF 1msec 
OR ONE PULSE OF Xmsec DURATION 
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TC57256D-20 
TC57256D-25 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TC57256D which identifies its manufacture and device 
type. 

The programming equipment may be used to read the 
manufacturer code and device code from the TC57256D by 
using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 

Ao 07 06 05 ~ SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 0 0 0 

Notes: A9 c 12V ± 0.5V 
Al - As. AlO - AI4 • CEo OE = VIL 

OUTLINE DRAWINGS 

37.7 MAX. 

8.9 TYP. 

AO.64 

address line Ag and the rest of address lines are set to VIL 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to VIH. These two codes possess an odd parity 
with the parity bit of MSB (07)' 

The following table shows electric signature of TC57256D. 

04 03 02 01 00 HEX. 
(16) (15) (13) (12) (11 ) DATA 

1 1 0 0 0 98 

0 0 1 0 0 04 

Unit in mm 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

,.... 
ci 
+1 
C'I 
M 

Note 1 

1 '5.24+0.3 ~ 

I 

0.25.:g.~g I 

. 17.4 MAX. . 

Note 2 

Note: (1) Each lead pitch 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect to No.1 and No. 28 leads. 

(2) This value is measured at the end of leads. 
(3) The dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 
I DESCRIPTIONI 

TC57256AD-15 
TC57256AD-20 

The TC57256AD is a 32,768 word X 8 bit CMOS ultraviolet light erasable and electrically programmable read only memory. For 
read operation, the TC57256AD's access time is 150ns. The TC57256AD operates from a single 5-volt power supply and has a low 
power standby mode which reduces power dissipation without increasing access time. The standby mode is achieved by applying a 
TTL-high level signal to the CE input. Advanced CMOS technology reduces the maximum active current to 40mN6.7MHz and the 
standby current to lOOJ.LA. For program operation, the programming is achieved by using the high speed prgramming mode. The 
TC57256AD is fabricated using CMOS technology and N-channel silicon double layer gate MOS technology. 

I FEATURESI 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 
Low power dissipation 
Active: 40mA/6.7MHz 
Standby: lOO~A 

• Fast access time: 
TC572S6AD-IS lSOns 
TCS7256AD-20 200ns 

IPIN CONNECTIONI (TOP VIEW) 

Vpp 
A12 

A7 

A2 
Al 
AO 
00 
01 
02 

Vee 
A14 
A13 
AS 

A9 

All 
5E 
AlO 
BE 
07 

06 

05 
04 
03 

IPIN NAr~ESI 
AO 'V A14 Address Inputs 
00-°7' Outputs (Inputs) 

CE Chip Enable Input 
~ Output Enable Input 

Program Supply Vpp 
Voltage 

Vce VCC Supply 
(+5V) 

Voltage 

GND Ground 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with ROMs TC532.57P and 

TMM23256P, TMM27256AD and TC57256AD 
• Standard 28 pin DIP cerdip package 

IBLOCK DIAGRAMI 
vpp GND 0001 02 03 04. 05 OG 07 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

AIO 
All 
A12 
A13 
A14 U""""""'--_----' 

It~ODE SEtJiliQij] --
M~l,j' CE OE Vpp 

(20) (22) (1) 
Read L L 
Output Deselect * H 5V 
Standby H * 
Program L H 
Program Inhibit H H 12.5V 
Program Verify * L 

* H or L 
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VCC 00-07 
POWER 

(28' (11 'V 13. 15 'V 19) 
Data Out Active 

SV High Impedance 
High Impedance Standby 
Data In 

6V High Impedance Active 
Data Out 



TC57256AD-15 
TC57256AD-20 

MAXIMUM RATINGS 

SYMBOL ITEM 

VCC VCC Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

RATING UNIT 

-0.6'\, 7.0 V 

-0.6'\, 14.0 V 

-0.6'\, 7.0 V 

-0.6'\, VCC+0.5 V 

1.5 W 

TSOLDER Soldering Temperature Time 260 • 10 °c • sec 

TSTRG Storage Temperature -65'\, 125 °c 

TOPR Operating Temperature -40'\.. 85 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+0. 3 

VIL Input Low Voltage -0.3 - 0.8 
V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 

Vpp Vpp Power Supply Voltage VCC-0.6 VCC VCC+0.6 

D. C. and OPERATING CHARACTERISTI CS (Ta=-40'\, 85°C, Vcc=5V:':: 5%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=OV 'IJ VCC - - :'::10 uA 

ICCOI C"E"=OV f=6.7MHz - - 40 
Operating Current 

IOUT=OmA 
rnA 

ICC02 f=lMHz - - 10 

ICCSI CE=VIH - - 1 rnA 
Standby Current 

CE=VCC-0.2V 100 ICCS2. - - uA 

VOH Output High Voltage IOH=-400uA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

IpPl VCC Current Vpp=VCC ± 0.6V - - :'::10 uA 

ILO Output Leakage Current VOUT=O. 4V '\, VCC - - :'::10 uA 
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A.C. CHARACTERISTICS (Ta=-40 rv 85°C, Vcc=5V±5%, Vpp=Vcc±0.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 
tCE CE to Output Valid 
tOE OE to Output Valid 
tDFl CE to Output in High-Z 
tDF2 OE to Output in Righ-Z 

tOR Output Data Rold Time 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TC57256AD-15 
TEST CONDITION 

MIN. MAX. 

CE=OE=VIL - 150 

OE=VIL - 150 

CE=VIL - 70 

OE=VIL 0 60 
CE=VIL 0 60 

CE=OE=VIL 0 -

1 TTL Gate and CL=lOOpF 

IOns Max. 

0.45Vrv 2.4V 

TC57256AD-15 
TC57256AD-20 

TC57256AD-20 
MIN. MAX. 

UNIT 

- 200 

- 200 

- 70' 
ns 

0 60 
0 60 

0 -

• Timing Measurement Reference Level: Inputs O.BV and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE *(Ta=25°C, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 
pF 

COUT Output Capacitance VOUT=OV - 8 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

AO-A14 

teE 

tOE 

00-07 
HIGH Z ' 
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TC57256AD-15 
TC57256AD-20 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Vce Power Supply Voltage 
Vpp VPP Power Supply Voltage 

NIN. TYP. MAX. UNIT 

2.2 - VCC+1.0 

-0.3 - 0.8 
V 

5.75 6.0 6.25 

12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta=25:!: 5°C, VCC=6V± 0.25V, Vpp=12.5V:!: 0.5V) 

SYMBOL PARAMETER TESTCONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'V Vce - - :!:10 uA 

VOH Output High Voltage IOH=-400uA 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

ICC VCC Supply Current - - - 40 mA 

IpP2 VppSupply Current Vpp=13.0V - - 50 rnA 

Vrn A9 Auto Select Voltage - 1l.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25:!: 5°C, VCC=6V:!: O.25V, Vpp=12.5V± 0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - us 

tAH Address Hold Time - 2 - - us 

tCES CE Setup Time - O' - - ns 

tCEH CE Hold Time - 0 - - ns 

tOES OE Setup Time - 2 - - us 

tDS Data Setup Time - 2 - - us 

tDH Data Hold Time - 2 - - us 

tvps VPP Setup Time - 2 - - us 

tvcs Vec Setup Time - 2 - - us 

tpw Initial Program Pulse Width CE=VU, OE=VIH 0.95 1 1.05 ms 

topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms 

tOE OE to Output Valid CE=VIH - - 150 ns 

tDFP OE to Output in High-Z CE=VIH - - 130 ns 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 
• Input Pulse Rise and Fall Times IOns Max. 
• Input Pulse Levels 0.45V'\, 2 4V 
• Timing Measurement Reference Level Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value x. 
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TC57256AD-15 
TC57256AD-20 

TJt.lING WAVEFORMS (PROGRA."1) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

x K= 
~ - tAli 

tpw 

NtOPW V tCEH IV XXXy'~ 
----.... I 

tOES 

~ 
tDEP 

" I 
tDS tDH tOE 

00-07 1 DIN STABLE 
\. / DOUT VALID \. 
/ "- / 

VPP tV"PR 

I 

Vec tvcs PROGRAM PROGRAM VERIFY 
I 

Note: (1) Vee must be applied simultaneously with or before Vpp and cut off simultaneously with or after 

Vpp. 

(2) Removing the device from the socket or placing the device in the socket with Vpp=12.5V may 
cause permanent damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; voltages over 14V should 
not be applied to the Vpp terminal. When a switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of the pulse should not exceed 14V. 
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TC57256AD-15 
TC57256AD-20 

IERASURE CHARACTERISTICsl 
The TC57256AD's erasure is achieved by applying shortwave ultraviolet light with a wavelength of 2537 A (Angstroms) through 

the transparent window of the chip. 
The integrated dose (ultraviolet light intensity [w/cm2] X exposure time [sec.]) for erasure should be a minimum of 15 

[w· sec/cm2]. 
When the Toshiba GL-15 sterilizing lamp is used and the device is exposed at a distance ofl cm from the lamp surface, erasure will 

be achieved within 60 minutes. 
U sing a commercial lamp with an ultraviolet light intensity of 12000 [ILW/ cm2] reduces the exposure time to about 20 minutes. (In 

this case, the integrated dose is 12000 [lLw/cm2] X (20X60) [sec] ~ 15 [w· sec/cm2) .) 
The TC57256AD's erasure begins to occur when exposed to light with wavelengths shorter than 40ooA. Both sunlight and 

flourescent lamps include 3000-4000A wavelength components. Therefore when used under such lighting for extended periods of 
time, opaque seals-Toshiba EPROM Protect Seal AC901-are available 

IOPERATION INFORMATIONI 
The TC57256AD's six operation modes are listed in the follOwing table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 

~R) eE OE Vpp Vee 00 'V 07 
MODE (20) (22) (1) (28) (11 'V 13, 15 'V 19 

Read L L Data Out 
Read Operation 

Output Deselect * H 5V 5V High Impedance 
(Ta=-40'V 85°e) 

Standby H * High Impedance 

Program L H Data In 
Program Operation Program Inhibit H H 12.5V 6V High Impedance 
(Ta=25 ± 5°e) 

Verify Program * L Data Out 

I READ MODEl 

POWER 

Active 

Standby 

Active 

The TC57256AD has two control functions. The chip enable (CE) controls the operation power and should be used for device 
selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=OE=VIL, the output data is valid at the outputs after address access time from stabilizing of all addressess. 
The CE to output valid (tCE) time is equal to the address access time (tACc). 
Assuming th~t CE=VIL and all addresses are valid, the output data is valid at the outputs after tOE from the falling edge ofOE. 

~TPUT DESELECT MODEl 
With CE=VIHor OE=VIH, outputs will be in high impedance state so two or more TC57256AD's can be connected togetherona 

common bus line. 
When CE is decoded for device selection, all deselected devices are in low power standby mode. 
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ISTANDBY MODEl 

TC57256AO-15 
TC57256AO-20 

The TC57256AD has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC57256AD is placed in the stan~ mode which reduces the operating 

current to IOOIlA. The outputs are in a high impedence state, independent of the OE inputs. 

'PROGRAM MODEl 
Initially, when received by customers, all bits of the TC57256AD are in the "I" state, which is the erased state. 

The programming operation introduces "Os" data into the desired bit locations by electrical programming. _ 
The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low under OE=VIH· 
The TC57256AD can be programmed at any location, anytime, either individually, sequentially or randomly. 

'PROGRAM VERIFY MODEl 
The verify mode verifies that the desired data is correctly programmed on the programmed bits. 
The verify is accomplished with OE at VIL. 

'PROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+I2.5V) is applied to Vpp terminal, a high level CE input inhibits the 
TC57256AD from being programmed. 

Programming of two or more TC57256AD's in parallel with different data is easily accomplished: all inputs except for CE 
and OE are commonly connected, a TTL low level program pulse is applied to the CE of the desired device only, and TTL 
high level signals are applied to the other devices. 

IHIGH SPEED PROGRAMMING MODEl 

The program time can be greatly reduced by using this high speed programming mode. The device is set up in the high 
speed programming mode when the programming voltage (+I2.5V) is applied to the~p terminal with VCC=6V. 

The programming is achieved by applying a single TTL low level Ims pulse to the CE input after addresses and data are 
stable. The programmed data is then verified by using the Program Verify Mode. 

If the programmed data is not correct, another program pulse of Ims is applied and the programmed data is verified. This 
should be repeated until the programmed data is correct. (max. 25 times) 

After correctly programming the selected addresses, an additional program pulse with a width of 3 times more than that 
needed for initial programming is applied. 

When programming has been completed. Data in all addresses should be verified with V CC=Vpp=5V. 
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TC57256AD-15 
TC57256AD-20 

HIGH SPEED PROGRAM MODE FLOW.CHART 

ADDRESS = 

NEXT ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF Ims9c 
OR ONE PULSE OF 3X mS9C DURATION 

NO 

- 0-80 -



TC57256AD-15 
TC57256AD-20 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows a code to be read from the TC57256AD which identifies its manufacture 
and device type. 

The programming equipment may be used to read the manufacturer code and device code from the 
TC57256AD by using this mode before program operation, and automatically set program voltage (Vpp) and 
algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address lines are 
set to VIL in read operation. Data output under these conditions is the manufacturer code. Device code is 
identified when address AO is set to VIH. These two codes possess an odd parity with the parity bit of MSB 

(07)· 
The following table shows the electric signature of the TC57256AD. 

~ AO 07 06 05 04 03 02 01 00 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) 

Manufacture Code VIL 1 0 0 1 1 0 0 0 

Device Code VIR 1 1 0 0 0 1 0 0 

Notes: A9=12V±0.5V 

Al tV A8, A10 tV A14, CE, OE=VIL 
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TC57256AD-20 

OUTLINE DRAWINGS 

RO.64 

:37.7MAX. 

1 2 :3 4 5 6 7 8 9 W II ~ ~ li 

~ 
< 
== 
~ 
\I) 

I~~======~======~ 

2.54±0.25 1.3±0.25 

+0.15 
0.46-0.10 

Note 1 

Unit in nun 

I ~ 15.2 HO.' 

1 +0.15 

I 

0.25-0.10 

. 17.4MAX. 

~ 
I 

Note 2 

Note 1. Each lead pitch is 2.54nun. All leads are located within O.25nun 

of their true longitudinal position with respect No.1 and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 
65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 

TMM27512D-20,TMM27512D-200 
TMM27512D-25,TMM27512D-250 

DESCRIPTION 

The TMM27512D is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read memory. 

For read operation, the TMM27512D's access time is 
200ns/250ns. The TMM27512D operates from a single 5-
volt power supply and has a low power standby mode which 

FEATURES 

-200 -250 I 
5V±10% ! 

~~----~-------r------~-2-0-0--ns I 250ns I 

130mA 

35mA 40mA 

PIN CONNECTION (TOP VIEW) 

A15 vcc 
A12 A14 

A7 A13 
A6 AS 

A5 A9 

A4 All 
A3 OEVVpp 
A2 AIO 
Al CE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

reduces power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level 
signal to the CE input. For program operation, the pro
gramming is achieved by using the high speed prgramming 
mode. The TMM27512D is fabricated with N-channel 
silicon double layer gate MOS technology. 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with i27512 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 
Vpp GND Vee 00 01 (;2 CJ3 04 05 06 ()7 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 ARRAY A9 

AIO 60,536 x 8ni to 
All 
A12 
A13 
A14 
A15 

MODE SELECTION 

PIN NAMES 

Ao-A15 Address Inputs ~;: 
-- OE/ 0 0 -07 CE Vee 

MODE (20) 
Vpp (28) (11-13,15-19) 

POWER 
(22) 

0 0 -07 Outputs (Inputs) Read L L Data Out 
CE Chip Enable Input Active 

Output Deselect * H 5V High Impedance 
OE/Vpp Outpyprogram 

Enable Supply 

Input Voltage 

Standby H * High Impedance Standby 

Program L Vpp Data In 

Program Inhibit H Vpp 6V High Impedance Active 
Vee Power Supply Voltage (+ 5V) Program Verify L L Data Out 

GND Ground * H or L 
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TMM275120-20, TMM275120-200 
TMM275120-25, TMM27512D-250 

MAXIMUM ,RATINGS 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Po Power Dissipation 

ITEM 

TsoLoER Soldering Temperature· Time 

PSTG Storage Temperature 

TOPR Operating Temperature 

READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Tamperature 

Vee Vee Power Supply Voltage 

D. C. AND OPERATING CHARACTERISTICS 

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260·10 "C'sec 

-65-125 <C 

0-70 "C 

TMM27512D-20/25 TMM27512D-200/250 

0-70'C 0-70'C 
-

5V±5% 5V±10% ._-

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 pA 

ILO Output Leakage Current VouT=0.4-Vee - - ±10 pA 

-20/25 - - 35 
leel Supply Current (Standby) CE=VIH mA 

-200/250 - - 40 

-20/25 - - 120 
lee2 Supply Current (Active) CE=VIL mA 

-20/250 - - 130 

VIH Input High Voltage - 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400pA 2·.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 pA 
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A. C; CHARACTERISTICS 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25'C. f= 1 MHz) 

I SYMBOL PARAMETER 

PcINl 
Input Capacitance 

CIN2 OE/Vpp Input Capacitance 

I COUT Output Capacitance 

TMM275120-20, TMM275120-200 
TMM275120-25, TMM275120-250 

TMM27512D-20/200 TMM27512D-25/250 

MIN. 

-

-

-

0 

0 

0 

1 TIL Gate and CL= 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 

200 

200 

70 

60 

60 

-

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

I TEST CONDITION 

VIN=OV 

VIN=OV 

VOUT=OV 

MIN. MAX. 

- 250 

- 250 

- 100 

0 90 

0 90 

0 -

MIN. TYP. MAX. 

- 4 6 

- 50 60 

- 8 12 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

pF 

* This paramater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

tOE 

00- 07 HIGH Z DATA OUTPUTS 
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TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

PROGRAM OPERATION 

i O~ C.RECOMMENDEDOPERATINGCONOITI'ONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MIN. TYP. MAX. 

2.0 - Vee+1.0 

-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25-t5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage 10H= -400J.LA 2.4 - -

VOL Outpu Low Voltage IOL=2.1 mA - - 0.4 

Ice Vee Supply Current - - - 130 

IpP2 Vpp Supply Current Vpp= 13 .OV - - 50 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 

, A~ C. PROGRAMMIN(fCHARACTEFUSTICS: '(Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold Time 

tPRT OE/Vpp Pulse Rise Time 

tos Data Setup Time 

tOH Data Hold Time 

tVR OE/Vpp Recovery Time 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov Data Valid from CE 

tOF CE to Output in High-Z 
. 

A. C .. TEST-CONDITIONS·· 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-
--

-

CE=VIL. OE/Vpp=Vpp 

Note 1 

OE/VPP=VIL 

OE/VPP=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 0.8V and 2.0V. Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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MIN. TYP. MAX. 

2 - -

2 - -

2 - -

2 - -

50 - -

2 - -

2 - -

2 - -

2 - -

0.95 1 1.05 

2.85 3 78.75 

- - 1 

- - 130 

UNIT 

V 

V 

V 

V 

UNIT 

J.LA 

V 

V 

mA 

mA 

V 

UNIT 

J.Ls 

J.Ls 

J.Ls 

J.Ls 

J.Ls 

J.LS 

J.Ls 

J.Ls 

J.Ls 

ms 

ms 

J.Ls 

ns 



TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO -A15 x K= 
~ ~ I tVR tAH 

'" ~ V / 
tpRT tOES ~ 

OE/Vpp / \ 
tDS tDH tDV tDF 

I--

00 -07 / DIN STABLE \. J DOUT VALID 1\ 
\ / \ V 

tves 
Vee I PROGRAM PROGRAM VERIFY 

Note: (1) Vee must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 
(2) Removing the device from the socket and setting the device in the socket with Vpp=12.5V may cause permanent 

damage to the device. 
(3) The Vpp supply voltage is permitted up to 14V for program operation; Voltages over 14V should be 

applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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TMM275120-20, TMM275120-200 
TMM275120-25, TMM275120-250 

ERASURE CHARACTERISTICS 
The TMM27512D's erasure is achieved by applying 

shortwave ultraviolet light with a wavelength of 2537 A 
(Angstroms) through the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm2J X 
exposure time [sec.J) for erasure should be a minimum of 
15 [w· sec/cm2J. 

When the Toshiba GL-15 sterilizing lamp is used and the 
device is exposed at a distance of 1cm from the lamp 
surface, erasure will be achieved within 60 minutes. 

U sing a commercial lamp with an ultraviolet light inten-

OPERATION INFORMATION 

The TMM275120's six operation modes are list
ed in the following table. 

------ -"--. ". PIN NAMES(NUMBER) CE ---- --- .. 
""" MODE -- - . (20) 

Read L 
Read Operation 

Output Deselect * (Ta=0-70'C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5'C) -

Program Verify L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM27512D has two control functions. The chip 
enable (CE) controls the operation power and should be 
used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=VIL, the output data is valid at 
the outputs· after address access time from stabilizing of all 

OUTPUT DESELECT MODE 

With CE=Vrn or OE=Vrn, outputs will be in a high 
impedance state, so two or more TMM27512D's can be 

sity of 12000 [,uw/cm2J reduces the exposure time to about 
20 minutes. (In this case, the integrated dose is 12000 
[,uw/cm2J X (10X60) [secJ E:!! 15 [w· sec/cm2J .) 

The TMM27512D's erasure begins to occur when ex
posed to light with wavelengths shorter than 4000A. Sun
light and flourescent lamps both include 3000~4000A 
wavelength components. Therefore when used under such 
lighting for extended periods of time, opaque seals-Toshiba 
EPROM Protect Seal AC901-are available 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

OE/Vpp Vee 0 0 -07 

(22) (28) POWER 
(11-13,15-19) 

L Data Out Active 

H 5V High Impedance Active 

* High Impedance Standby 

Vpp Data In Active 

Vpp 6V High Impedance Active 

L Data Out Active 

addressess. 
The CE to output valid (tCE) is equal to the address 

access time (tACc). 
Assuming that CE=VIL, and all addresses are valid, the 

output data is valid at the outputs after tOE from the falling 
edge of OE. 

connected together on a common bus line. 
When CE is decoded for device selection, all deselected 

devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512D 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27512D are in the "I" state which is the erased state. 
The programming operation introduces "Os" data into the 
desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode verifies that desired data is correctly 
programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+I2.5V) is 
applied to Vpp terminal, a TTL high level CE input inhibits 
the TMM27512D from being programmed. 

Programming of two or more TMM27512D's in parallel 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this 
high speed programming mode. 

. This high speed programming mode is performed at 
V CC=6.0V and OE/Vpp=I2.5V 

The programming is achieved by applying a single TTL 
low level Ims pulse to the CE input. after addresses and 
data are stable. The programmed data is then verified by 
using the Program Verify Mode. 

If the programmed data is not correct, another program 

TMM275120-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

is placed in the standby mode which reduces 70% of the 
operating current. The outputs are in a high impedance 
state, independent of the OE inputs. 

The TMM27512D is in the programming mode when the 
OE/Vpp input is at 12.5V and CE is at TTL-Low level 

The TMM27512D can be programmed at any location, 
anytime, either individually, sequentially or at random. 

The verify is accomplished with OE/Vpp at VIL and at 
CE at VIL. 

with different data is easily accomplished: all inputs except 
for CE are commonly connected, a TTL Low level program 
pulse is applied to the CE of the desired device only, and 
TTL high level signals are applied to the other devices. 

pulse of Ims is applied and the programmed data is 
reverified. This should be repeated until the programmed 
data is correct. (max. 25 times) 

After correctly programming the selected address, an 
additional program pulse with width 3 times that needed for 
initial programming is applied. 

When programming has been completed, the data in all 
addresses should be verified with V CC=5V. 
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TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROORAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TMM27512D which identifies its manufacture and device 
type. 

The programming equipment may be used to read out the 
manufacturer code and device code from the TMM27512D 
by using. this mode before program operation and automa
tically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 

~ Ao 0 7 0 6 

.. 
Os 

SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 0 0 0 

Notes. A9-12V±O.5V 
Al-A8. Al0-A15.CE. OE=VIL 

TMM275120-20, TMM275120-200 
TMM275120-25, TMM275120-250 

address line A9 and the rest of address lines are set to VIL 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to VIR. These two codes possess an odd parity 
with the parity bit of MSB (07). 

The following table shows electric signature of the 
TMM27512D. 

O. 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) ( 11) DATA 

1 1 0 0 0 98 

1 0 1 0 1 15 
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TMM275120-20, TMM27512D-200 
TMM275120-25, TMM275120-250 

OUTLINE DRAWINGS 

RO.64 

1 

~ 
~ 
CIl 
.ri 

2.54± 0.25 

Note 1 

37.7 MAX. 

8.9 TYP. 

1.3± 0.25 

+0.15 
_++-....;0....;.4"-'6 - 0.1 ° 

15 

14 

Unit in mm 

lS.24± 0.3 

+0.15 
0.25- 0.10 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

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 a'ny time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 

DESCRIPTION 

The TMM27512DI is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. 

For read operation, the TMM27512DI's access time is 
200ns/250ns. The TMM27512DI operates from a single 5-
volt power supply and has a low power standby mode which 
reduces power dissipation without increasing access time. 

FEATURES 

-15 I -20 

Vee 5V±5% 

tAec 150ns I 200ns 

lee2 120mA 

leel 35mA 

PIN CONNECTION (TOP VIEW) 

A15 vcc 
A12 A14 

A7 A13 
A6 AS 
A5 A9 
A4 All 
A3 OE;/Vpp 
A2 A10 
Al CE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TMM27512DI~20 
TMM27512DI-25 

The standby mode is achieved by applying a TIL-high level 
signal to the CE input. 

For program operation, the programming is achieved by 
using the high speed prgramming mode. TMM27512DI is 
fabricated with N-channel silicon double layer gate MOS 
technology. 

• Wide operating temparature range -40-85°C 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TIL compatible 
• Pin compatible with i27512 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 
Vpp OND Vec 00 01 02 03 04 05 06 07 

CE 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS ARRAY 
A~ 

AIO 65,536 X Sbi ts 
All 
A12 
A13 
A14 
A15 

MODE SELECTION 

PIN NAMES 

~-A15 Address Inputs ~ CE OEI 
Vee 0 0 -07 

MODE . (20) 
Vpp (28) (11-13.15-19) 

POWER 
(22) 

0 0 -07 Outputs (Inputs) 

CE Chip Enable Input 

OE/Vpp OUIPUII Program 
Enable Supply 

Input Voltage 

Read L L Data Out 
Active 

Output Deselect * H 5V High Impedance 

Standby H * High Impedance Standby 

Program L Vpp Data In 

Program Inhibit H Vpp 6V High Impedance Active 
Vee Power Supply Voltage (+5V) Program Verify L L Data Out 

GND Ground * H or L 
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TMM27512DI-20 
TMM27512DI-25 

, IVIAXIiViuM RAT.INGS 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Po Power Dissipation 

ITEM 

TSOLOER Soldering Temperature· Time 

PSTG Storage Temperature 

TOPR Operating Temperature 

READ OPERAT.ION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Ta Operating Temperature 

Vee Vee Power Supply Voltage 

. D. C~ AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION 

III Input Current VIN=O-Vee 

ILO Output Leakage Current VOUT=O.4-Vee 

leel Supply Current (Standby) CE=VIH 

lce2 Supply Current (Active) CE=VIL 

VIH Input High Voltage -
VIL Input Low Voltage -

VOH Output High Voltage IOH=-400pA 

VOL Output Low Voltage IOL=2.1 mA 

IpPl Vpp Current Vpp=0-Vee+0.6 

- 0-94 -

RATING UNIT 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260· 10 ·C·sec 

-65-125 ·C 

-40-85 ·C 

TMM27512DI-20/25 

-40-85·C 

5V±5% 

MIN. TYP. MAX. UNIT 

- - ±10 pA 

- - ±10 pA 

- - 40 mA 

- - 130 mA 

2.2 - Vee+1.0 V 

-0.3 - 0.8 V 

2.4 - - V 

- - 0.4 V 

- - ±10 pA 



A. C. CHARACTERISTICS 

-
SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
o Timing Measurement Reference Level 

CAPACITANCE * (Ta=25'C. f= 1 MHz) 

SYMBOL PARAMETER 

CINl Input Capacitance 

CIN2 OE/Vpp Input Capacitance 

COUT Output Capacitance 

TMM27512DI-20 

MIN. 

-

-

-

0 

0 

0 

1 TIL Gate and CL= 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 

200 

200 

70 

60 

60 

-

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

TEST CONDITION 

VIN=OV 

VIN=OV 

VOUT=OV 

* This paramater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

tOE 

00- 07 HIGH Z DATA OUTPUTS 
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TMM27512DI-20 
TMM27512DI-25 

TMM27512DI-25 
UNIT 

MIN. MAX. 

- 250 ns 

- 250 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 - ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 50 60 pF 
--

- 8 12 pF 



TMM27512DI-20 
TMM27512DI-25 

PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MtN. TYP. MAX. 

2.2 - Vee+1.0 

-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -
VOL Outpu Lo,« Voltage IOL=2.1 mA - - 0.4 

lee Vee Supply Current - - - 130 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold Time 

tPRT OE/Vpp Pulse Rise Time 

tos Data Setup Time 

tOH Data Hold Time 

tVR OE/Vpp Recovery Time 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov . Data Valid from CE 

tOF CE to Output in High-Z 
~, 

A.C."'EST' c6NDITioNS~ 
• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
g Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-
-

CE=VIL. OE/Vpp=Vpp 

Note 1 

OE/VPP=VIL 

OE/VPP=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 

MIN. 

2 

2 

2 

2 

50 

2 

2 

2 

2 

0.95 

2.85 

-
-

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X. 
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TYP. MAX. 

- -

- -
- -
- -
- -
- -
- -
- -

- -

1 1.05 

3 78.75 

- 1 

- 130 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

J.ls 

ns 



TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO -A15 x 
~ I t~ 

1\ V ~ 
tpRT tOES 

~ 
OE/Vpp V \ 

tDS tDH 

00 -07 ) DIN STABLE 1\ 
'\ It 

tves 
Vee r PROGRAM 

I tVR 

/ 

tDV 

TMM27512DI-20 
TMM27512DI-25 

>C 
tAR 

~ 
) 

DOUT VALID r\ , V 

PROGRAM VERIFY 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V should be 

aplied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 

- 0-97 -



TMM27512DI-20 
TMM27512DI-25 

;'ERASI..fRlfcHARACTERISTICS 
The TMM27512DI's erasure is achieved by ap

plying shortwave. ultraviolet light which has a 
wavelegth of 2537 A (Angstroms) to the Chip through 
the transparent window. Then integrated dose 
(ultraviolet light intensity [W/cm2

] x exposure time 
[sec.] ) for erasure should be a minimum of 15 
[w"sec/cm2

] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERAii'o'N'INFOR'MATION 
The TMM27512DI's six operation modes are 

listed in the following table. 

ER) CE 
MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta= -40-85"C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5"C) 

Program Verify L 

Note: H; VIH, L; VIL, • ; VIH or VIL 

'READ-MODE 
The TMM27512DI has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selecti'on. 

Assuming that CE=OE=VIL, the output data' is 
valid at the outputs after address access time from 

;'M>(nitpU'T~DES'ELifcT"MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. 

So two or more TMM27512DI's can be con-

ultraviolet light intensity is a 12000 [jlw/cm2] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [jlw/cm2] 
X(10X60) [sec] ~15 [w"sec/cm 2 ] .) 

The TMM27512DI's erasure begins to occur 
when ~xposed to light with wavelength shorter than 
4000A. The sunlight a.nd the flourescent lamps will 
include 3000-4000A wevelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

OE/Vpp Vee 0 0 -07 POWER (22) (28) (11-13,15-19) 

L Data Out Active 

H 5V High Impedance Active 

* High Impedance Standby 

Vpp Data In Active 

Vpp 6V High Impedance Active 

L Data Out Active 

stabilizing of all addresses. 
The CE to output valid (tCE) is equal to address 

access time (tACC). 
Assuming that CE=VIL and all addresses are 

valid, the output data is valid at the outputs after tOE 
from the 'falling edge of OE. 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512DI has a low power standby 
mode controlled by the CE signal. 

By applying a high level to the CE input, the 
TMM27512DI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27512DI are in the U 1 H state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27512DI from being pro
grammed. 

Programming of two or more TMM27512DI's is 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

This high speed programing mode is performed at 
Vee=6.0V and OE /Vpp=12.5V 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

TMM27512DI-20 
TMM27512DI-25 

reduce 70% of the operating current by applying TTL
high level (Vee) and then the outputs are in a high 
impedance state, independent of the OE inputs. 

The TMM27512DI is in the programming mode 
when the OE/Vpp input is at 12. 5V and CE is at TTL
Low level. 

The TMM27512DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 

The verify is accomplished with OE/Vpp at VIL and 
CE at VIL. 

parallel with different data is easily accomplished. 
That is, all inputs except for CE may be commonly 
connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 

program pulse of 1 ms is applied and then the pro
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 3 
times that needed for initial programming is applied. 

When programming has been completd, the data 
in all addresses should be verified with Vec= 5V. 
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TMM2~512DI·20 
TMM27512DI·25 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF lmsec 
oR" ONE PULSE OF ~.~ msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM27512DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man
ufacturer code and device code from TMM27512DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor
ithm. 

Electric Signature mode is set up when 1 2V is 

Ao 0 7 0 6 05 ~S SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 0 0 0 

Notes: A9 = 12V±0. 5V 
Al-A8, A1O-A15,CE, OE=VIL 

TMM27512DI-20 
TMM27512DI-25 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM27512DI. 

O. 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 98 

1 0 1 0 1 15 
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TMM27512DI-20 
TMM27512DI-25 

OUTLINE DRAWINGS 

RO.64 

1 

>< 
~ 
N 
II;i 

2.54:l: 0.25 

Note 1 

37.7 MAX. 

1.3± 0.25 

+0.15 
0.46- 0.10 

15 

Unit in mIll 

15.24 ± 0.3 

+0.15 
0.25- 0.10 

17.4 MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

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. 

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
1 MEGA BIT (131 ,072 WORD X 8 BIT) 
SILICON STACKED GATE MOS 
CMOS U.V. Erasable & Electrically 
Programmable Read Only Memory 

IOESCRIPTIONj 

TC5710000-20, TC571 0000-25 
TC571 0010-20, TC571 0010-25 

The TC57l000D/TC57l00lD is a 131,072 word x 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC57l000D is JEDEC standard pin configuration and the TC57l00lD is compatible with 
28 pin It-! bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 

TC57l000D/TC57l00lD is fabricated with the CMOS technology. Advanced circuit techniques 
provide both high speed and low power features with a maximum operating current of 30mA/ 
5.0MHz and access time of 200ns/250ns. 

The programming times of the TC57l000D/TC57l00lD except overhead times of EPROM program
mer is only 14 seconds by using the high speed programming algorithm. 

I FEATURESI 

• Peripheral circuit: CMOS 

Memory cell N-MOS 

• Fast access Time 

TC57l000D-20/TC57l00lD-20: 200ns 

TC57l000D-25/TC57l00lD-25: 250ns 

• Low power dissipation 

Active : 30mA/5.0MHz 

Standby: 100~A (Ta=85°C) 

• Single 5V power supply 

IPIN CONNECTION/ (TOP VIEW) 

vec 
A16 PGM OE 
A15 NC A15 
A12 Al4 A12 

A7 A13 A7 
A6 AS A6 
A5 A9 A5 
A4 All A4 
A3 OE A3 
A2 A10 A2 
Al CE Al 
AO D7 AO 
DO D6 DO 
Dl D5 Dl 
D2 D4 D2 

GND D3 GND 

TC57l000D TC57l00lD 

vec 
Fern 
NC 
A14 
A13 
AS 
A9 
All 
A16 
A10 
CEr 
D7 
D6 
D5 
D4 
D3 

• Hide operating temperature range: -40'" 85°C 

• Full static operation 

• High speed programming operation: tpH O.lms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC57l000D 

• 1M MROM compatible TC57l00lD 

• Standard 32 pin DIP cerdip package 

A7 
A6 
A5 

A2 

AO 
DO 
Dl 
D2 

GND 

(Reference) 

vcc 
A14 
A13 
AS 
A9 
All 
A16 
A10 
CE 
D7 
D6 
D5 
D4 
D3 

1M Mask ROM 
(rC53l000P ) 
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I PIN NAr·1ES I 
AO'" A16 Address Inputs 

DO'" D7 Outputs (Inputs) 

CE Chip Enable 
Input 

or Output Enable 
Input 

PGM 
Program Control 

Input 

Vce VCC Supply 
Voltage 

Vpp Program Supply 
Voltage 

GND Ground 
NC No Connection 



TC5710000-20, TC571 0000-25 
TC571 0010-20, TC571 0010-25 

IBLOCK DIAGRAMI 

Vpp GND Vec 00 01 02 03 04 05 06 07 

OE _r----'--...J.,..-......I............, 
CE 

PGM ~~..,.-----r--' 

AO 
Al 
A2 
A3 
At., 

AS 
A6 
A7 
AS 
A9 

A10 
All 
A12 
A13 
A14 
A1S 
A16 

Ir~ODE SELECTIONi 

~ HODE 

Read 

Output Deselect 

Standby 
Program 

Program Inhibit 

Program Verify 

PGH eE 

H L 

* * 
* H 

L L 

* H 

H L 

H L 

* : H or L· 

IMAXIMUM RATINGSI 
SYHBOL 

OE 

L 

H 

* 
* 
oJ. 

H 

L 

ITEM 

Vpp 

5V 

l2.7SV 

Vee Vee Power Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

ARRAY 

131,072 X 8 bite 

Vee 00 'V 07 

Data Out 

SV lHigh Impedance 

f.iigh Impedance 
Data In 

6.25V 
f.iigh Impedance 

lHigh Impedance 

!Data Out 

RATING 

-0.6 'V 7.0 

-0.6 'V 14.0 

-0.6 'V 7.0 
-0.6 'V Vec+O. 5 

1.5 
TSOLDER Soldering Temperature Time 260 • 10 

TSTRG Storage Temperature -65 'V 125 

TOPR Operating Temperature -40 'V 85 

- 0-104-

POWER 

Active 

Standbv 

Active 

UNIT 

V 

V 

V 

V 
W 

°eosec 

°e 

°c 



TC5710000-20, TC5710000-25 
TC571 0010-20, TC571 0010-25 

IREAD OPERATIONI 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+0 . 3 

VIL Input Low Voltage -0.3 - 0.8 V 
VCC VCC Power Supply Voltage 4.75 5.00 5.25 
Vpp VPP Power Supply Voltage VCC-O .6 VCC VCC+0.6 

D.C. and OPERATING CHARACTERISTICS (Ta=-40 ~85°C, Vcc=5V±5%) 

SYMBOL PARAHETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current :!: 10 

ICC01 

ICC02 
Operating Current 

CE=OV I f=5.0Mllz - - 30 
~-------+----~----~--~ 

Iout=OrnA J f=lMHz - - 10 
rnA 

ICCSl rnA 

ICCS2 
Standby Current CE=VCC-0.2V - - 100 

Output High Voltage IOH=-400].JA 2.4 V 

Output Low Voltage IOL=2.lmA 0.4 v 
VPP Current Vpp=VCC±O.6V ±10 

Output Leakage Current VOUT=0.4V ~ VCC 10 

A.C. CHARACTERISTICS (Ta=-40 ~85°C, Vcc=5V±5%, Vp~=Vcc±0.6V) 
-

TC571000D-20/TC57l001D-20 TC57l000D-25/TC57l00lD-25 
UNIT SnIDOL PARAMETER MIN. t-fAX. HIN. HAX. 

tACC Address Access Time - 200 - 250 

tCE CE to Output Valid - 200 - 250 

tOE OE to Output Valid - 70 - 100 

tpGH PGM to Output Valid - 70 - 100 ns 

tDFl CE to Output in High-Z 0 60 0 90 

tDF2 OE to Output in High-Z 0 60 0 90 

tDF3 PGM to Output in High-Z 0 60 0 90 
tOH Output Data Hold Time 0 - 0 -

A.C. TEST CONDITIONS 

Output Load I TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Times 10ns Max. 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 

- 0-105-



TC5710000-20, TC5710000-25 
TC5710010-20, TC5710010-25 

CAPACITANCE * (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TEST CONDITION MIN. 

VIN=OV -
VOUT=OV -

* This parameter is periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 

HIGH Z 
00-07 ------------------(, DATA OUTPUTS 

- 0-106-

TYP. MAX. UNIT 

4 8 

10 12 
pF 



IHIGH SPEED PROGRAM OPERATION I 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

Vnl Input High Voltage 

VIL Input Low Vo ltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. 

2.2 

-0.3 

6.00 

12.50 

TC5710000-20, TC5710000-25 
TC5710010-20, TC571001 0-25 

TIP. MAX. UNIT 

- VCC+l.O 

- 0.8 
V 

6.25 6.50 

12.75 13.00 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C t Vcc=f.25±Q.25V t Vpp=12.75±0.25V) 

SYl'lBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O IV VCC - - flO \.lA 

VOH Output High Voltage IOH=-400\.lA 2.4 - - V 
VOL Output Low Voltage IOL=2.1rnA - - 0.4 V 

ICC VCC Supply Current - - - 30 rnA 

IpP2 VPP Supply Current Vpp=13 .OV - - 50 rnA 

VID A9 Auto Sele~t Voltage - 11.5 12.0 12.5 V 

A.C. PROGRAM~'ING CHARACTERISTICS (Ta=25±5°C t VCC=6.25±0.25V t Vpp=12.75±0.25V) 

SYl'lBOL PARAMETER TEST CONDITION MIN. TYP. HAX. UNIT 

tAS Address Setup Time - 2 - - \.ls 

tAH Address Hold Time - 2 - - \.lS 

tCES CE Setup Time - 2 - - J.!S 

tCEH CE Hold Time - 2 - - \.lS 

tDs Data Setup Time - 2 - - \.lS 

tDH Data Hold Time - 2 - - \.lS 

tvs VPP Setup Time - 2 - - \.lS 

tP~-1 Program Pulse Width - 0.095 0.1 0.105 ms 

tOE OE to Output Valid - - - 100 ns 

tDF2 D'E" to Output in High-Z CE=VIL - - 90 ns 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (IOOpF) 

• Input Pulse Rise and Fall Time IOns Hax. 

• Input Pulse Levels 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 

- 0-107-



TC57100oo-2o, TC5710000-25 
TC571001 0-20, TC571001 0-25 

HIGH SPEED PROGRAr~ OPERATION 

TIMING CHART 

AO-A16 

teEs 

00-07 UNENOWN 

Vpp tvs 

tDF2 

DIN STABLE DOUT VALID 

Note: 1. VCC must be applied simultaneously or before Vpp and cut off simul

taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 

Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to l4V for program operation, 

so the voltage over l4V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 

overshoot voltage of its pulse should not be exceeded l4V. 
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IERASURE CHARACTERISTICS I 

TC5710000-20, TC5710000-25 
TC571 0010-20, TC571 0010-25 

The TC57l000D/571001D's erasure is achieved by applying shortwave ultraviolet light 

which has a wavelength of 2537A (Angstroms) to the chip through the transparent 

window. Then integrated dose (Ultraviolet light intensity [W/cm2] x exposure time 

[ sec.]) for erasure should be a minimum of 15 [W. sec/ cm 2] . 

wben the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis

tance of 1 cm from the lamp surface, the erasure will be achieved within 60 minutes~ 

And using commercial lamps whose ultraviolet light intensity is a 12000 [~W/cm2] 

will reduce the exposure time to about 20 minutes. (In this case, the integrated 

dose is 12000 [~W/cm2] x (20 x 60) [sec] == 15 [W· sec/cm2].) 

The TC571000D/TC571001D's erasure begins to occur when exposed to light with. 

wavelength shorter than 4000A. The sunlight and the f10urescent lamps will include 

300~~000A wavelength components. Therefore when used under such lighting for 

extended periods of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - are 

available. 

IOPERATION INFORMATIONI 

The TC571000D/TC571001D's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

------ PGM CE OE Vpp VCC 00,,-,07 POWER 

READ Read H L L Data Out 

OPERATION 5V 5V High 
Active 

Output Deselect * * H Impedance 

(Ta=-4 0"-'85 ° C) Standby * H * High Impedance Standby 

Program L L * Data In 
PROGRAM 
OPERATION * H * High Impedance 

Program Inhibit 12.75V 6.25V Active 
H L H High Impedance 

(Ta=25±5°C) 
Program Verify H L L Data Out 

,- 0-109-



TC5710000-20, TC5710000-25 
TC5710010-20, TC571001 0-25 

I READ ~1ODE I 
The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 

independent of device selection. 

Assuming in that CE=OE=VIL and PGM=VIH, the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (tACC)' 

Assuming that -CE=VIL, PGM=VIH and all addresses are valid, the output data is valid 

at the outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addresses are valid, the output data is valid 

at the outputs after tpGM from the rising edge of PGM. 

IOUTPUT DESELECT MODEl 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 

standby mode. 

ISTANDBY ~10DEI 
The TC57l000D/TC571001D has a low powee standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC571000D/TC57100lD is placed in the 

standby mode which reduce the operating current to IOO~A by applying MOS-high level 

(VCC) and then the outputs are in a high impedance state, independent of the OE 

inputs. 

I PROGRAt·1 MODEl 

Initially, when received by customers, al~ bits of the TC571000D/TC571001D are in 

the "1" state which is erased state. 

Threrefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC57l001D can be 

programmed any location at anytime --either individually, sequentially, or at 

random. 
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IPROGRAM VERIFY MODEl 

TC5710000-20, TC571 0000-25 
TC571 0010-20, TC571 0010-25 

The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at VIL and PGM at VIR' 

IPROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+12.75V) is applied to VPP terminal, 

a high level CE or PGM input inhibits the TC571000D/TC571001D from being programmed. 

Programming of two or more EPROMS in parallel with different data is easily 

accomplished. That is, all inputs except for CE or PG~1 may be commonly connected, 

and a TTL low level program pulse is applied to the CE and PGM of the desired 

device only and TTL high level signal is applied to the other devices. 

IHIGH SPEED PROGRAM OPERATIONI 

The device is set up in the high speed programming mode when the programming voltage 

(+12.75V) is applied to the VPP terminal with VCC=6.25V and PGM=VIR' 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of O.lms is applied and 

then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with VCC=Vpp=5V. 

- 0-111 -



TC5710000-20, TC571 0000-25 
TC5710010-20, TC5710010-25 

HIGH SPEED PROGRAr~ OPERATION 

FLOW CHART 

NG 
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IELECTRIC SIGNATURE MODEl 

TC5710000-20, TC571 0000-25 
TC571 001 0-20, TC571001 0-25 

Electric signatu~e mode allows to read out a code from TCs71000D/TCs71001D which 

identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TCs71000D/TCs71001D by using this mode before program operation and automatically 

set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data output in this con

ditions is manufacturer code. Device code is identified when address AO is set 

to VIH. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TCs71000D/TCs71001D. 

SIGNATURE AO °7 

Hanufacture Code VIL 1 

TCs71000D 1 
Device Code VIH 

TCs71001D 0 

Notes: A9=12V±0.sV 

A1 tv A8, A10 tv A16, CE, OE=VIL 

PGM=VIH 

°6 °5 

0 0 

0 0 

0 0 

- 0-113-

°4 °3 °2 °1 °0 
HEX. 
DATA 

1 1 0 ° 0 98 

0 0 1 1 0 86 

0 0 1 1 1 07 



TG5710000-20, TG5710000-25 
TG571 001 0-20, TG571 0010-25 

IOUTLINE DRAWINGsl 

1 

Unit in mm 

~I 

16 

Note 1. Each lead pitch is 2.54mm. All leads are located within O.25mm 

of their true longitudinal position with respect NO.1 and No.32 

leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro
gramming II Algorithm. 

APPLICABLE DEVICES 

Device Name 

EPROM One Time PROM 

TMM2764AD/ADI TMM2464AP/AF 
TMM27128AD/ADI TMM24128AP/AF 
TMM27256AD/ADI TMM24256AP/AF 
TC57256AD TC54256AP/AF 
TMM27512D/DI TMM24512P 
TC571000D TC541000P 
TC571001D TC541001P 

IDENTIFICATION MODE 

TOSHIBA 

The High Speed Programming I Algorithm uses 
1 ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1 ms programming pulse and the flow chart is 
shown in Figure 2. 

Theoretical Programming Time 

I II 

33 sec 0.8 sec 
66 sec 1.7 sec 

131 sec 3.3 sec 
131 sec 3.3 sec 
262 sec 7.0 sec 

N/A 14 sec 

N/A 14 sec 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 
Set A9=12V±0.5V, A¢=ViL, Other Addresses=ViL 
Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 
Set A9=12V±0.5V, A¢=ViH, Other Addresses=ViL. 
Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 

Device Name 

EPROM One Time PROM Manufacture Code 

TMM2764AD/ADI TMM2464AP/AF 98 
TMM27128AD/ADI TMM24128AP/AF 98 
TMM27256AD/ADI TM M 24256AP / AF 98 
TC57256AD TC54256AP/AF 98 
TMM27512D/DI TMM24512P 98 
TC571000D TC541000P 98 
TC571001D TC541001P 98 

- E-3 -

Signature 

Device Code 

52 
D3 
54 
C4 
15 
86 
07 



TOSHIBA 

Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 

* : v pp=OV for 512KEPROM 

during verification 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 

during verification 

Vcc=6.2SV±O.2SV 
V ... =12.7S±O.2SV 

ADRESS=START 
ADDRESS 

Vcc=SV 
Vpp=SV 
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TOSHIBA 
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NG 
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TOSHIBA MOS MEMORY PRODUCT 
TMM2464AP/AF 8,192 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM2464APjAF is a 8,192 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. 

The TMM2464APjAF's access time is 200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 

FEATURES 

o Single 5 volt power supply 
-Fast access time: 200ns (Max.) 
o Power dissipation 1 OOmA(active current) Max. 

: 30mA(standby current) Max. 

o Low power standby mode: CE 
o Output buffer control OE 
o Full static operation 

PIN CONNECTION (TOP VIEW) 

Vpp vcc 
A12 PGM 

N.C. 

A6 A8 
A9 

All 

A3 DE 
A2 AIO 

Al CE 

AD 07 

00 06 

01 05 

02 04 

TMM2464AP/AF 

The electrical characteristics and programming 
method are the same as U. V. EPROM TMM-
2764AD's. 

Once programed, the TMM2464APjAF can not 
be erased because of using plastic DIP without 
transparent window. 

• High speed programming mode 
• Three state outputs 
o Inputs and outputs TTL compatible 
oCompatible with TMM2764AD and ROM 

TMM2365P, TC5365P. 
028 PIN standard plastic package: TMM2464AP 
.28 PIN flat package TMM2464AF 

BLOCK DIAGRAM 

OE 
CB 

OND Vee 

POM~ __ ~ ______ ~~ 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

AID 
All 
A12 

DBCODEH 

00 01 0203 04 05 06 07 

03 iVlODE SELECTION 

PIN NAMES 
"-~ PIN PGM CE OE Vpp Vce 0 0 -07 POWER MO~, (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
Ao-AI2 Address Inputs 

0 0 -0 7 Outputs (Inputs) 
Output 

Active 

* * H 5V 5V High Impedance 
Deselect 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

N.C. No Connection 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

GND Ground 

Standby * H * High Impedance Standby 

Program L L * Data In 

Program * H * High Impedance 
12.5V 6V Active 

Inhibit H L H High Impedance 

Program 
H L L Data Out 

Verify 

* H or L 
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1M M2464AP I AF 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature· Time 260·10 ·C·sec 

TSTRG Storage Temperature -55-150 'C 

TOPR. Operating Temperature 0-70 'C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+ 1.0 

VIL Input Low Voltage -0.3 - 0.8 
V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 

VPP VPP Power Supply Voltage 2.2 Vee Vee+0.6 

D. C. and OPERATING CHARACTERISTICS (Ta=0-70'C, Vee=5V±5%, Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION Mlf\! I TYP. MAX. UNIT 

III Input Current VIN=O-Vee - . - ±10 JiA 
-----1>--

Icel Supply Current (Standby) CE=VIH - - 30 mA 

lce2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400JiA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6V - - ±10 JiA 

ILO Output Leakage Current VouT=0.4V-Vee - - ±10 JiA L 
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TM M2464AP I AF 

A. C. CHARACTERISTICS (Ta=0-70C. Vcc=5V±5%. Vrr=2.0V-Vee+0.6V. Unless otherwise noted) 

SYMBOL PARAMETER 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOI1 Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TTL Gate and CL= 100pF 
10ns Max. 

0.45V to 2,4V 

MIN. 

-
-

-

-

0 

0 

0 

0 

• Timing Measurement Reference Level Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25'C. f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOlJT=OV 

* This parameter is periodically sampled and is not 100% tested. 

Trr~ING WAVEFORMS 

AO-A12 

00-07 
HIGH Z 

- E-9 -

MAX. UNIT 

200 ns 

200 ns 

70 ns 

70 ns 

60 ns 

60 ns 

60 ns 

- ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 8 12 pF 



1M M2464AP I AF 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. 

VIH Input High Voltage 2.0 - Vee+ 1.0 

VII Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp VPI' Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5"C. Vee=6V±0.25V. Vpp= 12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±1O 

VOH Output High Voltage IOH= -400pA 2.4 - -

VOL Output Low Voltage IOL=2.1mA - - 0.4 

Icc Vee Supply Current - - - 100 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5 C. Vce=6V±0.25V. VI'P= 12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teES CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw . Program Pulse Width 

toP.w Additional Program Pulse Width 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 

-

CE=VIL 

1 TTL Gate and Cd 1 OOpF) 
10ns Max. 
0.45V to 2.4V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

-

-

Input 0.8V and 2.0V. Output 0.8V and 2.0V 

Note: 1. topw depend on the program pulse width which is reguired in the initial program. 

- E-10 -

TYP. MAX. 

- -

- -

- -

- -

- -

.- -

- -

1.0 1.05 

3.0 78.75 

- 100 

- 90 

UNIT 

V 

V 

V' 

V 

UNIT 

pA 

V 

V 

mA 

mA 

UNIT 

pS 

pS 

pS 

pS 

pS 

pS 

pS 

ms 

ms 

ns 

ns 



TMM2464AP/AF 

TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 1 2. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation. so the voltage over 14V should not be 

applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal. the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TM M2464AP I AF 

OPERATION INFORMATION 

The TMM2464APjAF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by apply"ing TIL level signal to all inputs. In 

R) PGM CE 
MODE (27) (20) 

Read H L 
Read Operation 

Output Deselect * * (Ta=0-70·C) 
Standby H * 
Program L L 

Program 
H * Operation Program Inhibit 

H L 
(Ta=25±5·C) 

Program Verify H L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM2464APjAF has three control func
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outpus after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. So two or more 
TMM2464APjAF can be connected together on a 

. ' STANDBY'MODE 

The TMM2464APjAF has a low power standby 
mode controlled by the CE signal. By applying a TIL 
high level to the CE input, the TMM2464APjAF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2464APjAF from being 
programmed. Programming of two or more 
TMM2464APjAF in parallel with different data is 

OE 

the read operation mode,·a single 5V power supply 
is required and the levels required for all inputs are 
TIL. 

Vpp Vee 0 0 -07 

(22) (1) (28) (11-13,15-19) 
POWER 

L 

H 

* 
* 
* 
H 

L 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACC). 

Assuming that CE=VIL, PGM=VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE= OE =VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode . 

ating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TIL low 
level program pulse is applied to the CE and PGM of 
the desired device only and TIL high level signal is 
applied to the other devices. 
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HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc= 6V and 
PGM =VIH. The programming is achieved by apply
ing a single TIL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then program-

ELECTRI~ SIGNATURE M,oDE 

Electric signature mode allows to read out a code 
from TMM2464AP/AF which identifies its manufac
turer and device type. 

The programming equipment may read out man
ufacturer code and device code from TM M2464AP / 
AF by using this mode before program operation and 
automatically set program voltage (Vpp) and algor
ithm. 

Electric signature mode is set up when 12V is 

NS Ao 0 7 

SIGNATURE (10) (19) 

Manufacture Code VIL 1 

Device Code VIH 0 

Notes: A9= 12V±0. 5V 
Al-A8, Al0-A12, IT, OE=VIL PGM=VIH 

0 6 

(18) 

0 

1 

TMM2464AP/AF 

med data is verified. This should be repeated until the 
program operates correc~ly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of· 
TMM2464AP/AF 

05 O. 0 3 O2 0 1 0 0 HEX 

(17) (16) (15) (13) (12) (11) DATA 

0 1 1 0 0 0 98 

0 1 0 0 1 0 52 
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1M M2464AP I AF 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 
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OUTLINE DRAWINGS (TMM2464AP) 

28 

~ 1 

N 3S.oMAX .r:i 

0.5±0.lS 

1.4 ± O.lS 

15 

J 
14 

2.S4±0.25 

TM M2464AP I AF 

Unit 

lS24± 0.25 

+ 0.1 II 0.25_ 0.05 

in mrn 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal positson with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 
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TMM2464AP I AF 

OUTLINE DRAWINGS (TMM2464AF) 

28 15 

14 

I I 

~ 

~. 

~ 
o 
ai 

~. 

rl 
ci 
+i 
rl 
ci 

Unit in nun 

~ ~~~1l._±O'3 -J 
.1 I.'~ ±04 

Note: Lead pitch is 1 .27 and tolerance IS ±O. 12 against theoretical center of each lead that IS obtained on the basIs of 
No.1 and No. 28 leads. 

Note: Toshiba does n~t 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. 

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
TMM24128AP / AF 16,384 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

TheTMM24128AP/AF isa 16,384word X 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. TMM24128AP/AF's 
access time is 200ns, and has low power standby 
mode which reduces the power dissipation without 

FEATURES 

• Single 5 volt power supply 
• Fast access time : 200ns(Max.) 
• Power dissipation: 100mA(active current) Max. 

30mA(standby current) Max. 
• Low power standby mode: CE 
• Output buffer control : OE 
• Full static operation 
• High speed programming mode 

PIN CONNECTION 

VI'P 1 
A12 

A7 

A6 

A5 

AO 
00 

01 
02 

Vee 
PGM 
A13 
AS 
A9 
All 
OR 
AIO 
eE 
07 

06 

05 
04 

TM M24128AP / AF 

increasing access time. The electrical characteristics 
and programming method are the same as U. V. 
EPROM TMM27128AD's. Once programed, the 
TMM24128AP/AF can not be erased because of 
using plastic DIP without transparent window. 

• Single location programming 
• Three state outputs 
.Inputs and outputs TIL compatible 
.Compatible with TMM27128AD and MASK ROM 

TMM23128P 
.28 PIN standard plastic package: TMM24128AP 
.28 PIN flat package TMM24128AF 

BLOCK DIAGRAM 

00 01020304, 05 06 07 

AO 
Al 
A2 
A3 
A4, 
A5 
A6 
A7 
AS 
A9 

A10 
All 
Al2 
A13 

03 
MODE SELECTION 

PIN NAMES ~ PGM CE DE Vpp Vee 0 0 -07 POWER 
MOD (27) (20) (22) (1) (28) (11-13.15-19) 

Read H L L Data Out 
Active 

Ao-AI3 Address Inputs 

0 0 -07 Outputs (Inputs) 

Output 

* * H 5V 5V High Impedance 
Deselect 

CE Chip Enable Input Standby * H * High Impedance Standby 

OE Output Enable Input Program L L * Data In 

PGM Program Control Input Program * H * High Impedance 
12.5V 6V Active 

Vpp Program Supply Voltage Inhibit H L H High Impedance 

Vee Vee Supply Voltage (+ 5V) Program 
H L L Data Out 

GND Ground Venfy 

* H or L 
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TMM24128AP/AF 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature' Time 260·10 ·C·sec 

TSTRG. Storage Temperature -55-150 'C 

TOPR. Operating Temperature 0-70 'C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vee Vee+0.6 V 

D. C. and OPERATING CHARACTERISTICS (Ta=0-70'C, Vee=5V±5%, Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 j.tA 

leel Supply Current (Standby) CE=VIH - - 30 mA 

lee2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400j.tA 2.4 - - V 

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0--Vce+0.6V - - ±10 j.tA 
-. 

ILO Output Leakage Current VouT=O.4V-Vce - - ±10 j.tA 

- E-18 -



1M M24128AP I AF 

A. C. CHARACTERISTICS (Ta=0-70"C. Vcc=5V±5%. Vpp=2.0V-Vcc+0.6V. Unless otherwise noted) 

SYMBOL PARAMETER 

tAce Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TTL Gate and CL= 100pF 
10ns Max. 
0.45V to 2.4V 

MIN. 

-

-

-

-

0 

0 

0 

0 

• Timing Measurement Reference Level Inputs O.8V and 2.0V. Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25°C. f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

* This parameter IS periodically sampled and IS not 100% tested. 

TIMING WAVEFORMS 

AO-A13 

tpGM 

PGM 

HIGH Z 
DATA OUTPUTS 

- E-19 -

MAX. UNIT 

200 ns 

200 ns 

70 ns 

70 ns 

60 ns 

60 ns 

60 ns 

- ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 8 12 pF 

HIGH Z 



TMM24128AP/AF 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. 

VIH Input High Voltage 2.0 - Vee+ 1.0 

Vil Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp VF'P Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -
r---' 

VOl Output Low Voltage IOL=2.1mA - - 0.4 

Icc Vee Supply Current - - - 100 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0. 25V. Vpp= 12. 5V±0. 5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-
-
-

-
-
-

-
-

----. 
Note 1 

.. -
-

CE=VIL 

1 TIL Gate and Cdl OOpF) 
10ns Max. 

0.45V to 2.4V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

-
-

Input 0.8V and 2.0V. Output 0.8V and 2.0V 

Note: 1. topw depend on the program pulse width which is reguired in the initial program. 

- E-20 -

TYP. MAX. 

- -

- -

- -
- -

- -
- -
- -

1.0 1.05 

3.0 78.75 

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

ns 

ns 



TIMING WAVEFORMS (HIGH SPEED PROGMAM) 

Vpp 
tvs 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

1M M24128AP I AF 

t 

DIN STABLE 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. . 
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TMM24128AP/AF 

OPERATION INFORMATION 

The TMM24128AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TIL level signal to all inputs. 

~) PGM CE 
MODE (27) (20) 

Read H L 
Read Operation 

Output Deselect * * (Ta=0-70"C) 
Standby H * 
Program L L 

Program 

* H 
Operation Program Inhibit 
(Ta=25±5"C) H L 

Program Verify H L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM24128AP/AF has three control func
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VLL and PGM=VIH, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE =VIH or OE =VIH, the outputs 
will be in a high impedance state. So two or more 
TMM24128AP/AF can be connected together on a 

STANDBY MODE 

The TMM24128AP/AF has a low power standby 
mode controlled by the CE signal. By applying TIL 
high level to the CE input, the TMM24128AP/AF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM24128AP/AF from be
ing programmed. Programming of two or more 
TMM24128AP/AF in parallel with different data is 

OE 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TIL. 

Vpp Vee 0 0 -07 

(22) (1) (28) (11-13,15-19) 
POWER 

L 

H 

* 
* 
* 
H 

L 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (tcE) is equal to the address 
access time (tACC). 

Assuming that CE=VLL, PGM=VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 

ating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TIL low 
level program pulse is applied to the CE and PGM of 
the desired device only and TIL high level signal is 
applied to the other devices. 
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HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc=6V and 
PGM=VIH. The programming is achieved byapply
ing a single TIL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro-

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24128AP/AF which identifies its manu
facturer and device type. 

The programming equipment may read out man
ufacturer code and device code from 
TMM24128AP/AF by using this mode before pro
gram operation and automatically set program volt
age (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

NS Ao 0 7 

SIGNATURE (10) (19) 

Manufacture Code VIL 1 

Device Code VIH 1 

Notes: A9 = 12V±0. 5V 
A1-A8. A10-A13. CEo OE=VIL PGM=VIH 

0 6 

(18) 

0 

1 

TMM24128AP I AF 

grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address. one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed. the 
data in all addresses should be verified with Vcc=VPP 
=5V. 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24128AP/AF. 

05 0 4 0 3 Oz 0, 0 0 HEX. 

(17) (16) (15) (13) (12) (11) DATA 

0 1 1 0 0 0 98 

0 1 0 0 1 1 03 
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TMM24128AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 
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TMM24128AP/AF 

OUTLINE DRAWINGS (TMM24128AP) 

28 15 

J Unit in rum 

~ 1 14 15.24± 0.25 
N 38.0MAX 

U 
.r,; 

z 0.5±0.15 2.54±U.25 II 0.2 5~ g:~5 
H 
::;; 1.4±0.15 
~ 0-15° t') 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 
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TMM24128AP/AF 

OUTLINE DRAWINGS (TMM24128AF) 

28 15 

14 

I I 

~ 

ox' 
~ 
o en 

~. 

rl 
ci 
-Ii 
rl 
ci 

Unit in mm 

Note: Lead picth is 1.27 and tolerance is±O. 12 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 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. 

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
TMM24256AP / AF 32,763 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM24256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic Package. 

The TMM24256AP/AF's access time is 200ns 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 

FEATURES 

• Fast access time: 200ns 
• Low power dissipation 

Active : 100mA 
Standby: 30mA 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 

PIN CONNECTION 

Vpp 
A12 

A5 

Al 
AO 
00 
01 
02 

TM M24256AP / AF 

The electrical characteristics and programming 
method are the same as U. V. EPROM 
TMM27256AD's. 

Once programed, the TMM24128AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 

.Inputs and outputs TIL compatible 
• Pin compatible with ROM TC53257P, 

TMM23256P, EPROM TMM27256D/AD and 
TC57256D 

• Standard28 pin DIP plastic package: TMM24256AP 
• Plastic Flat Package TMM24256AF 

BLOCK DIAGRAM 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 

AS 
A9 

AlD 
All 
Al2 
A13 
Al4 

GND 

Vcc 
A14 
A13 
AS 
A9 

All 

OE 
A10 
CE 
07 

06 
05 

04 
03 MODE SELECTION 

~ CE OE Vpp Vee 0 0 -07 POWER 
MODE (20) (22) (1) (28) (11-13,15-19) 

Read L L Data Out 

PIN NAMES 
Active 

Output 

* H 5V 5V High Impedance 
Deselect 

Ao-Au Address Inputs Standby H * High Impedance Standby 
0 0 -07 Outputs (Inputs) Program L H Data In 

Program 
H H 12.5\ 6V High Impedance Active 

Inhibit 

CE Chip Enable Input 

OE Output Enable Input 

Program 

* L Data Out 
Verify 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

GND Ground * H or L 
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TC54256AP/AF 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TsoLoER Soldering Temperature' Time 260·10 ·C·sec 

TSTG. Storage Temperature -55-150 'C 

TOPR. Operating Temperature 0-70 'C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vee Vee+0.6 V 

Do C. and OPERATING CHARACTERISTICS (Ta=0-70·C. Vee=5V±5%~) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J.lA 

Icel I Supply Current (Standby) CE=VIH - - 30 mA 

lee2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400J.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpPl VPP Current Vpp=0-Vee+0.6V - - ±10 J.lA 

ILO Output Leakage Current VOUT=O.4V-Vee - - ±10 J.lA 

E-28 



1M M24256AP I AF 

A. C. CHARACTERISTICS (Ta=0-70'C. Vee=5V±5%. Vpp=2.0V-Vee+0.6V) 

SYMBOL PARAMETER 

lAce Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 

TEST CONDITION 

CE=OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 

CE=VIL 

CE=OE=VIL 

1 TIL Gate and CL= 100pF 
10ns Max. 
0.45V to 2.4V 

MIN. 

-

-

-

0 

0 

0 

• Timing Measurement Reference Level Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25'C. f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AD-AI 4 

tOE 

HIGH Z 
O()-{)7 DATA OUTPUTS 
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MAX. UNIT 

200 ns 

200 ns 

70 ns 

60 ns 

60 ns 

- ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- 8 12 pF 

HIGH Z 



TM M24256AP lAF 

High speed PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. 

VIH Input High Voltage 2.0 - Vee+ 1.0 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -

VOL Output Low Voltage IOL=2.1 mA - - 0.4 

Icc Vee Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

VIO A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5·C. Vee=6V±0.25V. Vpp= 12. 5V±0. 5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tOES OE Setup Time 

tos Data Setup Time 

tOH Data Hold Time 

tvps Vpp Setup Time 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tOE OE to Output Valid 

tOFP OE to Output in High~Z 
--.. -. 
A. C. TEST CONDITIONS 

o Output Load 
o Input Pulse Rise and Fall Times 
o Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

-

CE=VIL. OE=VIH 

Note 1 

CE=VIH 

CE=VIH 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.45V to 2.4V-

MIN. 

2 

2 

0 

0 

2 

2 

2 

2 

2 

0.95 

2.85 

-

-

Input 0.8V and 2.0V. Output 0.8V and 2.0V 

TYP. 

-
--.--

--

--
--
-

-

-

-

-

-

1.0 

3.0 

-

-

Note The length of the overprogram pulse may very as a fumction of the counter value X. 
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MAX. 

-

-
---- ---

-
-

-

-

-

-

-

1.05 

78.75 

150 

130 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 
--

J.ls 

J.ls 

ns 

ns 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

ns 

ns 



TM M24256AP I AF 

TIMING WAVEFORMS(PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO-14 x: ~K= 
~ ~ 

tAH -
I I 

r\ L ~AXXXXXX xxxX~ 
topw teEH '(X~~ ~ 

tOES tDFP n 
\~ 

tDS tDH tOE 

00-07 
7 STABLE -~ 7'-

DOUT VALID ~-\ DIN 
-,~ ~ ... .-

VPP tvps 
I 

Vee 
tves PROGRAM PROGRAM VERIFY 

I 

Note: 1. Vec must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation. so the voltage over 14V should not be 

applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal. the overshoot voltage of its pulse should not 
be exceeded 14V. . 
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TMM24256AP/AF 

OPERATION INFORMATION 

The TMM24256AP/AF's six operation modes are 
listed in the following table. Mode selection can be 

ER) CE 
MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta=0-70·C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5·C) 

Program Verify'- * 
Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM24256AP/AF has two control func
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming the CE=OE=VIL, the output data is 
valid at the outputs after ·address access time from 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. So two or more 
TMM24256AP/AF's can be connected together on a 

STANDBY MODE 

The TMM24256AP/AF has a low power standby 
mode controlled by the CE signal. By applying a high 
level to the CE input, the TMM24256AP/AF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM ·INHIBITMODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a TIL high level CE 
input inhibits the TMM24256AP/AF from being 
programmed. 

Programming of two or more TMM24256AP/ 
AF's in parallel with different data is easily accom-

OE 
(22) 

L 

H 

* 
H 

H 

L 

achieved by applying TIL level signal to all inputs. 

Vpp Vee 0 0-07 POWER (1) (28) (11-13,15-19) 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12.5V 6V High Impedance Active 

Data Out Active 

stabilizing of all addresses. 
The CE to output valid (tCE) is equal to the address 

access ti me (tACC). 
Assuming that CE=VIL and all addresses are 

valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

common bus line. 
When CE is decoded for Jevice selection, all 

deselected devices are in low power standby mode. 

ating current to 30mA from 1 OOmA (about 70% 
reduction) and then the outputs are in a high 
impedance state, independent of the OE inputs. 

The verify is accomplished with OE at VIL and CE at 
VIH or VIL. 

plished. That is, all inputs except for CE and OE may 
be commonly connected, and a TIL low level pro
gram pulse is applied to the CE of the desired device 
only and TIL high level signal is applied to the other 
devices. 
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HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc= 6V. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the CE input after addresses 
and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro-

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24256AP/AF which identifies its manu
facturer and device type. 

The programming equipment may read out man
ufacturer code and device code from 
TMM24256AP/AF by using this mode before pro
gram operation and automatically set program volt
age (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 

~S Ao. 0 7 

SIGNATURE (10) (19) 

Manufacture Code VIL 1 

Device Code VIH 0 

Notes: A9= 12V±0.5V 
Al-A8, Al0-A14, CE, OE=VIL 

0 6 

(18) 

0 

1 

TMM24256AP I AF 

grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24256AP/AF. 

Os O. 0 3 O2 0 1 0 0 HEX. 

(17) (16) (15) (13) (12) (11 ) DATA 

0 1 1 0 0 0 98 

0 1 0 1 0 0 54 
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TMM24256AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROORAM 3X PULSES OF' lIDsec 
OR ONE PULSE OF' 3X IDsec DURATION 

NO 
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TM M24256AP I AF 

OUTLINE DRAWINGS (TMM24256AP) 

Unit in rnm 

~ 
;::;; 
~ 
..;j4 

~ 

1 2 3 4 5 6 7 9 10 11 12 13 14 

~~" . 

37.4 MAX • 

+0.1 
0.25 - 0.05 

0.5±0.15 z· 17.4MAX. 
H 

2.54±O.2b 1.4.tO.15 '"' N 
t? 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 
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TMM24256AP/AF· 

OUTLINE DRAWINGS (TMM24256AF) 

28 15 

14 

I I 

~ 

:><' 

~ 
o 
oi 

~. 
It) 

N 

~ 

o 
H 
~ 

o 

Unit in mrn 

Note: Lead picth is 1.27 and tolerance is±O.12 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 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. 

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
TC54256AP/AF 

IDESCRIPTION/ 

32.768 WORD x 8 BIT COMS ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 

The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only -memory, 
and molded in a 28 pin plastic package. The TC54256AP/AF's access time is 200ns and 
has low power standby mode which reduces the power dissipation without increasing 
access time. The electrical characteristics and programming method are the same as 
U.V. EPROM TC57256AD's. Once programed, the TC54256AP/AF can not be erased because 
of using plastic DIP without transparent window. 

IFEATURES/ 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 
Active: 40mA/6.7MHz 
Standby: 100).lA 

• Fast access time: 200ns 
• Single 5V power supply 
• Full static operation 

• Inputs and outputs TTL compatible 
• Pin compatible with ROM TC53257P, TMM23256P, 

EPROM TMM27256D/AD, TC57256D/AD, One time PROM 
TMM24256P/AP and TC54256P 

• Standard 28 pin DIP plastic package: TC54256AP 
• Plastic Flat Package TC54256AF 

• High speed programming mode IBLOCK DIAGRAMI 

IPIN CONNECTIONI (TOP VIEH) 

Vpp 1 Vee 
A12 A14 

A7 A13 
A6 A8 
A5 A9 
A4 All 
A3 ern 
A2 A10 

Al eE 
AO 07 
00 06 
01 as 
02 04 

GND 03 

IPIN NM1ESI 

AO '" A14 Address Inputs 
00", 07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 
Program Supply VPP Voltage 
VCC Supply Voltage 

VCC (+5V) 
GND Ground 

Vpp GND vee 00 01 02 03 04 05 06 07 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
All 
A12 
A13 
A14U"""" ... -----· 

IMODE SELECTIONI 

~ CE OE 
MODE (20) (22) 
Read L L 
Output Deselect * H 
Standby H * 
Program L H 
Program Inhibit H H 

Program Verify * L 

*: H or L 

- E-37 -

32,768 x 8 Oi ts 

Vpp VCC 00'" 07 POWER 
(1) (28) (11'" 13,15'" 19) 

Data Out 
Active 

5V 5V High Impedance 
High Impedance Standby 
Data In 

12.5V 6V High Impedance Active 

Data Out 



TC54256AP/AF 

t1AXIMUt·1 RATINGS 

SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6'V 7.0 V 

Vpp Program Supply Voltage -0.6'V 14.0 V 

VIN Input Voltage -0.6'V 7.0 V 

VI/O Input/Output Voltage -0.6 'V VCc+O.5 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260 • 10 °c • sec 

TSTRG Storage Temperature -65 'V 125 °c 

TOPR Operating Temperature -40 'V 85 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCc+O·3 

VIL Input Low Voltage -0.3 - 0.8 
V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 

Vpp .vpp Power Supply Voltage VCC-0.6 VCC VCc+O·6 

D.C. and OPERATING CHARACTERISTICS (Ta--40'V 85°C, VCC=5V+5%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=OV 'V VCC - - ±10 ~A 

ICC01 f=6.7MHz - - 40 
Operating Current CE=OV rnA 

ICC02 f=lMHz - - 10 

ICCS1 CE=VIH - - 1 rnA 

ICCS2 
Standby Current 

CE=VCC-0.2V 100 - - ~A 

VOH Output High Voltage IOH=-400~A 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IpP1 Vpp Current Vpp=VCC±0.6V - - ±10 ~A 

ILO Output Leakage Current VOUT=0.4V 'V VCC - - ±10 ~A 
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A.C. CHARACTERISTICS (Ta=-40 rv 85°C, VCC=5V±5%, Vpp=VCC±0.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDFl CE to Output in High-Z 

tDF2 em- to Output in High-Z 

tOH Output Data in Hold Time 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TEST CONDITION MIN. 

CE=OE=VIL -
OE=VIL -
CE"=VIL -
OE=VIL 0 

CE=VIL 0 

CE=QE=VIL 0 

1 TTL Gate and CL=lOOpF 

IOns Max. 

0.45Vrv2.4V 

TC54256AP/AF 

MAX. UNIT 

200 

200 

70 
ns 

60 

60 

-

• Timing Measurement Reference Level ~nputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CrN Input Capacitance VINcOV - 4 6 

COUT VOUT-OV 8 12 
pF 

Output Capacitance -
* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORHS (READ) 

00-07 DATA OUTPUTS HIGH Z ' 
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TC54256AP/AF 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.2 - VCC+1.0 
VIL Input Low Voltage -0.3 - 0.8 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±O.25V, Vpp=12.5V±O.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O'V VCC - - ±10 

VOH Output High Voltage IOH=-400uA 2.4 - -
VOL Output Low Voltage IOL=2.1mA - - 0.4 : 

ICC VCC Supply Current - - - 40 
IpP2 VPP Supply Current Vpp=13.0V - - 50 
VID A9 Auto Select Voltage - 11.5 12.0 12.5 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±0.25V, Vpp=12.5V±0.5V) 
SYMBOL PARAMETER 

tAS Address Setup Time 
tAR Address Hold Time 
tCES CE Setup Time 
tCEH CE Hold Time 

tOES OE Setup Time 

tDS Data Setup Time 

tDH Data Hold Time 
tvps VPP Setup Time 

tvcs VCC Setup Time 
tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tOE OE to Output Valid 
t DFP OE to Output in High-Z 

A.C. TEST CONDITIONS 
• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 

TEST CONDITION MIN. 

- 2 

- 2 

- 0 

- 0 

- 2 

- 2 

- 2 
- 2 

- 2 

CE=VIL, OE-VIH 0.95 
Note 1 2.85 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (100pF) 
10ns Max. 
0.45V'V2.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -

1 1.05 

3 78.75 

- 150 

- 130 

UNIT 

V 

UNIT 
UA 

V 

V 

mA 

mA 

V 

UNIT 

US 

US 
ns 
ns 

US 

US 

US 
US 

US 

ms 

ms 

ns 

ns 

• Timing Measurement Reference Level Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC54256AP/AF 

TIf.lING WAVEFORMS (PROGRAM) 

(Vee=6V±O.25V, Vpp=12.5V±O.5V) 

AO-H x K= 
~~ l.tAH 

toPW V tCEH I ·XXY'Y~ -
~ tDFP 

\ 
too tDH tOE 

00-07 ~ DIN STABLE 1\ ) 
DOUT VALID I\c 

If \ 1/ 

VPP tvps 
I 

J 

Vee tves PROGRAM PROGRAM VERIFY 
I 

Note 1. Vee must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 

with Vpp=l2.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to l4V for program operation. 

So the voltage over l4V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 

overshoot voltage of its pulse should not be exceeded l4V. 
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TC54256AP/AF. 

\OPERATION INFORMATIONI 

The TC54256AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 

~R) , CE OE ·Vpp VCC 00'\0 07 POWER 
MODE (20) (22) (1) (28) (11'\013, 15'\0 19) 

Read L L Data Out 
Read Operation Active 
(Ta=-40'\o 8:) 'C) Outpu·t Deselect * H 5V 5V High Impedance 

Standby H * High Impedance Standby 

Program Operation 
Program L H Data In 

(Ta=25±5°C) Program Inhibit H H 12·.SV 6V High Impedance Active 

Program Verify * L Data Out 

IREAD MODE\ 

The TC54256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 
The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=QE=VIL, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 
The CE to output valid (tCE) is equal to the address access time (tACC). 
Assuming that CE=VIL and all addresses are valid, the output data is valid at the 
outputs after tOE from the falling edge 'Jf OE. 

\OUTPUT DESELECT MODE\ 

Assuming that CE-VIH or OE=VIH, the outputs will be in a high impedance state. 
So two or more TC54256AP/AF's can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

\STANDBY ~1ODEI 
The TC54256AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC54256AP/AF is placed in the standby 
mode which reduce the operating current to 10~A by applying MOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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TC54256AP/AF 

PROGRAM MODE 
Initially, when received by customers, all bits of the TC54256AP/AF are in 

the "1" state which is erased state. 
Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 
The TC54256AP/AF is in the programming mode when the Vpp input is at l2.5V and CE is 
at TTL-Low level under OE=VIR' 
The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 
The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 
The verify is accomplished with OE at VIL and CE at VIR or VIL' 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+12.5V) is applied to Vpp 

terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Prog~amming of two or more TC54256AP/AF's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 
The program time can be greatly decreased by using this high speed programming 

mode. The device is set up in the high speed programming mode when the programming 
voltage (+12.5V) is applied to the Vpp terminal with VCC=6V. 
The programming is achieved by applying a single TTL low level lms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 
If the programmed data is not correct, another program pulse of lms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 
After correctly programming the selected address, the additional program pulse with 
width of 3 times more than that needed for initial programming is applied. 
Wh~n programming has been completed, the data in all addresses should be verified 
with VCCa Vpp-5V. 
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T~54256AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS -
NEXT ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF lmsee 
OR ONE PULSE OF 3X maee DURATION 

NO 
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TC54256AP/AF 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 

identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC54256AP/AF by using this mode before program operation and automatically set

program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data output in this 

conditions is manufacturer code. Device code is identified when address AO is 

set to VIH. These two codes possess an odd parity with the parity bit of MSB 

(07). The following table shows electric signature of TC54256AP/AF. 

~ AO 07 06 05 04 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 1 1 0 0 0 1 0 0 C4 

Notes: A9-12V±0.SV 

A1"-A8, A10"-A14, CE, OE-VIL 
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TC54256AP/AF 

OUTLINE DRAWINGS (TC54256AP) 

Unit in mm 

1 l4. 
~ 
< 
::Ii 15.24.:t 0.2 5 
CIl 
III 

, 
I 

" u II + 0.1 :z: 0.5:t 0.15 2.54.:t 0.2 5 0.25 - 0.0 5 
...... 
::Ii 
.~ 

1.4. :to.15 0-15" 
t') 

Note 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of 

their true longitudinal position with respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TC54256AP/AF 

OUTLINE DRAWINGS (TC54256AF) 

28 15 Unit in mm 

><" 
~ 
q 
01 

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoretical 

center of each lead that is obtained on the basis of No.1 and 

No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
TMM24512P/F 

IOESCR! PTIONI 

TMM24512P/F 65,536 WORD x 8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 

The TMM245l2P/F is a 65,536 word )( 8 bit one time programmable read only memory, 

and molded in a 28 pin plastic package. The TMM245l2P/F's access time is 2S0ns, and 

has low power standby mode which reduces the power dissipation without increasing 

access time. The electrical characteristics and programming method are the same as 

U.V. EPROM TMM275l2D's. Once programed, the TMM245l2P/F can not be erased because of 

using plastic DIP without transparent window. 

IFEATURESI 

• Fast access time: 2S0ns 

• Low power dissipation 

Active : l20mA 
Standby: 3SmA 

Single SV power supply 

\PIN CONNECTIONI (TOP VIEW) 

A5 

AO 
00 
01 
02 

OND 

\PIN NAf.1ESI 

~o "'Al5 Address Inputs 
00"'07 Outputs (Inputs) 

~ Chip Enable Input 

OutPu~ 
O'E/Vpp Enable Program 

In ut Supply 
p Voltage 

Vee Power Supply 
Voltage (+5V) 

GND Ground 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
·,Pin compatible with TMM275l2D 
• Standard 28 pin DIP plastic package: 
• Plastic Flat Package 

TMM245l2P 
TMM24Sl2F 

\BLOCK DIAGRAM I Vpp OND vee 

IMOOE SELECTION\ 

~ 
cr: ~/vpp Vee 00 "'07 POWER 

MODE 1/20) (22) (28) (11",13,lS"'19) 
Read L L Data Out 
Output Deselect * H 5V High Impedance Active 

Standby H * High Impedance Standby 

Program L Vpp Data In 

Program Inhibit H Vpp 6V High Impedance Active 
Program Verify L L Data Out 

'" H or L 
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MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6"'7.0 V 

VPP Program Supply Voltage -0.6'" 14.0 V 

VIN Input Voltage -0.6"'7.0 V 

VI/O Input/Output Voltage -0.6", 7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature 260 • 10 °C·sec 

TSTG Storage Temperature -55", 150 °c 

TOPR Operating Temperature 0'" 70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCC+1.0 

VIL Input low Voltage -0.3 - 0.8 V 

Vec VCC Power Supply Voltage 4.75 5.00 5.25 

D.C. and OPERATING CHARACTERISTICS (Ta-O '" 70°C, VCC-5V±5%) 

SYMBOL PARAMETER CONDITION MIN. TYP. HAX. UNIT 

ILl Input Current VIW"0 '" VCC - - ±10 IJA 

ICCI Supply Current (Standby) eE-VIH - - 35 mA 

ICC2 Supply Current (Active) cr-VIL - - 120 mA 

VOH Output High Voltage IOH--400IJA 2.4 - - V 

VOL Output Low Voltage IOL-2.lmA - - 0.4 V 

IpPI VPP Current Vpp-O '" VCc+O.6V - - ±10 IJA 

ILO Output Leakage Current VoUT""0.4V '\I VCC - - ±10 IJA 
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A.C. CHARACTERISTICS (Ta-O'" 70°C, VCC-5V±5%. Vpp-2.0V'" Vcc-H>.6V) 

SYMBOL PARAMETER 
t ACC Address Access Time 

tCE rr to Output Valid 

tOE OE to Output Valid 

tDFl CE to Output in High-Z 

tDF2 <m" to Output in High-Z 

tOH Output Data in Hold Time 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TEST CONDITION MIN. 

CE"-O!-VIL 

OE-VIL 

eE-VIL 

O!-VIL 

CE-VIL 

Cf-6E-VIL 

1 TTL Gate and CL-lOOpF 

IOns Max. 

0.45V'" 2.4V 

-
-
-
0 

0 

0 

TMM24512P/F 

TYP. UNIT 

250 

250 

100 
ns 

90 

90 

-

• Timing Measurement Reference Level: Inputs O.BV and 2.0V, Outputs O.BV an~ 2.0V 

CAPACITANCE * (Ta-25°C, f-lMHz) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CINl Input Capacitance VIN-OV - 4 6 

CIN2 OE/Vpp Input Capacitance VIN-OV - 50 60 pF 

COUT Output Capacitance VOUT-OV - 8 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO-Al~ 

teE 

00-07 HIGH Z 
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TMM24512P/F 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VIa Input High Voltage. 2.0 - VCC+l.O 
VrL Input Low Voltage -0.3 - 0.8 
VCC VCC Power Supply Voltage 5.75 6.0 6.25 

V 

VPP Vpp Power Supply Voltage 12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta-25+5°C, Vcc-6V+0.25V, Vpp-12.5V+0.5V) - - -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN-O "'VCC - - ±lO IJA 
VOH Output High Voltage IOH--4OO\.lA 2.4 - - V 

VOL Output Low Voltage IOL-2.lmA - - 0.4 V 

ICC VCC Supply Current - - - 130 mA 
IpP2 Vpp Supply Current Vpp-13.0V - - 50 mA 

VrD A9 Auto Select Voltage - 11.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta-25±5°C, Vcc-6V±0.25V, Vpp-12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - IJS 
tAH Address Hold Time - 2 - - IJS 
tOES 6E/Vpp Setup Time - 2 - - \.IS 

tOEH OE/Vpp Hold Time - 2 - - \.IS 

tpRT OE/Vpp Pulse Rise Time - 50 - - IlS 
tDS Data Setup Time - 2 - - \.IS 

tDH Data Hold Time - 2 - - \.IS 

tVR Ol/vpP Recovery Time - 2 - - IlS 

tvcs VCC Setup Time - 2 - - \.Is 
tpw Initial Program Pulse Width CE-VIL, i5t:/Vpp-Vpp 0.95 1 1.05 ms 
topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms 
tDV Data Valid from CE O!/VPP-VIL - - 1 \.IS 

tDF ~ to Output in High-Z QE/VpP-VIL - - 130 ns 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 
• Input Pulse Rise and Fall Times IOns Max. 
• Input Pulse Levels 0.45V"-2.4V 
• Timing Measurement Referenc'e Level Input O.8V and 2.0V. Output O.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TMM24512P/F 

TIMING WAVEFORMS (PROGRAM) 

(VCC·6V±O.25V, Vpp.12.5V±O.5V) 

OE';/Vpp 

tDV 

00-07 

PROGRAM PROGRAM VERIFY 
Vee 

tves 

Note 1. VCC must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 

with Vpp-12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to l4V for program operation. 

So the voltage over l4V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal. 

the overshoot voltage of its pulse should not be exceeded l4V. 
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TMM24512P/F 

OPERATION INFORMATION 

The TMM245l2P/F's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

CE Q[/Vpp VCC 00""07 POWER 
MODE (20) (22) (28) (11 "" 13, 15"" 19) 

Read L L Data Out 
Read Operation Active 

Output Deselect * . H 5V High Impedance 
(Ta-O"" 70 D C) 

Standby H * High ImpeAance Standby 

Program L Vpp Data In 
Program Operation 

Program Inhibit H Vpp 6V High Impedance Active 
(Ta-25±5 D C) 

Program Verify L L Data Out 

Note: H; VIH, L; VIL, *; VIH or VIL 

READ MODE 

The THM245l2P/F has two control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. The output enable (OE) con

trol the output buffers, independent of device selection. Assuming the CE-5E-VIL, the 

output data is valid at the outputs after address access time from stabilizing of all 

addresses. The ~ to output valid (tCE) is equal to the address access time (tACC). 

Assuming that CE-VIL and all addresses are v __ id, the output data is valid at the 

outputs after tOE from the falling edge of CE. 

OUTPUT DESELECT MODE 

Assuming that C!-VIH or ~-VIH' the outputs will be in a high impedance state. 

So two or more TMH245l2P/F's can be connected together on a common bus line. When ~ 

is decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM245l2P/F has a low power standby mode controlled by the C! signal. By 

applying a high level to the ~ input, the TMM245l2P/F is placed in the standby mode 

which reduce the operating current to 35mA from l20mA (about 70% reduction) by applyin! 

MOS-high level (VCC) and then the outputs are in a high impedance state, independent 

of the O! inputs. 
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TMM24512P/F 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM245l2P/F are in the 

"1" state which is erased state. Therefore the program operation is to introduce "0" 

data into the desired bit locations by electrically programming. The TMM245l2P/F is 

in the programming mode when the ~/Vpp input is at l2.5V and CE is at TTL-Low level. 

The TMM24512P/F can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY ~10DE 

The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with CE at VIL and OE/Vpp at VIL. 

PROGRru4 INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, 

a TTL high level C£ input inhibits the TMM245l2P/F from being programmed. Programming 

of two or more TMM245l2P/F's in parallel with different data is easily accomplished. 

That is, all inputs except for ~ and DE may be commonly connected, and a TTL Low 

level program pulse is applied to the C! of the desired. device only and TTL high level 

signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 

mode. The device is set up in the high speed programming mode when the programming 

voltage (+12.5V) is applied to the Vpp terminal with VCC-6V. The programming is 

achieved by applying a single TTL low level lms pulse to the C! input after addresses 

and data are stable. Then the programmed data is verified by using Program Verify 

Mode. If the programmed data is not correct, another program pulse of lms is applied 

and then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). After correctly programming the selected ad

dress, the additional program pulse with width equal to that needed for initial 

programming is applied. When programming has been completed, the data in all ad

dresses should be verified with VCC-5V. 
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TMM24512P/F 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec 

NO 
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TMM24512P/F 

ELECTRIC SIGNATURE ~100E 

Electric signature mode allows to read out a code from TMM245l2P/F which iden

tifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM245l2P/F by using this mode before program operation and automatically set program 

voltage (Vpp) and algorithm. 

Electric Signature mode is set up when l2V is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data output in this condi

tions is manufacturer code. Device code is identified when address AO is set to VIH' 

These two codes possess an odd parity with the parity bit of MSB (07). 

The follo~ng table shows electric signature of TMM245l2P/F. 

~ 
AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIR 0 0 0 1 0 1 0 1 15 

Notes: A9-l2V±0.5V 

Al '" A8,. AlO '" A15, ~, QfaVIL 
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TMM24512P/F 

OUTLINE DRAlHNGS (TMM24512P) 

28 15 

] 
Unit· in mm 

14. 

30DMAX ~ ~ I au .0.2' 

M-H--I~r-1'1'""'t"1~.,...,..n.M _______ ~ iH----H 
U +0.1 II 0.25 - 0.0 5 

1.4,zO.15 

Note 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of 

their true longitudinal position with respect No.1 and No.2S leads. 

2. This va1ue·is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TMM24512P/F 

OUTLINE DRAWINGS (TMM245l2F) 

28 l~ 

Unit in mm 

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.2S leads. 
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TOSHIBA MOS MEMORY PRODUCT 
256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE MOS 

DESCRIPTION 

The TC53257P/F is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cnst, this being suitable for use in program 
memory of microprocessor, and in character gener
ator. The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat-

FEATURES 

• Single 5V Power Supply 
o Access Time: 200ns(Max.) 
• Power Dissipation 

Operating Current : 25mA(Max.) 
Standby Current : 20,uA(Max.) 

• Pin Compatible with 256K EPROM TC57256D 
o Full Static Operation 

PIN CONNECTION (TOP VIEW) 

NC 

A5 

A4 
A3 
A2 

AO 

DI 

D2 
GND 

VDD 
AI4 
AI3 
A8 
A9 
All 

AlO 
cr/CE 
D7 

D6 
D5 
D4 

D3 

PIN NAMES 

Ao-A14 Address Inputs 

00-07 O?ta Outputs 

NC No connection 

CE/CE Chip enable input 

OE Output enable input 

Voo Power supply 

GNO Ground 

tery operation is required. 

TC53257P 
TC53257F 

The TC53257P/F has one programmable chip 
enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 

• Programmable Chip Enable 
o All Inputs and Outputs: TIL Compatible 
o Three State Outputs 
• Package 

Plastic DIP TC53257P 
Plastic FP TC53257F 

. BLOCK DIAGRAM 

VDD GND 

r 1 DO D 1 D2 D3 D4 D5 D6 D7 

AO 
Al 

A2 

A3 

A4 

A5 

A6 

A9 

AlO 

All 
AI2 

AI3 

A14 

32.768X8 
MEMORY CELLS 
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TC53257P 
TC53257F 

MAXIMUM RATINGS 

SYMBOL 

Voo Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation 

TSTG Sto'rage Temperature 

TOPR Operating Temperature 

ITEM 

TsoLoER Soldering Temperature· Time 

Note: * Plastic FP 

D. C. OPERATING CONDITINS 

SYMBOL PARAMETER 

(Ta= -40-85'C) 

Voo Power Supply Voltage 

RATING 

-0.5-7.0 

-0.5-7.0 

O-Voo 

1.0 '0.6· 

-55-150 

-40-85 

260·10 

MIN. TYP. MAX. 

4.5 5.0 5.5 

YIH Input High Voltage 2.2 - Voo+0.3 

VIL Input Low Voltage -0.3 - 0.8 

D. C. and OPERATING CHARACTERISTICS (Ta=-40-85·C. Voo=5V±10%) 

SYMBOL PARAMETER CONDITIONS MIN. 

ilL Input Leakage Current VIN=OV-Voo -

lLo Output Leakage Current 
CE=VIH or OE=VIH -
VOUT=OV-VOO 

IOH Output High Current VOH=2.4V -1.0 

10L Output Low Current VOL=0.4V 3.2 

10051 Standby Current CE=VIH CE=VIL -

10052 Standby Current CE=Voo-0.2V. CE=0.2V -

10001 VIH=VIH VIL. tcycu=200ns -
Operating Current 

10002 VIN=Voo-O.2V/O.2V. tcycu=200ns -

CAPACI"ANCE 

SYMBOL PARAMETER CONDITIONS MIN. 

CIN Input Capacitance f= 1 MHz. Ta=25'C -

COUT Output Capacitance f= 1 MHz. Ta=25'C -

Note: This parameter is periodically sampled and is not 100% tested. 
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UNITS 

V 

V 

V 

W 

'C 

'C 

·C·sec 

UNIT 

V 

V 

V 

MAX. UNIT 

±1.0 J.lA 

±5.0 J.lA 

- mA 

- mA 

2 mA 

20 J.lA 

40 mA 

25 mA 

MAX. UNIT 

8 pF 

10 pF 



SYMBOL PARAMETER 

teye Cycle Time 

tAee Access Time 

teE Chip Enable Access Time from CE/CE 

tOE Output Enable Access Time from OE 

teED. tOED Output Disable Time from CE/CE. OE 

tOH Output Hold Time 

A. C. TEST CONDITIONS 
Output Load 
Input Levels 

100pF+1TIL 
0.6V.2.4V 

Timing Measurement Reference Levels 

Input Rise and Fa" Time 

TIMING WAVEFORMS 

AO-A14 

crCE 

Input: o.av. 2.2V 
Output: o.av. 2.2V 

5ns 

~ 

tCYC 

Valid 

tACC 

) 
tCE 

\ 

CE 

cr' 

1-- fQE 

OPERATION MODE H : VIH. L: VIL. * . VIHor VIL 

MODE CE(CE) OE 

Read L(H) L 

L(H) H 
Output Deselect 

H(U * 
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MIN. 

200 

-
-
-
0 

0 

) 

) 
tCED 
I--

J 
tOH tOED 

f---- ~ 

~ 
~ 

Valid 'Vy 

AO-.14 Outputs 

Valid Data out 

* High-Z 

* 

TC53257P 
TC53257F 

MAX. UNIT 

- ns 

200 ns 

200 ns 

70 ns 

60 ns 

- ns 

Power 

Operating 

Operating 

Standby 



.TC53257P 
TC53257F 

.()~TLI~EDR~VVI~GS 

• Plastic DIP 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 
Unit: mm 

---+-----tt] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4MAX. 

5" 

2.S4tO.2S I I 
O.S±O.lS 

1.4±0.lS 
17.4MAX. 

NOTE: Each lead pitch is 2. 54mm. 
All leads are located within O. 25mm of their true longitudinal position with respect to No.1 and No. 28 leads . 

• Plastic FP 

rm.1~1 =E-I ~~l 
. . l.S±O.4 I 

11.8±0.~ 

NOTE: Each lead pitch is 1.27mm. 
All leads are located within O. 12mm of their true longitudinal position with respect to No.1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
1 M BIT (128K WORD X 8 Bin 
CMOS MASK ROM 
SILICON GATE CMOS 

OESCRI PTI UN 

TC531000AP 
TC531000AF 

The TC531000AP/AF is a 1,048,576 bits read only memory organized as 131,072 

words by 8 bits with a low bit cost, thus being suitable for use in program marnory 

of microprocesGor, especially character generator. The TC53l000AP/AF using CMOS 

technology is most suitable for low power applications where battery operation are 

required. The TC53100CAP/AF has one chip enable input CE/CE, programmable for device 

selection. 

FEATURES 

• Single 5V Power Supply 

• Access Time: 150ns (Max.) 

• Power Dissipation 

Oper3tin? Current: 40mA (Hax.) 

20~A (Max.) 

PIN COrmECTION 

A2 
Al 
AO 
DO 

Dl 

D2 

GND 14 

PIN N{\~1ES 

AO 'V Al6 

DO 'V D7 

CE/CE 

VDD 
GND 

VDn 

27 1114 

26 A13 

25 A8 

:;: 24 A9 

I'Ll 23 All 
H 22 1116 > 
P-t 

21 AI0 
0 20 C'E/CE 
E-< 

19 D7 
18 D6 
17 D5 
16 D4 

D3 

Address Inputs 

Data Outputs 
Chip Enable Input 

Pmver Supply 

Ground 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• Fully Static Operation 

• Programmable Chip Enable 

• Package Plastic DIP: TC53l000AP 

Plastic FP : TC53l000AF 

BLOCK DIAGRA~1 

VDD GND DO Dl D2 D3 D4 D5 D6 D7 

r r 

COLUM N DECODERS 

131,072 X 8 

MEMORY CELLES 
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TC531000AP 
TC531000AF 

• 1 

MAXH1UM RATINGS 
SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 
PD Power Dissipation 

TSTG Storage Temperature 

TOPR Operating Temperature 

RATING UNIT 

-0.5 'U 7 .0 V 

-0.5 'U VDD V 
o 'U VDD V 

1.0/0.6'" W 

-55 'U 150 °c 
-40 'U 70 °c 

TSOLDER Soldering Temperature • Time 260 - 10 °C-sec 

Note: * Plastic FP 

D.C. OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - VDD+0.3 V 
VIL Input Low Voltage -0.3 - 0.8 V 

D.C. and OPERATING CHARACTERISTICS (Ta=-40 'U 70°C, VDD=5V±10%) 

SYMBOL PARAMETER CONDITIONS MIN. 
IlL Input Leakage Current VIN=O 'V VDD -

-
ILO Output Leakage Current CE=VIH, VOUT=O 'UVDD -
IOH Output High Current VOH=2.4V -1.0 

IOL Output Low Current VOL=0.4V 2.0 
IDDSI Standby Current CE=VIH -
IDDS2 Standby Current CE=VDD and VIN=OV (VDD) -
IDDOI VIN=VIH/VIL, t cyc l e=150ns -Operating Current 
IDD02 VIN=VDD/OV, tcycle=150ns -

CAPACITANCE 
SYMBOL PARAMETER CONDITIONS MIN. MAX. 

CIN Input Capacitance f=lMHz, Ta=25°C - 10 

COUT Output Capacitance f=lMHz, Ta=25°C - 10 

Note: This parameter is periodically sampl~d and is not 100% tested. 
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MAX. UNIT 
±1.0 )JA 

±5.0 )JA 

- rnA 

- rnA 

2 rnA 

20 )JA 

50 
rnA 

40 

UNIT 

pF 



A.C. CHARP,CTERISTICS (VDD=5V±10%, Ta=-40 "'70°C) 

SYHBOL PARAMETER MIN. 

tCYC Cycle Time 150 
tACC Access Time -
tCE Chip Enable Access Time -
tCED Output Disable Time 

tOH Output Hold Time 

AC TEST CONDITIONS 

• Output Load 

• Input Levels 

-
0 

100pF + 1TTL 

0.6V, 2.4V 

• Timing Measurement Reference Levels 

• Input Rise and Fall Time 

TIMING WAVEFORMS 

AO-A16 X 

CE/CE X 
r-

... 

OPERATION r'10DE 

MODE CE(CE) 
Read L(H) 

Output Deselect H(L) 

H: VIH, L: VIL, *: VIH or VIL 

Input : 0.8V, 2.2V 
Output: 0.8V, 2.0V 

5ns 

CYC 

Valid 

tACC 
CEI 

CE 

tCE 

@0 
f-

AO "'16 
Valid 

* 
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MAX. 

-
150 
150 

50 

-

X 

X 
~ 

Valid 
X X 

X 
>.X)()( 

Outputs 
Data Out 

High-Z 

TC531000AP 
TC531000AF 

UNIT 

ns 

ns 
ns 

ns 

ns 

tCED ---, 
XX,\A 
XX 
xXY 

Power 

Operating 

Standby 



TC531000AP 
TC531000AF 

OUTLINE DRAWINGS 

Plastic DIP 

28 15 Unit: nun 

J 
1 14 

~ 15.24±0.25 III 

0.5 ±0.15 2.54 ± 0,25 

1.4 ± 0.15 

Note: Each lead pitch is 2.54mm. 

Plastic FP 

All leads are located within O.25mm of their true longitudinal 
position with respect to No.1 and No.28 leads. 

28 15 

1 14 

II 0.43±0.1 1.27 ± 0.05 r-t 
d 
+i 
r-t 
d 

il llB ± 0.3 I 
~~~~ 

I I 1.5 ±0.4 

Note: Each lead pitch is 1.27mm. 
All leads are located within O.25mm of their true longitudinal 
position with respect to No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 
2M BIT (256K \M)RDX8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 

The TC532000P is a 2,097, 152 bits read only 
memory organized as 262, 144 words by 8 bits with 
a low bit cost thus being suitable for use in program 
memory of microprocessor, especially character 
generator. The TC532000P using CMOS technoloby 
is most suitable for low power applications where. 

FEATURES 

· Single 5V Power Supply 
• Access Time: 200ns(Max.) 
· Power Dissipetion 

Operating Current 
Standby Current 

PIN CONNECTION 

(TOP VIEW) 

30mA(Max.) 
20uA(Max.) 

Voo 

A7 
A6 

Do 

DI 

D2 
GND 

PIN NAMES 

Ao-A17 

00-07 

OE 

CE/CE 

N.C. 

Voo 

GNO 

NC 

AI7 
AI. 

All 

ft." 
A. 

All 

Address inputs 

Data outputs 

Output Enable input 

Chip enable input 

No Conuection 

Power supply 

Ground 

TC532000P 

battery operation is required. 
The TC532000P has one programmable chip 

enable input CE/CE for device selection, and one 
output enable input OE for fast memory access and 
output control. 

The TC532000P is moulded in a 32 pin standard 
plastic package, 0.6 inch in width. 

· All Inputs and Outputs: TIL Compatible 
· Three State Outputs 
· 32pin 600mil width Plastic DIP 
· Fully Static Operation 
· Programmable Chip Enable 

BLOCK DIAGRAM 

Voo GND 

+ + 
CE 

DE 

Ao 
Al 

A2 
Al 

A. 
As 

A. (/) 
a: 

A7 ~ u... 

Aa => (/) co a: 
(/) 

w 
A. (/) 0 

w 0 262.144x8 bit 
Ala a: u 

0 W 

All 0 0 
<{ 

~ Al2 0 

MEMORY CELLS 

All 
a: 

AI. 
AlS 
AI6 
Al7 
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TC532000P 

MAXIMUM RATINGS' 

SYMBOL ITEM RATING UNIT-

Voo Power Supply Voltage -0.5-7.0 V 

VIN Input Voltage -0.5-Voo V 

VOUT Output Voltage O-Voo V 

Po • Power Dissipation 1.0 W 

TSTG Storage Temperature -55-150 'C 

TORR Operating Temperature -40-85 'C 

TSOlOER Soldering Temperature· Time 260· 10 'C' sec 

Note: ·Plastic FP 

D.C. OPERATING CONDITIONS (Ta= -40-85"C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT. 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

Vil Input Low Voltage -0.3 - 0.8 V 

-D.C. and OPERATING CHARACTERISTICS (Ta= -40-85'C, Voo=5V+ 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

III Input Leakage Current VIN=O-VOO - ±1.0 uA 

IlO Output Leakage Cunnent CE=VIH or OE=VIH, VOUT=OV-Voo - ±5.0 uA 

10H Output High Current VOH=2.4V -1.0 - mA 

10l Output Low Current VOl=O.4V 2.0 - mA 

100s1 Standby Current CE=VIH - 5 mA 

100s2 Standby Current CE=Voo and VIN=OV (VOO) - 20 uA 

10001 VIN=VIHlVll, tcycle=200ns, 10uT=OmA - 40 mA 

10002 
Operating Current 

VIN=VOO/OV, tcycle=200ns,louT=OmA - 30 mA 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitance f= 1 MHz, Ta=25'C - 8 pF 

COUl Output Capacitance f= 1 MHz, Ta=25'C - 10 pF 

Note: ThiS parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=-40-85"C. VDD=5V±10%) 

SYMBOL PARAMETER 

tcYC Cycle Time 

!Acc Access Time 

tCE Chip Enable Access Time 

tOE Output Enable Access Time 

tCED. tOED Output Disable Time 

tOH Output Hold Time 

AC TEST CONDITIONS 

Output Load 
Input Levels 
Timing Measurement Reference Levels 

Input Rise and Fall Time 

TIMING WAVEFORMS 

An-A" 

) 

CE/eE ): 

DII!'"!" 

. OPERATION MODE 

MODE 

Read 

Standby 

Output Deselect 

1 OOpF+ 1 TIL 
O.6V. 2.4V 

Input: O.8V, 2.2V 
Output: O.8V, 2.0V 

5ns 

t('\(' 

Valid 

tAfT CE 

CE 

to: 

\ 
L 

tOE 

~ 
~ 

CE (CE) OE 

L{H) L 

H{L) * 
L{H) H 
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TC532000P 

MIN. MAX. UNIT 

200 - ns 

- 200 ns 

- 200 ns 

- 70 ns 

0 ~O ns 

0 - ns 

) 

) 
~ 
,.. 

I 
tOil tllEII 

I--- r---
Valid ~ ~ 

Ao-AI7 Outputs Power 

Valid Data out Operating 

* High-Z Standby 

* High-Z Operating 



TC532000P 

OUTLINE DRAWINGS 

Unit:mm 

32 17 

16 

z 
~ 
N 
M 

I ~ 
~ 

1.4±O.15 

Note: Each lead pitch is 2. 54mm. 
All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.32 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. 

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 
4M BIT (512K WORD X 8 Bin CMOS MASK ROM 
SILICON GATE CMOS 

OESCR! PTI ON 

TC534000P 

The TC534000P is a 4,194,304 bits read only memory organized as 524,288 words by 
8 bits with a low bit cost, thus being suitable for use in program memory of micro
processor, and data memory, especially character generator. The TC534000P using CHOS 
technology is most suitable for low power applications where battery operations are 
required. 
The TC534000P has one programmable chip enable input CE/CE for device selection. 
The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 

FEATURES 

• Single 5V Power Supply 

• Access Time: 250ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Hax.) 
Standby Current 20~A (Max.) 

PI~ CONNECTION 

VDD 
A16 A1S 
A15 A17 
;'.12 ;,14 

A7 A13 
A6 A8 

A5 A9 

At" All 
AS DE 
A2 AID 
Al r.E/C~ 

AO D7 
DO D6 
Dl D5 
D2 D4 

aND D3 

PIN NPJ,1ES 
AO '\, Al8 Address Inputs 
DO '\, D7 Data Outputs 

OE Output Enable Input 

CE/CE Chip Enable Input 

VDD PO\ver Supply 

GND Ground 

N.C. No Connection 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32 pin 600 mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 

BLOCK DIAGRAt1 

DO Dl D2 D3 Dt" D5 Do D7 

CE; 

or:; 

AO 
Al 
A2 
;,3 
A4 
A5 en 

p:: 
A6 C::J 

r.-
A'; r.-
A8 

::> 
III t~ 

A9 en :::: 
:::J 

A10 en ::::. 
C::J 0 All p:: c 

A12 A c:::: 
A ::::. 

A13 c::: MEMORY CELLS 
~ 

A14 0 

AIS 
AI6 
A17 
A IF.: 
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TC534000P 

MAX H1UM RATINGS 

SYMBOL ITEM RATING UNIT 
VDD Power Supply Voltage -0.5'V7.0 V 
VIN Input Voltage -0.5 'VVDD V 
VOUT Output Voltage O'VVDD V 

PD Power Dissipation 1.0 W 

TSTG Storage Temperature -55 'V 150 °c 

TOPR Operating Temperature -40 'V 85 °c 

TSOLDER Soldering Temperature· Time 260 • 10 °C·sec 

D.C. OPERATING CONDITIONS (Ta=-40 'V 85°C) 
SYNBOL PAlW·IETER MIN. TYP. HAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 
VIH Input High Voltage 2.2 - VDD+O·3 V 

VIL Input Low Voltage -0.3 - 0.8 

D.C. and OPERATING CHARACTERISTICS (Ta=-40'V85°C, VDD=5V±10%) 

snlBOL P ARAl'1ETER CONDITIONS HIN. HAX. UNIT 
IlL Input Leakage Current VIN=O 'V VDD - ±1.0 lJA 
ILO Output Leakage Current CE=VIH, VOUT=OV 'V VDD - ±5.0 lJA 
10H Output High Current VOH=2.4V -1.0 - rnA 

IOL Output LO\v Current VOL=0.4V 2.0 - rnA --
IDDSI Standby Current CE=VIH - 2 rnA 

lDDS2 Standby Current CE=VDD and VIN=OV(VDD) - 20 lJA 
IDDOI VIN=VIH/VIL, t cyc l e=250ns - 40 

Operating Current rnA 
IDD02 Vn~=VDD/OV , tcyc1e=250ns - 30 

CAPACITANCE 
SYHBOL PARAHETER CONDITIONS HIN. HAX. UNIT 

CIN Input Capacitance f=lM1-lz, Ta=25°C - 8 
COUT f=Ulliz, Ta=25°C 10 

pF 
Output Capacitance -

Note: This parameter is period{cally sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=-40 '" S5°C, VDD=5V±10%) 

SYMBOL PARAMETER 

tCYC Cycle Time 

tACC Access Time 

tCE Chip Enable Access Time 

tOE Output Enable Access Time 

tCED Output Disable Time 

tOED Output Disable Time from OE 
tOH Output Hold Time 

AC TEST CONDITIONS 

Output Load 

Input Levels 

Timing Measurement Reference Levels Input 

MIN. MAX. 

250 -
- 250 

- 250 

- 100 

0 SO 

- SO 

20 -

100pF + lTTL 

0.6V, 2.4V 

O.SV, 2.2V 

Output: 0.8V, 2.0V 

UNIT 

ns 

Input Rise and Fall Time 5ns 

TIMiNG \~AVEFORMS 

tCYC 

AD-AlB X· Valid } 
tACC 1 cEI 

CE/CE X' c:--:: i 

tCE I I ~DI 
~ 

OPERATI ON 1'10DE 

NODE CE(CE) OE AO '" 18 Outputs 

Read L(H) L Valid Data Out 
Standby H(L) * -:,,\ High-Z 

Output Deselect L(H) H .0. High-Z 
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PO\ver 

Operating 

Standby 

Operating 



OUTLINE DRAWINGS 

17 

~ 
16 

'22"~'. ~ 

~ 
t<i, I I H±015 

Note: Each lead pitch is 2.54mm. 

Unit: 

15.24 TYP. 

nun 

\ 
,\ 

U 

--U-

All leads are located Hithin O.25i!!m of their true longitudin.::l 

position \d th respect to ::0.1 .::md !\o. 32 leads. 

~ote: Toshiba does not assume any responsibility for use of any circuitry 

described; )w circuit patent licenses :1re implied, and Toshiba 

reserv~s the rj.~ht, at any time \d thout notice, to chan;;e said 

circuitry. 
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CORPORATE OFFICE 
2692 Dow Ave. 
Tustin, CA 92680 
(714) 832-6300 
TLX: 314-138 
FAX: 714-832-5630 

WESTERN AREA 
2021 The Alameda 
Suite 220 
San Jose, CA 95126 
(408) 244-4070 
FAX: 1408-248-5370 

SOUTHWEST REGION 
1400 Quail St., Suite 100 
Newport Beach, CA 92660 
(714) 752-0373 
TWX: 910-596-1886 
FAX: 714-833-3406 

CENTRAL AREA 
" 1101A Lake Cook Rd . 

Deerfield, IL 60015 
(312) 945-1500 
TWX: 29-7131 
FAX: (312) 945-1044 

SOUTH CENTRAL REGION 
13111 North Central Expy. 
Suite 110 
Dallas, TX 75243 
(214) 480-0470 
FAX: 214-235-4114 

EASTERN AREA 
The Burlington Bus. Ctr. 
67 South Bedford Street 
Suite 200W 
Burlington, MA 01803 
(617) 272-4352 
FAX: (617) 272-3089 
TLX: 948692 
Answerback Toshiba Burl 
TWX: 710-321-6730 

SOUTH EASTERN REGION 
2295 Park lake Drive 
Atlanta, GA 30345 
( 404) 493-4401 
FAX: (404) 493-4240 

TOSHIBA AMERICA, INC. 
2692 Dow Ave. 
Tustin, California 92680 
Telephone: 714-832-6300 
Telex: 314-138 
FAX: 714-832-5630 

The InformatIOn in this gu ide has been ca refully checked and is beHeved to be reliable, however, no responsibility can be assumed for inaccuracies that 
may not have been caught All mformation in this gU ide IS subject to change without prior notice. Furthermore. Toshiba cannot assume responsibili ty 
for the use of any license under the patent nghts of Tosh iba or any third parties. 4/87 PR I NTE 0 IN U.S.A. 


