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TOSHIBA 

A. DYNAMIC RAM 

1. Standard DRAM 

Access Time Cycfe Power Dissipation 

capacity Pert Number Organization 
Max (ns) TIme 

Process 
Max SIB (mW) 

Pins 
Operating 

Min Mode 
TRAC TCAC (ns) Active Standby 

C511000AP/AJ/AZ-70, 70 20 130 440 
C511OO0AP/AJ/AZ-80 . 1.048,676 X 1 60 20 150 CMOS 385 5.5 18/26/20 Fast Page 
C511oo0AP/AJ/AZ-l0 100 25 180 330 

C511000APL/AJL/AZL-70 70 20 130 440 Fast Page C511000APL/AJL/AZL-80 1.048,576 X 1 60 20 150 CMOS 385 1.1 18/26/20 
C511ooOAPL/AJL/AZL-l0 100 25 180 330 Low Power 

IrC511oo1AP/AJ/AZ-70 70 20 130 440 
C511oo1AP/AJ/AZ-80 1.048.576 X 1 80 20 150 CMOS 385 5.5 18/26/20 Nibble 
C511oo1AP/AJ/AZ-10 100 25 180 330 

C511OO2AP/AJ/AZ-70 70 20 130 440 
Static C511OQ2AP/AJ/AZ-80 1.048,576 X 1 80 20 150 CMOS 385 5.5 18128/20 

1M TC511oo2AP/AJ/AZ-10 100 25 160 330 Column 

Bit 
C514256AP/AJ/AZ-70 70 20 130 440 
C514256AP/AJ/AZ-60 262.144X4 60 20 150 CMOS 385 5.5 20/26/20 Fast Page 
C514256AP/AJ/AZ-l0 100 25 180 330 

C514256APL/AJL/AZL-70 70 20 130 440 Fast Page C514256APL/AJL/AZL-80 262.144X4 80 20 150 CMOS 385 1.1 20/26/20 
C514256APL/AJL/AZL-l0 100 25 180 330 Low Power 

~14266AP/AJ/AZ-70 70 20 130 440 Fast Page 
C514266AP/AJ/AZ-80 262.144X4 80 20 150 CMOS 385 5.5 20/26/20 Write-
C514266AP/AJ/AZ-IO 100 25 180 330 Per-Bit 

C514266AP/AJ/AZ·70 70 26 130 440 Static C514258AP/AJ/AZ-80 262.144X4 60 25 150 CMOS 386 5.5 20/26/20 
C514258AP/AJ/AZ·10 100 30 180 330 Column 

~l:~:~~~~~~~~g 70 25 130 440 Static Co~ 
262.144 X 4 60 25 150 CMOS 385 5.5 20/26/20 umn. Write-

C514266AP/AJ/AZ-l0 100 30 180 330 Pe .... Blt 

~514100J/Z-80 4.194,340 X 1 60 20 150 CMOS 550 5.5 26/20 Fast Page r-C514100J/Z-l0 100 25 180 488 

I!C514101J/z-60 4,194.304 X 1 80 20 150 CMOS 578 5.5 26/20 Nibble 
!tC514101J/Z-l0 100 25 180 495 Mode 

I!C514102J/Z-80 4.194,304 X 1 80 20 150 CMOS 550 5.5 26120 Static 
4M r-C514102J/Z-l0 100 25 180 488 Column 
Bit 

1!961440OJ/z-60 60 20 150 678 
r-C51440OJ/Z-IO 1,048.576 X 4 

100 25 180 CMOS 495 5.5 26/20 Fast Page 

1!C514402J/z-60 1,048,576 X 4 80 20 150 CMOS 578 5.5 26/20 Static 
~CsI4402J/Z-l0 100 25 160 495 Column 

1!951441OJ/Z-80 1,048,576 X 4 80 20 150 CMOS 578 5.5 26/20 tN!lte-Pe .... Blt 
r-C51441 OJ/Z-l 0 100 25 180 495 Fast Page 
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TOSHIBA 

2. CMOS Video Ram 

Random Serial Serial Cycle Power Dissipation 
Access Port Port Time Max SIB (mW) Operating 

Capacity Part Number Organization (n8) Time Access Min Pins Mode 
TRAC (ns) i~~i (ns) Active Standby TCAC 

C521000P/J 32KX6 X4 20 190 550 110 40/40 Serial-In 
160 Serial-Out 

C524256P/Z/J-l0 RAM PORT: 262,144 X 4 100 50 25 190 550 110 28/28/32 Random Port 
C524256P/ZlJ·12 SAM Port: 512 X 4 120 60 35 220 495 Page Mode 

Write-Per-Bit 

Serial Port 
Serial Input 

1M Serial Output 
Bit C524257P/ZlJ-10 RAM Port: 262. 144 X 4 100 50 25 190 550 110 28/28/32 Random Port 

C524257P/ZlJ-12 SAM Port: 512 X 4 120 60 35 220 495 Page Mode 
Write-Per-Bit 

Serial Port 
Serial Input 

Serial Output 

With Raster 
Operation 

NOTE: Package P: Plastic Dip Z: Plastic Zip J: SOJ 
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TOSHIBA 

3. DRAM Modules 

Organization Part Number ~ccessTime Pins Assembly Pin Type Height Comments (ns) TRAC Side Max (mm) 

THM81000AS'70 70 
THM81000AS'80 80 Socket 20.45 
THM81OOOAS'10 100 

30 Single 
THM81000AL-70 70 

1M X8 THM81000AL-80 80 Pin 22.60 Fast Page 
THM81000AL:1O 100 

THM81020AL-70 70 
THM81020AL·80 80 30 Double Pin 12.64 
THM81020AL-l0 100 

THM91000A8-70 70 
THM91000AS-80 80 Socket 20.45 
THM91000AS-70 100 

30 Single Fast Page 
THM91000AL-70 70 

lMX9 THM91000AL-80 80 Pin 22.60 
THM91000AL-l0 100 

THM91010A8-70 70 
THM91 01 OA8-80 80 Socket 20.32 
THM91010A8-10 100 

30 Double Fast Page 
THM91 020AL-70 70 
THM91020AL-80 80 Pin 12.64 
THM91020AL-10 100 

THM362500AS-70 70 
256K X 36 THM362500AS-80 80 Single 25.4 

THM362500AS-10 100 
72 Socket Fast Page 

THM365120A8-70 70 
512K X 36 THM365120AS-80 80 Double 25.4 

THM365120AS-l0 100 

3 



TOSHIBA 

B. STATIC RAMS 

1. Standard SRAM 

Capacity Part Number Organi- ~ssTime Cycle Time Process Power Dissipation Max (mW) Pins Package 
zallon Max (ns) Min (ns) Width (inch) 

Active Standby 

TC5563APL-l0 100 100 
64KBit TC5563APL -12 120 120 0.55 

TC5563APL-15 150 150 
6,192 X8 CMOS 220 28 0.3 

TC5563APL -I OL 100 100 
TC5563APL-12L 120 120 0.165 
TC5563APL -15 L 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 220 28 
TC5565APL/AFL-l0L 100 100 0.45 (F) 

TC5565APL/AFL-12L 120 120 0.165 
TC5565APL/ AFL -1 5 L 150 150 

TC55257 APL/AFL-85 85 85 
TC55257 APL/AFL-l 0 100 100 0.55 
TC55257 APL/AFL-12 120 120 

TC55257BPL/BFL/BSPL-70 70 70 
0.6(P) TC55257BPL/BFL/BSPL-85 85 85 0.55 

TC55257BPL/BFL/BSPL-l0 32.768 X 8 100 100 CMOS 330 26 0.45 (F) 
0.3 (SP) 

TC55257 APL/AFL-85L 85 85 
TC55257APL./AFL-l0L 100 100 0.165 
TC5525 7 APLI AFL-12L 120 120 

265K Bit 
TC55256PL/FL-l0 100 100 O.6(P) TC55256PL/FL-12 32,768 X 8 120 120 CMOS 330 0.005 28 
TC55256PL/FL-15 150 150 0.45 (F) 

TC55258PL/FL-l0 100 100 0.6(P) TC55258PL/FL-12 32,768 X 8 120 120 CMOS 330 0.005 28 
TC55258PL/FL -15 150 150 0.45 (F) 

TC551 001 PL/FL-70 70 70 
1M Bit TC551 001 PL/FL-85 131,072 X 8 85 85 CMOS 330 0.55 32 0.6(P) 

TC551001 PL/FL-l0 100 100 0.45 (F) 

Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Skinny Plastic Dip 

4 



TOIINI.SA 

2. CMOS Pseudo Slatic RAM 

Access Cycle Power Dissipation Package Time Time Max SIB (mW) Capacity Part Number Organization Max Min Pins Width Comment 

(n. ino) Active Standby (Inch) 

TC51832P/SP/F·B5 85 135 303 

TC51832P/SP/F·l0 100 160 248 5.5 

TC51832P/SP/F·12 120 190 220 0.6 (P) 
256K Bit 32.788 X8 28 

TC51832PLJSPUFL -85 85 135 303 0.3(SP) 

TC51832PLJSPL/FL'10 100 160 246 0.55 0.45 (F) Low Power 

TC51832PL/SPL/FL-12 120 190 220 

TC518128AP/ASP/AF·60 60 130 365 0.6 (P) 

~)~E2 TC518128AP/ASP/AF·10 131,072X8 100 160 330 5.5 32 0.3(SP) 
TC518128AP/ASP/AF'12 120 190 275 0.45 (F) 

TC518128APLJASPUAFL-BO 80 130 365 0.6 (P) r-vilh CE1/CE2 
TC518128APLJASPUAFL·l0 131,072 X8 100 160 330 1.1 32 0.3(SP) And Low 
TC518128APLJASPUAFL·12 120 190 275 CJ.45(F) Power 

1M Bit 
TC518129AP/ASP/AF·60 60 130 365 0.6(P) 

WilhCeics TC518129AP/ASP/AF·l0 131,072 X8 100 180 330 5.5 32 0.3(SP) 
TC518129APIASPIAF-12 120 190 275 0.45 (F) 

TC518129APLJASPUAFL-BO 60 130 365 0.6 (P) WilhCElCS 
TC51 8129APLJASPL/AFL'1 0 131,072 X 8 100 180 330 1.1 32 0.3(SP) And Low 
TC518129APLJASPLJAFL-12 120 190 275 0,45(F) Power 

3. High Speed Static RAM 

AcceBB Cycle Power DiSSipation Package 
Capacity Part Number Organization Time Time Power Max(mW) Width Comment AndProceaa Max Min Supply (Inch) (ns) (ns) ActIve Standby 

TMM2018P-25 2,048 X 8 25 25 825 
16KB~ TMM2018P'35 35 35 5V±10% 742.5 5.5 24 0.3 

TMM2018P-45 NMOS 45 45 742.5 

TC5561 P/J-35 65,536 Xl 35 35 22 (P) 0.3 (P) TC5561 P/J-45 45 45 SV±lo% 550 0_55 low Power 
TC5561 P/J·70 CMOS 70 70 

24(J) 0.3(J) 

TC5562P/J-35 65,536 X 1 35 35 22 (p) 0_3(P) TC5562P/J-45 45 45 5V±10% 550 5.5 
TC5562P/J-70 CMOS 70 70 

24 (J) 0_3 (J) 

TC55416P-20 16.384 X 4 20 20 5V±5% 880 22 (P) 0_3(P) TC55416P-25 25 25 5V±10% 660 5.5 
TC55416P-35 CMOS 35 35 5V±10% 550 24 (J) 

84K Bit TC55416P-15H 16,384 X 4 15 15 5V±10% 880 5_5 22 0_3 TC55416P-20H CMOS 20 20 5V±10% 550 

TC55417P/J-20 16,384 X 4 20 20 5V±5% 660 22 (p) 0.3 (p) WilhOE TC55417P/J-25 25 25 5V±10% 880 5.5 
TC55417P/J-35 CMOS 35 35 5V±10% 550 24 (J) 0.3 (J) 

TC55417PIJ-15H 16,384X4 15 15 5V±10% 550 5_5 24 0_3(P) WithOE TC55417PIJ-20H CMOS 20 20 5V±10% 550 0.3(J) 

TC5588P/J-15 8,192 X8 15 15 880 0.3(P) With 00 TC5588P/J-20 20 20 5V±10% 550 5_5 28 
TC5588P/J-25 CMOS 25 25 550 0.3 (J) And CE2 

TC5589P/J-15 8,192 X9 15 15 660 0.3(P) WithCEI 72KBit TC5589P/J-20 20 20 5V±10% 550 5_5 28 
TC55B9P/J-25 CMOS 25 25 550 0.3(J) AndCE2 

TC55484P/J-20 65,536X4 20 20 660 0.3(P) TC55484P/J-25 25 25 5V±10% 660 5_5 24 
TC55484P/J-35 CMOS 35 35 550 0.3(J) 

TC55485P/J-20 65,536X4 20 20 660 0.3(P) WithOE 256K Bit TC55485P/J-25 25 25 5V±10% 660 5_5 28 
TC55465P/J-35 CMOS 35 35 550 0.3(J) 

TC55328P/J-20 32,768X8 20 20 660 0_3(P) TC55328P/J-25 25 25 5V±10% 660 5_5 28 
TC55328P/J-35 CMOS 35 35 550 0.3 (J) 

TC55329P/J-20 32,768X9 20 20 660 0.3(P) WithCEI 288KBit TC55329P/J-25 25 25 5V±10% 660 5.5 32 
TC55329P/J-35 CMOS 35 35 550 

0_3 (J) AndCE2 

NoIe: Package Material: P-Plastic Dip F-Flal Package (SOP) SP-Slim Plastic Dip 
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TOSHIBA 

c. Non-volatile 

1. Standard EPROM 

Access Cycle Power Power Dissipation Program-Organization Time Time Temperature Max (mW) Capacity Part Number & Process Max Min Supply Range (C) Pins ming 

(ns) (ns) (V) 
Active Standby Algorithm 

TMM27256BO-15 150 150 0-70 525 158 TMM27256BO·20 200 200 

TMM27256BOI-15 32,768 X 8 150 150 5V±5% 28 lor II 
256K TMM27256BOI-20 NMOS 200 200 -40 - 85 630 184 

TC57256AO-12 32,768 X 8 120 120 
TC57256AD-15 150 150 O· 70 158 0.525 
TC57256AO-20 CMOS 200 200 

TMM27512AO·17 170 170 630 184 
TMM27512AO·20 200 200 5V±5% 0-70 630 184 28 lor II 
TMM27512AO-25 250 250 630 184 

512KBit TMM27512AO·200 65,536 X 8 200 200 5V±10% 0-70 715 220 28 lor II TMM27512AO-250 250 250 715 220 
NMOS 

TMM27512AOI-20 200 200 5V±5% -40 - 85 683 210 28 lor II TMM27512AOI-25 250 250 683 210 

TC57512AO-15 65,536 X 8 150 150 5V±5% 0-70 158 0.525 28 lor II TC57512AO-20 CMOS 200 200 158 

TC571 0000-15 131,072 X 8 150 150 0-70 158 0.525 
TC571 0000-20 200 200 5V±5% -40- 85 158 0.525 32 II 
TC571 0000-25 CMOS 250 250 -40- 85 158 0.525 

TC571 0000-200 200 200 5V±10% 0-70 165 0.55 32 II 

TC571 001 0-15 131,072 X 8 150 150 0-70 158 0.525 
1M Bit TC571 001 0-20 200 200 5V±5% -40- 85 158 0.525 32 II 

TC5710010-25 CMOS 250 250 -40- 85 158 0.525 

TC571 001 0-200 200 200 5V±10% 0-70 165 0.55 32 II 

TC5710240-15 65,536 X 16 150 150 0-70 158 0.525 
TC571 0240-20 200 200 5V±5% -40- 85 158 0.525 40 II 
TC571 0240-25 CMOS 250 250 -40-85 158 0.525 

TC571 0240-200 200 200 5V±10% -40- 85 220 0.55 40 II 

6 



TOSHIBA 

2. High Speed Eprom 

Access Cycle Power Dissipation program-
Capacity Part Number Organization Time Time Power em perature Max(mW) 

Pins mlng & Process Max Min Supply Range (C) 
(ns) (ns) Active Standby Algorithm 

256K Bit TC57H256D-70 32,768 X 8 70 70 5V±5% 0-70 210 0.525 28 lorll TC57H256D-85 CMOS 85 85 5V±10% 220 0.55 

TC57Hl024D-85 65,536 X 18 85 85 5V±5% 210 0.525 
1M Bit TC57Hl024D-l0 100 100 5V±5% 0-70 210 0.525 40 II 

TC57Hl024D-l00 CMOS 100 100 5V±10% 275 0.55 

3. Flash EEPROM 

Access Cycle Power Dissipation Program-

Capacity Part Number Organization Time Time Power emperature Max (mW) ming& 
Max Min Supply Range (C) Pins Erase 
(ns) (ns) Active Standby Voltage 

TC58257Ap·17LV 170 170 12.0V 256K Bit TC58257 AP·20LV 65,536 X 8 200 200 5V±10% 0-70 165 0.55 28 ±0.5 TC58257AP-25LV 250 250 

4. One Time PROM 

Organ- Access Cycle Power Temper- Power Dissipation Program-
Capacity Type No. ization Time Time Supply ature Max (mW) Pins ming Max Min & Process (ns) (ns) (V) Range (Cl Active Standby Algothrim 

256K Bit TMM24256BP/BF-17 32,768 X 8 170 170 5V±5% 0-70 525 158 TMM24256BP/BF-20 NMOS 200 200 
32.768 X 8 28 lor II 

TC54256AP/AF·150 CMOS 150 150 5V±10% -40·85 165 .55 

TMM24512AP/AF-20 65,536 X 8 200 200 0-70 630 184 TMM24512AP/AF-25 NMOS 250 250 
512KBit 5V±5% 28 lor II 

TC54512AP/AF-17 65,536 X 8 170 170 -40 -85 158 0.525 TC54512AP/AF·20 CMOS 200 200 

TC541000P/F-20 200 200 
TC541000P/F-25 131,072 X 8 250 250 

32 
TC541 001 P/F-20 CMOS 200 200 1M Bit TC541 001 P/F-25 250 250 5V±5% -40 -85 158 0.525 II 

t---
TC541024P-20 65,536 X 16 200 200 

40 TC541 024;5-25 CMOS 250 250 

5. Mask ROM 

Access Cycle Power Dissipation 

Capacity Type No. Organization Time Time Process 
Max(mW) Pins 

Max Min 
(ns) (ns) Active Standby 

TC531000CP/CF-12 120 120 220 
TC531000CP/CF-15 131,072 X 8 150 150 CMOS 193 0.11 28 

1M Bit TC531001CP 150 150 193 

TC531024P-12 65,536 X 16 120 120 220 0.11 40 
TC531024P-15 150 150 193 0.11 40 

4M Bit TC534000P 524,288 X 8 250 250 CMOS 220 0.11 32 

Note: Package Type: P:Plastic Dip F: Flat Package (SOP) 
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TOSHIBA 

1. 1 Mx1 CMOS Dynamic RAM 

Organization 1 MBX (Fast page mode) 1MBX1 (Nibble mode) 1 MBX1 (Static Column Mode) 

SUPPLIER PART # PART # PART # 

TOSHIBA TC511000 TC511001 TC511002 

FUJITSU MB81C1000 MB81C1001 MB81C1002 

HITACHI HM511000 HM511001 HM511002 

MITSUBISHI M5M4C1000 M5M4C1001 M5M4C1002 

NEC " PD421 000 " PD421001 " PD421002 

TI TMS4C1024 TMS4C1025 TMS4C1027 

NMB AAA1M100 AAA1M101 AAA1M102 

SAMSUNG KM41C1000 KM41C1001 KM41C1002 

OKI MSM511000 MSM511001 MSM511002 

MOTOROLA MCM511000 MCM511001 MCM511002 

MICRON MT4C1024 

SIEMENS HYB511000 HYB511002 

VITELIC V51C1000 

HYUNDAI HY51C100 

2. 256KX4 CMOS Dynamic RAM 

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

SUPPLIER PART # PART # PART # PART # 

TOSHIBA TC514256 TC514258 TC514266A TC514268A 

FUJITSU MB81C4256 -
HITACHI HM514256 HM514258 

MITSUBISHI M5M44C256 M5M44C258 

NEC " PD424256 " PD424258 

TI TMS44C256 TMS44C257 

SHARP LH64256 LH64256 

NMB AAA1M104 AAA1M105 

OKI MSM514256 MSM514258 

MOTOROLA MCM514256 MCM514258 

MICRON MT4C4256 

3. 256KX4 CMOS Video RAM 

Organization 256KX4 (w/O Raster) 256KX4 (w/Raster) 256KX4 (Field Memory) 

SUPPLIER PART # PART # PART # 

TOSHIBA TC524256 TC524257 TC521 000 

FUJITSU MB81C4251 MB81C4252 

MITSUBISHI M5M442256 

HITACHI HM534251 HM534252 

TI TMS44C251 

NEC " PD42274 
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TOSHIBA 

4. DRAM Hybrid Module 

Organization lMXB 1 MXB (Low Profile) lMX9 1 MX9 (Common 110) 

TOSHIBA . THMB1000A THMB1020A THM91000A THM91010A 

HITACHI HB68A18 HB58A19 

MITSUBISHI MH1M08 MH1M09J 

OKI MSC2311Y8/K58 MSC2310Y59/K59 , 
MICRON MT8C8024 

. 
MT8C9024 

NEC MC421000AB MC421000A9 

TI TM024GA08 TM024GAD9 

Organization 1 MX9 (Low Profile) 256KX36 512KX36 

TOSHIBA THM91020A THM362500A THM365120A 

5. Standard CMOS Static RAM 

Organization 8KX8 32KX8 128KX8 

Package Width 0.6 inch/O.45 Inch/O.3 Inch 0.6 Inch/O.45 Inch 

TOSHIBA TC5565APL/ AFL TC5568APL TC55257 API AF TC55256PL/FL TC551 001 P/F 

FUJITSU MB8464 MB84256 

HITACHI HM8284 HM6264ASP HM6256 HM658128 

MITSUBISHI M5M5165 M5M5256 M5M51000 

NEC uPD4364C uPD4384CX "PD43256 uPD44256 

OKI MSM5165 

lOT 10T7164 

VITELIC 

SAMSUNG KM62B4 

SMOS SRM2264 SRM20256 

GE/RCA CDMB264 

MOTOROLA MCM6064 MCM60256 

THOMSON MK48Z08 

I NOVA S128K8 
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TOSHIBA 

6. CMOS Pseudo Static RAM 

Organization 32KX8 128K X8 

Package Width 0.6 inch!O.3 Inch/0.45 inch 0.6 inch/0.3 inch/OA5 Inch 0.6 Inch/0.3 inch/0.45 inch 

TOSHIBA TC51832P/PL/SP/SPL/F/FL ~C518128AP/APL/ASP/ASPL/AF/AFL TC518129AP/APLIASP/ASPLIAF/AFL 

HITACHI HM65256 HM656126 

NEC po P042832 po P0426128 

SHARP LH62258 

7. High-Speed Static RAM - Common I/O (I) 

Organization 2KX6 8KX8 8Kx9 64KXl 16K X 4 (W/O OE) 16K X 4 (w/OE) 

Type NMOS CMOS 

Package Width 0.3 inch 

TOSHIBA TMM2018AP TCC5588 TCC5589 TC5561 12 TC55416 TC55417 

FUJITSU MB81C78 MB81C79 MB81C71A MB81C74 MB81C75 

HITACHI HM6287 HM6288 

CYPRESS CY7C185 CY7C186 CY7C187 CY7C164 CY7C166 

MITSUBISHI M5M5178 M5M5179 M5M5187 M5M5188 M5M5189 

MOTOROLA MCM2016H/18 MCM6264 MCM6267 MCM6288/9 MCM6290 

INMOS IMS1630 IMS1600/1 IMS1620 IMS1624 

lOT IOT7164 IOT7187 IOT7188 IOT7198 

NEC po P04361 po P04362 po P04363 

OKI MSM5188US 

SARATOGA SSM7164 SSM7169 SSM7187 SSM7188 SSM7166 

PERFORMANCE P4C164 P4C187 P4CI88 P4C198 

AMO AM9128 AM99C88H 

VTI VT20C98 VT8K9 VT62KS4 VT63KS4 

THOMSON MK48H65 MKB41H87 

HYUNOAI HY62C64 HY62C88 

GOLOSTAR GM76C64 GM76C164 

MICRON MT5C6408 MT5C6401 MT5C6404 MT5C6405 
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TOSHIBA 

8. High-Speed Static RAM - Common I/O (II) 

Organization 64K X 4 (W/O OE) 64K X 4 (W/OEI 32KX8 32KX9 

TYPE CMOS 

Package Width 0.3 inch 

TOSHIBA TC55464 TC55465 TC55328 TC55329 

CYPRESS CY7CI94 CY7CI96 CY7C199 

MIJSUBISHI M5M5258 

MOTOROLA MCM6208 MCM6205 

lOT 10T71258 10T712565 

INMOS IMS1820 

MICRON MT5C2564 MT5C2565 MT5C2568 

FUJITSU M881C84 

PERFORMANCE P4C1258 

SHARP LH52252 LH52256 LH559 



TOS".BA 

9. Standard EPROMlOTP (1) 

OrganizatiOn 32KX8 64KX8 

EPROM/OTP EPROM OTP EPROM OTP - HMOS CMOS HMOS CMOS NMOS CMOS NM08 CM08 

TOSHIBA TMM27256BD TC61256AD TMM24256BP/BF TC642688P/BF TMM21512AD/OI TCS7512AO TMM24612AP/AF TC64612AP/AF 

AMO Am27256 Am27512 

ATMEL AT27C258 AT27C512 

FUJITSU MBM27266 MBM27C256 M8M27C512 

OJ. 27256 27C2 .. 27C612 

INTEL 127256 1270256 P2726IA P21C256 127512 P27512 

MITSUBISHI ...... 7_ M5M27C256 M&M21268P M5M27C258P M5M27512 M5M27512P 

NEe ~ PD27268 I' PD27C256A ,.. P021258C p. P027C266C I' P02Tel12 

OKO MSM21C256 MSM28512 

HITACHI HN27258G HN27C256G HH4827258P HHZ7512G 

T.I. TMS27C256 rM$27pc266 TM$27C512 TM827PC612 

HSC HMC:27C266 NMC27C612 

10. Standard EPROM/OTP (II) 

Organization 128KX 8 64KX18 

EPROM/OTP EPROM OTP EPROM 

Process CMOS CMOS 

TOSHIBA TC571 0000 TC571 001 0 TC541000P TC541001P TC571 0240 

FUJITSU MBM27C1000 MBM27C1001 MBM27C1028 

HITACHI HN27C101 HN27C301 

INTEL 27010 27210 

MITSUBISHI M5M27C100 M5M27C101 M5M27C102 

NEC uP027C1000 uP027C1001 uP027C1024 

OKI MSM271 000 

NSC NMC27C1023 NMC27C1024 

T.I. TMS27C010 TMS27C210 

ATMEL AT27C010 AT27C1024 

AMO Am27C1024 

12 



TOSHIBA 

11. High-Speed CMOS EPROM 

Organization 32K X 8 64K X 16 

Supplier Part # Part # 

TOSHIBA TC57H256D TC57H1024D 

ATMEl AT27H256 AT27C1024 

G.I. 27HC256 

HITACHI HN27C256H 

WAFERSCALE WS57C256 WS57C21OF 

12. Flash Electrically - Erasable (CMOS) PROM 

Organization 32K X 8 

Supplier Part # 

TOSHIBA TC58257AP/AF 

INTEL 28F256 

13. CMOS MROM 

Organization 128K X e 512K xII' 

TOSHIBA TC531000AP/AF TC531 001 AP/AF TC534000P 

TI TMS47C1024 

FUJITSU MB831124 

HITACHI HN62301 

MOTOROLA 

MITSUBISHI M5M23C100 M5M23C400 

NEC uPD23C1000 uPD23C1001 uPD23C4001 

OKI MSM531000 

GI R09100XD 
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TOSHIBA 

MEMORY SELECTION GUIOE (1) - ACCESS TIME VS. CAPACITY 

TC58257k25LV 

reSB257 A-17f20 
TC57256A·20 
TMM27256B-20 
TC57256A-20 

TMM27512A·25 
TMM24512A·25 

TMM27512A-20 
TMM24512A-20 
TC57512A-20 

T(:571000/1-25 
TC571024·25 
TC541 000/1';15 

'Preliminary 

TC534000 

"O~----------~~T~C-55-63~A-.'-V-15----~-------------+~~~~;~':~::~~~~~.'~n~2o~~------------~-T-M-M-27-5-'2-A-V.-'5--·--~TC~5~42~5~~~'2~-----r------------~ 
TC5565A·12115 ig~~~j~:g!15 TC575t2A-15 ig~~:;~~:~~ 

TMM2725t>B·15 TC518129-12 
TCS7256k12/15 TC571000/1-15 
TC55256-12 TC531000/1 A 

TC5563A-l0 
TC5565A-l0 
TC5S6l-S5/l0 

100~ __________ ~~ __________ -+ ____________ -+~~~5~42~56~A~.'~5 ____ ~-------------+--------_____ ~~TC~5~7'~O~~~.'~5~----~----------~ 
TC55257 A"85/l 0 TC511 000-70/80!1 0 I TC51411-;I~i!! 
TC57H256-70/85 TC511001-70/80/10 I !~~: ~;' 

~g~~~~~~·bO!85 ig;i!gg~:~g;~g;ig I 19~~;~~'~~~~~ 
TC51 832-85/1 0 TCS I 4266-70/80/10 

i~i!~~~:ig;2g;~g I TC51441O-80110 

TC524256·1O 
TC524257-10 
TCS51001-70f80/10 
TC518128·80/10 
TC518129-80/1O 

TCS88-l5/20/2S Te558'! 15:::12:::01=2:5----+T~C5~5-::'6~'.-::'O:::i2~51:::35=---t-c'C::-~5:::5J-::":-:,~~O/-::25:::13~5----t-------------1-:;"'~55"",:.!.!,~,,:,,2""=51c:'O,,-I1:::00~+-------------I 
TC5561-45 TC55465.20/25/35 
TG5562-35145 TC55328·20/25/35 
TC55416-15/20/25/35 

L-__________ ~_.T~C~55~4~17~~~:I~:~~/2,.~5~~L----~:~~--~~---2::-56~K~B-::"-----L-----::2B~8-::K:::B"~---L----:::51-::2K-::B:-:"-----L----~~----~----:::'M:::B:-:',-----J 
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TOSHIBA 

MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY *Prelimlnal'Y 

Memory Type 
Memory CapacIty 

l6KBI! 64K Bit 72K Bit 256K Bil 288K Bit 51ZKalt 1M BH 4Melt 

TC511000APJAJ/AZ. TC514100J/Z 
TC511001APjAJ/AZ TC51410tJ/Z 
TC511002AP/A.J/AZ TeSt4102J/Z 

CMOS Dynamic RAM 
TC51425SAP/AJ/AZ. TCS14400Jfl 
TC514266AP/AJ/AZ TC514402J/Z 
TC514258AP/AJ/AZ TC514410J/Z 
TC514268AP/AJ/AZ 
TC524256P/J/Z 
TC524257P/J/Z 

RAM 
TC521000P/J 

NMOS Stelle Ram TMM201SAP 

TC5563APL TCS589P/J TC55257AP/AF TC5tSt 28AP/AF 
TC5565APL/AFL TC55:<'57BP/BF/BSP TC518129AP/AF 
TG5561P/J TC5525{1P/F TeSS1 001 PUFL 
TC!5562P/J TCS1S32P/SP/F 

CMOS Static RAM TC55416P TC51832PL/SPL!FL 
TC55417P/J TC5!)464PiJ 
TC5588P/J TC55485PIJ 

TC55328PIJ 
TC55329P/J 

NMOS EPROM TMM27:256BO/BDI TMM27512AD/ ADt 

CMOS FEE PROM TC58257AP/AF 

TC57256AO TC57512AO TC57tOOOI1D 
CMOS EPROM TC57HZ56D TC571024D 

TC57H10240 

ROM CMOS Mask ROM TC53100011 CP/CF TC534000f> 

NMOSOTP TMM24256BP/BF TMM24512AP/AF 

CMOS DlP TC54256AP/AF lC541000/1-P 



TOSHIBA 

MEMORY SELECTION GUIDE (3) - WORD BY BIT 

Word Bit 1 4 8 9 16 

2K TMM2018AP 

TC5563APL TC5589P/J 
6K TC5565APLI AFL 

TC5568P/J 

16K TC55416P 
TC5S4.17P/J 

TC55256P/F TMM27256BO/BOI 
TC55257 API AFL TC57256AO 

32K TC55257BP/BF/BSP TC57H2560 
TC51632P/SP/F TC56257AP/AF 
TC54256AP/AF 
TMM24256BP/BF 

TC5661P/J TMM24512AP/AF TC57512AO TC571 0240 
64K TC5562P/J TMM27512AO/AOI TC57H10240 

TC531 0240 

TC518128AP/AF 
TC516129API AF 
TC551001P 

128K TC57100Q/1D 
TC541000/1P 
TC5710240 
TC531000cP/CF 
TC531001CP 

TC514256AP/AJ/AZ 
TC514258AP/AJ/AZ 
TC514266API AJ/AZ 

256K TC515268AP/AJ/AZ 
TC524256P/J/Z 
TC524257P/J/Z 
TC521000P 

512K TC534000P 

TC511000AP/AJ/AZ TC514400J/Z 
1M TC511001AP/AJ/AZ TC514402J/Z 

TC511002AP/AJ/AZ TC514410J/Z 

TC51410OJ/Z 
4M TC514101J/Z 

TC514102J/Z 

MEMORY SELECTION GUIDE (4) - HIGH DENSITY PACKAGE 

Package SOJ ZIP SOG 

Pin 24 26/20 28 32 16 20(19 28 26 32 

TC511000AJ TC511000AZ 
TC511001AJ TC511 001 AZ 

Dynamic TC511002AJ TC511002AZ 
1M TC514256AJ TC514256AZ RAM TC514258AJ TC514256AZ 

TC514266AJ TC514266AZ 
TC514268AJ TC514268AZ 

4M TC514100J TC514100Z 
TC514101J TC514101Z 
TC514102J TC514102Z 
TC514400J TC514400Z 
TC514402J TC514402Z 
TC514410J TC514410Z 

TC5561J TC5568J TC5565AFL 
64K TC5562J 

TC5417J 

Static 72K TC5589J 
RAM 

256K TC5464J TC55465J TC55329J TC5256FL 
TC55328J TC55257AF~ 

1M TC518128FL 
(SRAM) TC551001F 

Mask 1M TC531000AF 

256K TMM24256AF/BF 
OTP TC54256AF 

512K TMM24512F/AF 

VRAM 1M TC524256J TC524256Z 
TC524257J TC524257Z 
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TOSHIBA 

TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES 

:;;t:: MROM TC534000 "" "" ..,. co ;;: ;;: 

MROM TC531001 ~ 

OTP TC541001 

:;;t:: 
EPROM TC571001 

~ co 
OTP TC541000 

EPROM TC571000 '" I~ '" I~ ~ z 

MROM TC531000 <C 
;;: 

~t::: OTP TMM24512/TC54512 t 
~ co 

'" EPROM TMM27512/TC57512 
() ..- co 

(1) I~ ~ I~ r- co '" ..- '" () < < :p < > « « 0 0 0 0 0 .., 
~ '"' . .... -"'" .... ~-"" = -"'" 

'" C;; 0 (1) ro r- eo '" ..- '" ij N 0 OJ to r-

'" $ ~ '" '" '" OJ 
~ ~ N 

~ 5 ~ to iO <i' '" & 5 5l <0 
~ ~ ~ ~ ~ ~ ~ ~ 

~ §i 
6' N '" <i' 

N '" ~ §; to ~ N ~ ¥ 15 iB" - N ~ 'f i6 r- oo -
'" N r- :p '" ~ ~ 

N < .f 0 0 N 0 

< < « « « 0 0 z 

" 
~t::: EPROM TMM27512/TC57512 
~ co 
en OTP TMM24512/TC54512 

MROM TC531000 

EPROM TC571000 
a. '" a. ;;: > 

:;;t:: 
OTP TC541000 

~ co 

• EPROM TC571001 

OTP TC54100 ' I~ 
MROM TC531001 '-' "" z ;;: 

:;;t:: MROM TC534000 ..,.co 
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TOSHIBA 

TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES 

::;0':: MROM TC531000 "' 
~ co <" 

~t:: 
OTP TMM24512/TC54512 

~ co 
EPROM TMM27512/TC57512 '" 
FEEPROM TC58257 

~t::: 
OTP TC54256/TMM24256 

'" co EPROM 
~ 

'" TC57256/TMM27256 « 

CRAM TC55257/TC55256 ;;; I~ ~ o~ 0" o~ 
~ 

0 0 

"">- H.S. SRAM TMM2089/TC5589 I~ 
N 

.'J' '" N 

I~ '" '" '"' "' = "'- on <" <" '" g '" ..... co u ~ "" 
g g 

"">- CRAM TC5563/65/TC5588 C> '" N 1£ <2;00 ~ ;r w ;;;; U 

"">- H.S. SRAM TMM2018 ~as 

u 
I~ I~ 

0 

I~ '" u Jf If < "- co ... '" > Cl Cl Cl Cl Cl 

-= .~ ~ ~ ~ 

to "- "' '" ... '" '" N 0 '" to "- '" '" '" '" '" '" '" ~ '" '" ;::. $- iB- ~ ~ VM N 
~ 

0 5) 10 '" ~ ~ ~ 

§ ~ 
6 N 

~~ ~ " ~ * § ~ ~ ~ 
~ N iIi ~ 

"- co ;r ... ~ N < .p 0 Q '" Cl 
« « « « Cl Cl Z 

CJ 

"">- H.S. SRAM TMM2018 ~co 

"'I- CRAM TC5563/65/TC5588 u • "'-"'co :z 

"'>- H.S. SRAM TMM2089/TC5589 '" '"' :t )£ :t ~ N '" '" 
N ~ ;;;; 

~co « « « "" <" « ~ g g ~ 

CRAM TC55257/TC55256 ~ 

<" 
EPROM TC57256/TMM27256 

~ 

~!:::: .g;-
'" co aTP TC54256/TMM24256 t '" 

FEEPROM TC58257 

EPROM TMM27512/TC57512 '" ~t::: <" 
~ co 

'" OTP TMM24512/TC54512 

::;;':: MROM TC531000 ~CO , , I , , I 
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TOSHIBA MOS MEMORY PRO,DUC~TS 
TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

DESCRIPTION 

The TC5ll000AP/AJ/AZ is the new generation dynamic RAM organized 1,048.576 words by 
1 bit. The TC5ll000AP/AJ/AZ 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 ~ddress inputs permit the TC5ll000AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP. 26/20 pin plastic SOJ ~nd 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available aut~ted testing and insertion equipment. System oriented features include 
single power supply of 5V±lO% tolerance. direct interfacing capability with high per
formance logic families such as Schottky TTL. 

FEATURES 

1,048,576 word by 1 bit organization 
• Fast access time and cvcle time 

" 
TC5l1000AF/AJ/AZ-70/60/10 

tP-AC RAS Access Time 70ns 80ns lOOns 

tM 
Column Address 35ns 40ns sOns Access Time 

tCAC CAS Access Time 20ns 20ns 25ns 
tRC Cvcle Time l30ns l50ns l80ns 

tpc Fast Page Hode 40ns 45ns 55ns Cycle Time 
0 S).ngle power supply of 5V:!lO% wl.th a bUl.lt

in VBB generator 

PIN CONNECTION 

Plastic DIP Plastic SOJ 
D!):~vss 

PIN NftJllES 
AO 'U A9 
RAS 
DIN 
DOUT 
CAS" 
WI'fE 
VCC 
VSS 
TF 
N.C. 

Vss 
Dam 
CAS 
A9 

"r.;;;;!o~ ~~5~7 
'IF 4 Z3 J~.C. 

l\,.C. 5 z: .AS 

AD ~ J.J3 

Al 010 ~f.7 JS.Ul }'6 
J.312 '.t-..5 

Vee.13 • A4-

Address Inputs 
Row Address Strobe 
Data In 
Data Out 
Column Address Strobe 
Read/Hrite Input 
Power (+5V) 
Ground 
Test Function 
No Connection 

Plastic ZIP 
AS -l:J [3 CAS Dour ~J 

I:n: ~: 

r.AE 7== 
}\. c. p=l 

A2 J~~J 
VOG 11~ 

A5 17] 
A7 lPJ 

~tl~~?E 
C:e TF 

)2 Pol 

;L;,IA3 

Ct6jA~ 
[lftJA6 
~~ AS 

Low PO\ver 
440mW HAX. Operating(TC511000AP/AJ/AZ-70) 
385mI' HAX. Operating(TC511000AP/AJ/AZ-80) 
330ml') ~lAX. Operating(TC511000AP/AJ/AZ-lO) 
5.5mW}lAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip sel"ection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Nodi£y-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh. Fast 
Page Node and Test Mode capability 

All inputs and output TT~ corep~tiblc 
512 refresh cycles/8ms 

• Package Plastic DIP: TC511000AP 
Plastic SOJ: TC5ll000AJ 
Plastic ZIP: TC5ll000AZ 

BLOCK DIAGIW1 

AO 
Al 
A2 
A3 
A4 

AS 
AS 
A7 

A5 

A9 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-aO 
TC511000AP/AJ/AZ-l0 

ABSOLUTE I1AXHiUI·1 RATING.s 
ITEM SYMBOL R.A.TING UNITS 

Input Voltage VIN -I'\, 7 V 
Test Function Input Voltage VIN(TF) -1'\,10.5 V 
Output Voltage VOUT -I'\, 7 V 
Power Supply Voltage VCC -I'\, 7 V 
Operating Temperature TOPR O'\, 70 CC 
Storage Temperature TSTG -55'\, 150 Cc 
Soldering Temperature' Time TSOLDER 260· 10 C C • sec 
Power Dissipation Po 600 rnh7 
Short Circuit Output Current lOUT 50 rnA 

RECOt·1MENDED DC OPERATING CONDITIONS (Ta=O'\, 70CC) 
SYMBOL PARAI'1ETER MIN. TYP. HAX. 
VCC Supply Voltage 4.5 5.0 5.5 
VIH 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 
VIL(TF) Test Disable Input Low Voltage -1.0 - VCC+1. 0 

DC ELECTRI CAL CHARACTER I STI CS (VCc=5V±10%, Ta=O'\, 70 CC) 
SYMBOL PARAMETER 

OPERATING CURRENT 'IC511000AIYAJ/AZ-70 

ICCI Average POv1er Supply Operating Current 'IC511000AIYAJ/AZ-8:) 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) 'IC5l1000AIYAJ/AZ-1O 
STANDBY CURRENT 

ICC2 Power Supply Standby Current 
(RAS=CAS=VIH) 
~ 01~Y REFRESH CURRENT 'IC511000AIYAJ/AZ-7Q 

ICC3 Average Power Supply Current, RAS Only Mode 'IC511000AIYAJ/AZ -8:) 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 'IC51lCOOAIYAJ/AZ-1O 
FAST PAGE MODE CURRENT 'IC5llOOOAIYAJ/AZ-7Q 

ICC4 Average Pm,'er Supply Current, Fast Page Uode 'IC51100QAl'0J/AZ-8:) 

(RAS=Vn, CAS, Address Cycling: tPC=tpc MIN.') 'IC51100OAlYAJ/AZ-1O 

STANDBY CURRENT 

ICC5 Power Supply Standby Current 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT 'IC511000AlYAJ/AZ-70 

ICC6 Average Power Supply Current, CAS Before 'IC511000A!YAJ/AZ -8:) 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN:) 'IC51100OAlYAJ/AZ-1O 

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) ~ VCC+O. 5V, 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~ VIN(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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UNIT NOTES 
V 2 
V 2 
V 2 
V 2 
V 2 

MIN. HAX. UNITS NOTES 
- 80 

70 rnA 3,4 
- 60 

- 2 rnA 

- 80 
- 70 rnA 3 
- 60 
- 60 
- 50 rnA 3,4 
- 40 

- 1 rnA 

- 80 
- 70 rnA 3 
- 60 

-10 10 lJA 

-10 10 IJA 

-10 10 IJA 

- 1 rnA 

2.4 - V 

- 0.4 V 



TC5110DOAP/AJ/AZ-70, TC511000AP/AJ/AZ .. aO 
TC511000AP/AJ/AZ .. I0 

ELECTRICAL CHARACTERISTICS AND RECOt·1t·1ENDED AC OPERATING CONDITIONS 

(VCC=5V:':10%, Ta=0"C70·C)(Notes 5,6,7) 

TC511000AP/ TC511000AP / TC511 OOOAP / 
SYl1BOL P AR.At1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT NOTES 

MIl\'. 1·1AX. I MIN. ~lAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - I ns 
t RHC Read-Write Cycle Time 155 - 175 - 210 - ns 

tpc Fast Page ~lode Cycle Time 40 - 45 - 55 - I ns 

tpRWC Fast Page Mode Read-Write Cycle 
65 - 70 - 85 - ns 

Time 
tRAC Access Time from RAS - 70 - 80 - 100 ns 18,13 
tCAC Access Time froD CAS - 20 - 20 - 25 ns 8,13 

tM IAccess Time from Column Address - 35 - 40 - I 50 ns 8,14 

tCPA Access Time from CAS Precharge - 35 - 40 - 50 ns 8 

tCLZ CAS to Output in Lo\"-Z 0 - 0 - 0 - ns 8 

tOFF Output Buff er Turn-of f Delay 0 20 0 20 0 20 ns 9 

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

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse Width I 70 10,000 80 10,000 100 10,000 ns I 

tRASP RAS Pulse Width (Fast Page ~lod e) 70 100,000 80 100,000 100 r 1OO ,000 ns 

t RSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse h'idth 20 10,0001 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

RAS to Column Address Delay I 

[14 tRAD 
Time 15 35 15 40 20 50 ns 

tCRP CAS to RAS Precharge Time 5 - I 5 - 5 - ns 

tcp CAS Precharge Time 
10 - 10 - 10 - ns 

(Fast Page Mode) I 

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

tRAB Row Address Hold Time 10 - 10 - I 15 - ns 

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

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR Column Address Hold Time 
referenced to RAS 55 - 60 - 75 - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 

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

tRCE Read Command Hold Time 0 - 0 - 0 - ns 10 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-aO 
TC511000AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC511000AP/ TC511 OOOAP / TC511000AP/ 

SYMBOL PARM1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-lO UNITS 
MIN. MAX. I MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 0 0 RAS - - - ns 
ref erenced to 

t"CH \hi te Command Hold Time 15 - 15 - 20 - ns 

t"CR 
\~rite Command Hold Time 

55 60 75 referenced RAS - - - ns to 

twp "rite Command Pulse Width 15 - 15 - 20 - ns 

tR\\JL 
Write Command to RAS Lead 20 - 20 - 25 - ns Time 

Write Command to CAS Lead 20 - 20 - 25 - ns tC\\JL Time 

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

tDH Data Hold Time 15 - 15 - 20 - ns 

tDHR Data Hold Time referenced to 55 -
I 

60 - 75 - ns 
RAS 

tREF Refresh Period - I 8 - 8 I - 8 rns 

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

tCWD CAS to WRITE Delay Time 20 - 20 - 25 - ns 

tRWD RAS to WRITE Delay Time 70 - I 80 - 100 - I ns 

tAWD 
Column Address to WRITE Delay 

35 40 
I 

50 - - - ns 
Time 

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

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

30 - 30 - ns 

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

tCPT CAS Precharge Time (CAS be- 40 -
I 

40 - 50 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

tTES 
Test ~lode Enable Set-Up Time 

0 - 0 -
I 

0 - ns referenced to RAS 
Test Mode Enable Hold Time 

tTEHR referenced to RAS 0 - 0 - 0 - ns 

t TEHC 
Test Mode Enable Hold Time 
referenced to CAS 0 - 0 - (] - ns 

CAPACITANCE (Vcc=5V+IO%, f=UlHz, Ta=O '" 70°C) -
SYHBOL P~lETER MIN. ~.AX. UNIT 
Cn Input Capacitance (AO 'U A9, DIN) - 5 

C12 Input Capacitance (RAS, CS, WRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 
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NOTES: 

TC511000AP1AJ1AZ\070, TC511000AP1AJ1AZ\080 
TC511000AP1AJ1AZ\010 

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' I CC3 ' I CC4 ' ICC6 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]Js is required after power-up followed by 3 R.;S 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. }Jeasured with a load equivalent to 2 TTL loads and 100pF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit con
dition 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-write cycles. 

12. twcs, tRl,~, tCWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tl·iCS;; twcs 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycle; If tR\JD~tR\ID(min.), 
tC\,~ ~ tClm(min.) and tA"m ~ tAh'D(min.), the cycle is a read-vrite 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 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' 
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TC51 tI88AP/AJ/AZ-78, TC&11M8AP/AJ/AZ-88 
TC511800AP/AJ/AZ-l0 

THlING HAVEFOR~lS 

READ CYCLE 

vIE 
RAS 

vIL 

CAS 
VIH 

VIL 

VIH 
AO-A9 

VLL 

WRITE 
VIH 

VLL 

DoUT 
VOH 

VOL 

tRC 

tRP 

tRAS 

tcsH 

tCRP tRCD 
tRSH 

tCRP 

tAR 

tRAD tRAL 

t ~ t ASC tCAH 

tRCH 

RCS tRRH 

tCAC 

tAA 

tCLZ 

tRAC tOFF 

OPEN VALID DATA 

~: "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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hJRITE CYCLE 

vIii 
RAS 

~lI 1 

VI;; 
CAS 

VIL 

VIii 
AO-A~ 

\' IL 

(EARLY I·JRITE) 

~-
! . 

I I 

=J I 
I 
I 

I 
I 

thSR i 
i I I 

=~ ROW 

TC611000AP/AJ/AZ-78,f;C511I11AP/AJ/AZ-.8 
TC511000AP/AJ/AZ-lfJ 

_COL-,--UY.N _Wffi///&JI/ffiWmWZZ 
I tC\\1.. 

VALID DATA 

OPEN 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511000AP/AJ/AZ-78, TC511000AP/AJ/AZ-a8 
TC511080AP/AJ/AZ-10 

READ-WRITE CYCLE 

"V.'RffE 
VIH 

VIL 

VIH 
DIN 

VIL 

DoUT 

'tRWC 

VALID DATA 

OPEN VALID DATA 

~ : "Hit or ilL" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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lC511000AP/AJ/AZ"70, lC511000AP/AJ/AZ"80 
lC511000AP/AJIAZ-l0 

FAST PAGE MODE READ CYCLE 

rtJ,.S 

CAS 

AO-A9 

WRITE 

tRp 

VIH -

h 
tRASP 

V1L 

VIl, 

V1L 

VIH 

VIL 

VI" 

VI~ 

VCH 

-

lOOSH TpC 

teR? I 'RCD 
I 

10 1-.F, 

~ ~'\J._:';I 
I I ! 

-;1 

-~ 

tHAD 

"ROS, 
i I 

lZ22: 11HI! or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test ~lode" is not used. 
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YC511000AP/AJ/AZ-70, YC511000AP/AJ/AZ-aO 
YC511 OODAP / AJ/ AZ-1 0 

FAST PAGE MODE 1v1UTE CYCLE (EARLY l·mITE) 

WRITE 

DIN 

V1H _---"L cRASP 
~----------------------------------------~ 

vIL -

VI H _-==t;::=H------------l:-\ 
VIL -

VIH -

VIL -

VIH -

VIL -

VOH -

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

l7LZ): UHf! or ilL" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP / AJ/ AZ-l 0 

FAST PAGE MODE READ-WRITE CYCLE 

VIH -
RAS 

VIL -

vIR 
CAS 

-
VIL -

AO-A9 

DOUT 

I. tRASP 
I 

I 
'tChl'! I tW;D 

r, 

\U...L..I-'-"-I "")::,,--""1 "-'-"-"-,'-'-'-.JJ 

I I ,"C12 ~Z 
I I ItcAI tCAC 

I. t f .;..! I tu. 

t---:---==--+--I 

Em: "H" or ilL" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511000AP/AJ/AZ.;70, TC511000AP/AJ1AZ-88 
TC511000AP/AJ/AZ-l0 

[AS ONLY REFRESH CYCLE 

------- OPEN --------

fm : "H" or ilL" 

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

"TF" pin should be connected to VIL(TF) level or open, if 
"Test ?:lode" is not used. 
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TC5l1000APIAJIAZ·78, TC511000APIAJIAZ·88 
TC511000APIAJIAl·l0 

CAS BEFORE RAS REFRESH CYCLE 

RAS 

CAS 

DOU! 

tRC 

k v1H-~ tRAS 

v 1L --
"tRPC 

I~ tCPN 
tCHR 

vIH --

vIL -

VOH - -----:i-
Ir-----~-------- OPEN 

vOL ------=f 

~ : "H" or "LII 

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

"TF" pin should be connected to V1L(TF) level or open, if 
"Test Mode" is not used. 
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TC511080AP/A.I/AZ-18, TC511081AP/A.I/AZ-8I 
TC511I11AP/Ad/AZ-18 

HIDDEN REFRESH CYCLE (READ) 

VIa 
AO-A9 

VIL 

VIa 
WRITE 

VIL 

fZZJ : "H" or "L II 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511008AP/Ad/AZ~7., TC&11000AP/Ad/AZ.f8 
TC511_AP/AJ/Al-l0 ' 

HIDDEN REFRESH CYCLE (WRITE) 

VOR -
Docr; ------- OPEN 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

CAS BEFORE ]AS REFRESH COl~TER TEST CYCLE 

READ-WRITE CYCLE 

. OUT V T 
o~ -fD. vOE-
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TEST t'10DE 

fC511000AP/AJ/AZ-10, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

The TC511000AP / AJ / AZ is the R."J.! organized 1,048,576 words by 1 bi t, it is inter

nally organized 262,144 words by 4 bits. In "Test Hade", data is written into 

a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 

reading, all bits are equal (all "H" or "L"), the data output pin indicates a same 

data as all bits. In this case, the data output pin indicates an expected data for 

good parts, the data output pin indicates a complementary data for bad parts. And 

also, if any of the bits differed, the data output pin would indicate a high impedance 

state for bad parts. Fig.l shows the block diagram of TC511000AP!AJ!AZ including its 

truth table when "Test Mode" is used. 

In test mode, I~IDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An,Am 
.------0 

Nch 

Nch 

TF Pin=Super voltage; Test Mode 
TF Pin=VI1(TF) level or High-Z; Normal 

Truth Table in Test Mode Function 

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

Otherwise Hi-Z 

Fig. I 

- A-19 -



TC511000AP/Ad/AZ-70, TC511 OOOAP/Ad/AZ-80 
TC511000AP/Ad/AZ-IO 

"Test Hode" function is performed on any of the timing cycles including fast 

page mode when "TF" pin is held on "super voltage (VCC+4.5V(VCC=5V±lO%), max. 

voltage=lO.5V)" for the specified period (tTES ' tTEHR a~d t TEHC ; see Fig. 2). 

The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 

VIL(TF) level, or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 

VIH 
RAS vIL 1\ / 

VIH 
CAS 

VIL A tTEHC (0 DS 

VIH(TF) 
TF 

VIL(TF) 

~ (0 ne) tTEHR(O ne) 

~ \ 

Fig.2 Test Mode Cycle 
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TC511000AP1AJ/AZ-70, TC511000AP/AJ/AZ-aO 
TC511000AP/AJ/AZ-l0 

OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mrn 

18 17 16 15 14 1:3 12 11 10 

1 0-15° 

Note: Each lead pitch is 2.S4mm. 

All leads are located within O.2Smrn of their true longitudinal position 

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

All dimensions are in millimeters. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

• Plastic SOJ 

17.02 - 17.27 

I'~~"u uu~1 Donno DDDD 

--+--1 -
INDEX DOT 

1 :0 :> ,. 5 910111213 

I I 0.66-0.81 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

I 
o 

"' '"' 
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lC511000AP/AJlAZ-70, lC511GOOAP/AJ/AZ~80 
lC511000AP/AJ/AZ-l0 

• Plastic ZIP 

Unit in mm 

1~~ ____ 2_0.3_~_X· ______ ~.1 '0 MAX 

~. 

INDEX DOT 

>< 
N 
d «: +I ::;; 

'" 
"l 

"1 
co 

0 
.... 

~ ~ 
i 
H 
::;; 
0 

·11. O.5±O~ 1.27 TYP. 

::::-
o.25-:~g6 

1.27 TYP. 

2.54 TYP. 
1 3 5 7 9 11 13 15 17 19 

2 4 6 8 12 14 15 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

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

circuitry. 
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TC511000AP/AJ/AZ-70, TC511080AP/AJ/AZ-88 
TC511000AP/AJ/AZ-l0 
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TC511000APUAJUAZL-70, TC511000APVAJUAZL-80 
TC511000APUAJUAZL-l0 

DESCRIPTION 

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 
1,040,576 words by 1 bits. The TC511000APL/AJL/AZL 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 TC511000APL/AJL/AZL 
to be packaged in a standard 18 pin plastic DIP, 26/20 pjn plastic SOJ 
and 20/19 pin plastic ZIP. The packag& 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 per
formance logic families such as Schottky TTL. 

FEATURES 

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

TCSIIOOOAPL/AJL/AZL-70/80/10 
tRAC RAS Access Time 70ns 80ns lOOns 

tM 
Column Address 35ns 40ns SOns 
Access Time 

tCAC CAS Access Time 20ns 20ns 25ns 
tRC Cycle Time 130ns l50ns l80ns 

tpc Fast Page Hode 40ns 45ns 55ns Cycle Time . • SLngle power supply of 5V±10% wLth a bULlt
in VBB generator 

PIN CONNECTION 

Plastic DIP Plastic SOJ 
"ISS 

C>:!.71' 

CZ 
A9 

A8 

A7 

A6 

A5 

N.C. 

Al 
A2 
A3 

'--_---'A4. 
vee 

AO '" A9 Address Inputs 
RE Row Address Strobe 
DIN Data In 
DOUT Data Out 
CAs- Column Address Strobe 
mrrrr Read/I,rite Input 
VCC Power (+5V) 
VSS Ground 
TF Test Function 
N.C. No Connection 

)]: Al 

[¥ A.3 

[.is A4 

Lls A6 

:~ A8 

Low POI~er 

44OmI, ~!AX. Operating(TC511000APL/AJL/AZL-70 
385mH HAX. Operating(TC511000APL/AJL/AZL-80 
330mH HAX. Operating(TC511000APL/AJL/AZL-IO 
1. 1ml, HAX. Standby 

• Output unlatched at cycle end allol~s 
tl~o-dimensional chip selection 

• Common I/O capability using "EARLY \,RITE" 
operation 

Read-Hodify-Hrite, CAS before RAS refresh, 
RAS-only refresh, Hidd"en refresh, Fast 
Page Hode and Test Hode capability 

• All inputs and outputs TTL co~patible 
512 refresh cycles/64ms 

• Package Plastic DIP: TC511000APL 
Plastic SOJ: TC511000AJL 
Plastic ZIP: TC511000AZL 

BLOCK DIAGRAN 
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TC511000APUAJUAZL-l0, TC511000APUAJUAZL-80 
TC511000APUAJUAZL-IO 

ABSOLUTE HAXIMUH RATINGS 
ITEM I SYHBOL I RATING I UNITS I NOTES 

Input Voltage VIN +, .. 7 ! V 1 
Test Function Input Voltage VIN (TF) +' .. 10.5 I V 1 
OUtput Vo I tage VOUT -1 ...... 7 V 1 
Power Supply Voltage vcc -1 ...... 7 V 1 
Operating Temperature TOPR 0 ...... 70 -C 1 
Storage Temperature TSTG -55 ...... 150 I -C 1 
Soldering Temperature • Til!!e TSOlDER 260 • 10 I 'C • sec 1 
Power Dissipation PO I 600 rnW 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOHHENDED DC OPERATING CONDITIONS (Ta=O~70-Cl 
SYMBOL I PARAMETER HIN. TYP. I HAX. UNIT 

Vce Supp I y Vo I tage 4.5 5.0 I 5.5 V 
VIH Input High Voltage 2.4 - I 6.S V 
VIL Input Low Voltage -1.0 I - I 0.8 V 
VHlCTFl Test Enable Inout High Voltaoe Vcc+4. S I - I 10. S V 
VIL(Tf) ,Test Disable Input Low Voltage -1.0 - I Vee+1.0 V 

DC ELECTRICAL CHARACTERISTICS (Vec=5V+10% Ta=O ...... 70-Cl 

NOTES 
2 
2 
2 
2 
2 

SYHBOl I PAR~.HETER I HIN. I HAX. I OPERATING CURRENT I TC511000APL/AJUAZL -·70 - 80 
Iec1 Average Power Supply Operating CUrrent I TC511000APL/AJL/AZL-80 I - 701 

I (MS, CAS, Address Gyci ing: rRC=tRc HIN.) I TCS11000APL/AJL/AZHO I - 601 
I STANDBY CURRENT 

Icc2 Power Supply Standby CUrrent - 2 
(RAS=CAS=VIHl 
HAS ONLY REFRESH CURRENT I TC511000APUAJL/AZL -70 - 80 

Icc3 Average Power Supply CUrrent, RAS Only Hode I TC511000APLlAJL/AZL -80 - 70 
(RAS Cycling, CAS=VIH: tRC=tRC HIN.) I TC511000APL/AJL/AZL-10 - 60 
FAST PAGE MODE CURRENT I TC511000APLlAJL/AZL -70 - 60 

Iec4 Average Power Supply Current, Fast Page Hode I TC511000APUAJL/AZL-80 I - 50 
(lV\'S=VIL CAS Address Cvel ing: tPC=tPC HIN. 1 I TCS11000APLlAJLlAZL-10 - 40 
STANDBY CURRENT 

! I Iec5 Power Supply Standby Current - 200 
(RAS=CAS=Vcc-0.2V) 
~ BEFORE RAS REFRESH CURRENT I TC511000APL/AJLlAZL-70 - 80 

IccS Average Power Supply CUrrent, CAS Before I TC511000APL/AJL/AZL-80 - 70 
RAS Hode (RAS, CAS Cycling: tRC=tRC HIN.) I TC511000APL/AJLlAZL -10 - i 60 I BATTERY BACK UP CURRENT 

-1 200 

Average Power Supply CUrrent, BATTERY BACK UP HODE 
, 

Icc7 I (CAS=CAS Before liAS Cycling or 0.2V, WRITE=Vcc-0.2V or 0.2V, AO ~9= 

I 
! 

Vcc-0.2V or 0.2V, DIN=Vcc-0.2V, 0.2V or OPEN: I 

tRC= 12S.us. tRAS=tR~S HIN ....... 1.us) I i 
I INPUT LEAKAGE CURRENT (any input except TF) I 

!I(L) I Input LeaKage CUrrent, any input (OV;;:;VIN ;;:; 6. SV, All Other Pins Not -10 10 I 
Under Test=OV) 

IITF(l) I INPUT lEAKAGF CURRE.NT (on!y Tf) 
I (OV :;;;VIN(Tf) :;;;Vcc+O.SV All Other Pins Not Under Test=OV) I -10 I 10 i I OUTPUT LEAKAGE CURRENT I 

IO(L) (Dout is d i sab led. 0'1 :;;;VOUT:;;; S. SV) -10 10 I 
ITF I TEST FUNCTION INPUT CURRENT 

I (Vcc+4. SV :;;;VIN(Tf) ::;;; 10. SV) ! - I 1 I 
VOII ! OUTPUT LEVE L 

I Output "H" Level Voltage (IOUT=-Sm.~) I 2.4 - I 
! OUTPUT LEVEL I I I 

VOL IOUtDut "L" Level Voltaoe (IOUT=4.2mAl ! 0.4 i 
---
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TC511000APL/AJV/All-78, TC511000APUAJL/.All..aO 
TC511 080APL/ AJLI All-1 0 

ELECTRICAL CHARACTERISTICS ANDRECor·1t·1ENDED AC OPERATING CONDITIONS 

(VCC-5V::lO%, Ta=0"'70·C)(~otes 5,6,7) 

S~BOLI 
TCSII000APL/ TC511000APL/ TC511000APLI 

PARA.':!ETER AJL/AZL-70 AJL/AZL-60 AJL/AZL-I0 LCl'IT ~OTES 
MI~. !1A..'{ • ~IIN • }iAX. MIN. ~IAX. 

tRC Random Read or l~ri~ Cycle Ti.cIe 130 - 150 - 180 - I ns 

tRwc Read-Write Cycle Ti.cIe 155 - 175 - 210 - ! ns 

tpc Fast Page ~Iode Cycle Ti.cIe 40 - 45 - 55 - ns 

tpRWC Fast Page. ~lode Read-Write Cycle 
65 - 70 - 85 - ns 

Time 
tRAC Access Ti.cIe from RAS - 70 - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tM Access Time from Column Address' - 35 - 40 - 50 ns 8,14 

tCPA Access Tine from CAS Precharge - 35. - 40 - 50 ns 8 

tCLZ ~ to Output in Low-Z 0 - 0 - 0 - I ns 8 

tOFF Output Buffer Turn-off Delay 0 20 ° 20 0 20 ns 9 

. tr Transition Ti.cIe (Rise and Fall) 3 50 3 I 50 3 50 ns 7 

tRP ~ Precharge Tioe 50 - 60 - 70 I - ns 

tRAS RAS Pulse indth iO 10,000 80 I 10,000 100 10,000 ns I 
I 

tRASP RAS Pulse t,id th (Fast Page }lode) 70 lOQ,OOO I 80 100,000 100 100,000 ns I 
t RSH RAS Hold Tine 20 - 20 - 25 I - I ns I 
tCSH CAS Hold Time 70 - 80 - 100 - ns I 
tCAS CAS Pulse tndth 20 10,000 20 10,000 25 10,000 ! ns f 
tRCD RAS to CAS Delay Tioe 20 50 I 20 60 I 25 75 I ns 113 

t:lID RAS to Coluon Address Delay 

I 114 Ti.cIe 15 35 15 40 20 50 ns 

tCRP CAS to R.~S Precharge Tine 5 - 5 - 5 - I ns 

tcp CAS Precharge Tine 
(Fast Page ~lode) 10 - 10 - 10 - I ns 

tASR Row Address Set-Up Tioe 0 - 0 - 0 I - ns 
tRA.'! Row Address Hold Tioe 10 I - 10 - 15 I - I ns I 
tAse Column Address Set-Up Tine 0 - 0 - 0 - I ns 

tCAR ColUI:m Address Hold Ti.cIe 15 - 15 - 20 - I ns 

tAR Coluon Address Hold Tioe 
referenced to ~ 55 - 60 - 75 - ns 

tRAL Coluon Address to :l;S Lead Tioe 35 - 40 - 50 I - I ns 
tRCS Read Co=and Set-Up Tioe 0 - I 0 - ° - ns 
tRCP. Read Cocnand Hold Tioe 0 - 0 - 0 - ns 10 
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TC511010APl/AJl/AZL-70, TC511000APl/AJl/AZL-aO 
TC511000APL/AJL/AZ~10 

ELECTRICAL CHARACTERISTICS AND RECQi.1t-1ENDED AC OPERATING CONDITIONS (Continued) 

ST.-lEOL I TCSIIOOOAPL/ITCSIIOOOAPLI TC51l000APLI 

P .:\RA:-!ETER AJL/AZL-70 ,AJL/AZL-80 A.1L/AZL-IO U:-;ITS 
I ~IU. ~!.~'{. I :11~, ~o\..'{, I ~!I~. ~L~,{, 

tRRR IRead Cocmand Hold Tice 0 - I 0 I - 0 - I ns 
referenced to ~o\S 

t\KH Write Co~and Hold Time 15 - 15 - 20 I -' ns 

tl~CR 
l,rite Cocmand Hold Tice 55 - 60 I 75 referenced to ~ - - ns 

tt,P t.rite COllll!land Pulse Width 15 - 15 I - 20 - I ns 

tRl,TL Write COllll!land to ~ Lead 20 - 20 - 25 - ns 
Tice 

t'ri t e COllll!land to CAS Lead 20 - 20 - 25 - ns tc,,TL Time 

tDS Data Set-Up Tice 0 - 0 i - I 0 - ns 

tDH Data Hold Ti::!e 15 - 15 I - 20 - ns 

tDRR Data Hold Tice referenced to 55 60 75 -!AS" - - ns 

tREF Refresh 'Period - 64 - I 64 - 64 !:IS 

twcs lJrite Co=and Set-Up Tice 0 - 0 - I 0 - ns 

tCw'D CAS to w~ITE Delay Time 20 . 20 - 25 - ns 
t Rlro RAS to I.RITE Delay Time 70 - 80 - 100 - ns 

tAtVI> 
Column Address to ~ Delay 

35 - 40 - SO -Time ns 

tCSR CAS Set-Up Time 10 - 10 - 10 - I ns 
(CAS before ill Cvc1e) 

tCF.R CAS Hold Ti!:!e 30 - 30 
I 

- I 30 - ns 
(CAS" before m Cycle) 

tapc RAS to CAS Precharge Tice 0 - I 0 - 0 - ns 

tCPT CAS Precharge Tice (m be- 40 - 40 - 50 - ns 
fore RAS Counter Test Cycle) 

tcp~ CAS Precharge Time 10 - 10 - 15 - ns 

tTES 
Test ~Iode Enable Set-Up Time 

0 I 0 I 0 I referenced to RIS - - - ns 

tTERR 
Test ~Iode Enable Ro1d T1=1e 

0 referenced to RAS 0 - 0 - - ns 

t TEEC Test Node Enable Rold Tice I referenced to CAS 0 - 0 - 0 - ns 

C'PACITM'ce (V -V 107. - l"u T 0 70·C) 1'\ l "- 'CC";) - " r= .... :.z , a= '" S\:130L I PARA~!ETER ~m;. I ~IAX. I U:-;IT 
Cn I Ir:put Capacitance (AO '" A9, DIX) - I 5 
CI2 I Input Capacitance (iL~S , CS, 1.~ITE, 'IT) - I 7 pF 
Co I Output Capacitance (Dour) - I i 
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TC5l1DDDAPL/Adl/AZL-70, .TC511008APL/AdL/AZL-80 
TC511QOOAPlIAdllAZL-l0 

NOTES: 

1. Stresses greater than those listed under "Absolute ~!axicuc Ratings" may cause 
pe~anent damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCI. ICC3' I CC4. ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values 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 miniouc of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measur~ents assuce tT=5ns. 

7. VIH(cin.) and VII;(max.) are reference levels for measuring timing of input 
signals. Also. transition times are measured between VIH and VIL'· 

8. Xeasured with a load equivalent to 2 TTL loads and lOOpF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit con
dition and is not referenced to out?ut voltage levels. 

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

11. These ~arameters are referenced to CAS leading edge in early write cycles and 
to WRIh leading edge in read-write cycles. 

12. twCS. tRIVD' tCIVD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If q;cs ~ twcs 
(min.). the cycle is an early ,virte cycle and data out pin ,viII r~ain open 
circuit (high impedance) through the entire cycle; If tRIm;; tRIID (min.). 
tCliD ~ tCIVD (min.) and tAIID ~ tAlm(min.). the cycle is a read-,vrite 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 tRCD(max.) limit insures that tRAc(max.) can be met. 
tRCD(oax.) 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(oax.) limit insures that tRAc(max.) can be met. 
tR.-\D(cax.) is specified as a reference point only: If tRAIl is greater than "the 
specified tRAD(max.) licit, then access tioe is controlled by t&~. 
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TC511 OOOAPL/ AJL/ All-70, TC511 OOOAPL/ AJL/ All-ao 
TC511000APL/AJL/All-l0 

nr·IING !·JAVEFORI·1S 

READ CYCLE 

t",c 

I ~' __ t~RP __ ~ 
~ ::: _ j\l:<-' ____ t_RAs ___ ---"!M l\-

i ' tess I ~ I t RSH 
'tC?.P; I I tRCD i tCRP 

i ~ 1\\£ teAS { 
t,~" I I , 

I 

I II I,...--~~' I 
AO-A9 ~~~=?Z&I RC<V }@{ COLU~:I Wtl/////II// @/III1//!/!//!~ 

I I I '?.A:l , t"_~L i 

I tR),H I W I I 
I 

t~ ~~, I t:AH 

L~ I I I I I I 

I I I I "?C:-i 

: ,t RCS I ItR?.E i 
~ :~: =111/1///////1//11/////1 I tCAC j,. 

I t,~J 
I ":CLZ I , 

t;:AC I I I "c:? , 

-------~---VA-LI:l-:l-A:-A~$r----OPEY 

~: "H" or ilL" 

~OTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test ~!ode" is not used. 
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TC5110QOAPL/AJUAlL-70, TC511000APL/AJUAZL-a8 
TC511000APUAJUAZ~10 

I;RITE CYCLE (EARLY WRITE) 

I I~===:=~?==~I 
:;: _---,;.!'i----tP-:AS----f Lj 

II t!\CD tPllS I I 
111 tcss I I ~ 

=t=C?,:?:±~ ~+-____ -::h' """"I I 1, I 

::: -J II I l\~X=----1:cAS ______ L --;------J! 
tA..~ I I 

COLUU!/ 

! t;C"NL I 

1:71? 

VALID tA:A 

----------- OPE!I 

f/ //.1 : "H" or "L" 

~OTE: "TF" pin should be connected to VIL(TF) level or ope.'l, if 
"Test Hode" is not used. 
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TC511000APUAJUAZL-70, TC511000APUAJUAZL-80 
TC511000APUAJUAZL-l0 

RL~-WRITE CYCLE 

I 

1 '~.==~=:\?==~ 
:~: =----::<N------~..:..:.A..;.:..S-----1 L 

! "RSE! 
t~~~ I ~.~CD I tD~ ,_tC:~ ::: =-.1 I ;--:1 -~-t\----ii "~Asi, ""~I ~' ----::l!:/t,...---' -

I ~I~G-SH ~t--:--I -, I 
~_t~A3...:.-1 --+-' ____"' ~ 

~:;) ! D I I t :"-~L I ! I 

~AS:\! !t?_,,:!, tAsc I I ~CA;; il, 
AO-A9 ::: =?2X "R:-}W{ COL~,W W1//jd///////;!//!«~!//?/I/l~ 

, I ' I !t~ 7iD I I : 

'I· t3.7iD! t~7ffi 11 I' 
I I I ' 

",no ::: = I;/,/$/; II///; I l,",' I ~ W/I////i//ji/;j;'I/N/;, 
I I t DS ; !! t~H , I 

71: 

Dr:1 VIL =IJ/////I///;/IJ;//!////I!//!///i; I "ALID DATA! //////////;////1//// 
r I I tCAC ' I 

I ;,~, '"'I I "''' I I 

I VNI· .. I ~". --- O?E!l --';""""Xi.U\ ".UD DA ':A .J->----

~CLZ I I ' ; 
I I 

t%11 : "H" or "L" 

::;'OTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test ~!ode" is not used. 
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TC51100IAPUAJUAZL-70, TC511000APUA.JIIAZL-80 
TC511000APUAJUAZ~10 

FAST PAGE MODE RL~ CYCLE 

W 
VI:; 

Vr~ -

~ !~ -
CAS 

VIL -

I\t t:p.A.SP 

I t~SE 

I ~cAsl ! tcp ! 
':?C 

I 

'to?? I I t:;tCD 
I . 

I 

i 

~ .'_'\ 

i i ! I 
i I It?CSi "~C') I! r It :.CS 
I (I' • f . I 

'I 'V lif i ,V/ if I i 
Y/. I :CAC,; I Y >~C ~ I 

, I tAA :1' "U' '; 
j I I I 

! t-:; ?A I 11 "C' ?J 

: I 't~:"2 I 
II 

Vi /,1: "R" or "L" 

~OTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Hode" is not used. 
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TC511GOOAPL/ AJL/ AZl-70, TC511 OOOAPL/ AJU Alt-aO 
TC511000APL/AJUAZ~10 

FAST PAGE :!ODE t-iRITE CYCLE (EARLY t-lRITE) 

VOli -

V~H. -
---------------------- O?EDI 

fZZ2J: "H" or "L" 

XOT!: "IT" pin should be connected to VIL(TF) level or open, if 
"Test :Iode" is not used. 
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TC51t OQOAPUA.tU All-71, . Tell 1 008APL/Ul/ AZl-81 . . . 

TC5ll000APUAJUAZl-l0 

FAST PAGE }!ODE READ-w'RITE CYCLE 

'IIL -

_______________ t~~=.s~P------------___ J.' ~ 

I 
! 

V·!a ---=--:-:-----:~ 
e;.s \ r--==--i 

V I a - -:-rt""1""'J'"":"7""ri'":""!"7"'l"'7"':"!i=-:-'----:---:i.: 
",'1lU:", I 

VI!. -'-'-'-:...:....;...~~......, 

: i-c:.;c 
t.tT1 

-:,,_,,6 ! I 
'lea -

VOL -
--------\i 

VilA: "H" or "L" 

~OTE: "TF" pin should be connected to V1L(TF) level or open, if 
"Test ~!ode" is not used. 
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TC511000APLlAJLlAZ~70, TC511000APL/AJLlAZ~80 
TC511 OOOAPLI AJLI AZL-l 0 

RIS OXLY REFRESH CYCLE 

j 

r t::<.AS 

JO 
I 

v:~ _ 

tc~1 't;:.pc I 

H I :-=J 
J \J 

tAsRI i t::_~q 
I 

I I 

AO-Ad ::: =1&1+ R017 !fII1111111/11I11/1I111111/1111I111111/111111111 /II/; 

V~L -
------- O?=::I --------

tZZJ : "H" or "L" 

~OTE: WRf'fE="H" or "L" A9="H" or "L" 

"TF" pin should be connected to VIL(TF) level or open, if 
"Test ~!ode" is not used 0 
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'fCll1008APl/AJL/AZL-l0, TC51,1000ARLJAJLlAZl-80 
TC511000APL/AJL/AZL-l0 ~} \' .. "\ \ «.i\>l~~l(~f . ':~;:"i' 

ITS BEFORE RXS REFRESH CYCLE 

]AS 
'VIE -

·~r: "H" or "L" 

NOTE: WRiTE-"H" Or "L", AO'" A9 ... "H" or "L" 

"TI" pin should be connected to VIL(TF) level or open, if 
"Test ~lode" is not used. 
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-a8 
TC511000APL/AJL/AZL-l0 

HIDD~ REFRESH CYCLE (READ) 

?E vI" 

"n. -

crs vIH 

'In. -

~RC I 

I ':lP .! 
I~ 

~RAS 

Y \t 
t,,_~s I 

JI I 

~RCD ~, ~R~" 
'oJ ~ .... 

.J 1\ .~" y 
II~~_~L i 

I 

~"_~D I 
I 

. 
I --1 

~ ___ '_~L_!D_U_ll ______ ~}---
I 

I I 

VI fA : "H" or "L" 

:.lOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test }!ode" is not used. 
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tC5f1808APl/AJlIA%(;'71, ,TCI11800APl/AJIJAZL-aa 
TC5UOOOAPL/AJL/AZL-l0 ,. ,': ',:",', 

EIDD~ REFRESH CYCLE (~VRITE) 

I I 
~'Oli -

Datil' ------- QPE:l ------

~: "H" or "L" 

~OTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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, 

lC511000APLlA"LlAlL-78, lC511880APLlUllAZL~88 
TC511 _APLI A"LI AlL-I 0 

CIS BEFORE RXS REFRESH COl~TER TEST CYCLE 

~AS -u 

~ "IEi "'-) r ____ -+====~~F.S~--.; ===U=\ 
vIL -- I~ 1 I -----

m :::=~~ I 'on ',,, ~ II 
AO-A~ ::: =~%~~~~~~1'=--~_...;t:-1 '///; ~1; 1; ~1;/ 

I: I CJ~" 11:1 ~'''' 
r ~UT ::: = OPEY 'I 'I :":I.~ VALID, D A,TA I I ] I 

l' V , ,t"CS, r I ~ 
7iRI~£ '/I: --I///I////!!!I!/II! /1// //1 II It:\Cl! ~ 

~ II 'I I t.1UTE CYCLE 
~ vOli - I 

'-'aUi vOL -- I II ony I I i 

I I t"n I . ,1 

READ CYCLE 

! I I I tc,vL , 1 I 
__ I jt'.Vcs i I. '':OCS I I i 

HI:£ ,:_~: --W~/;~!I;;~1!/;~I/;-r-rm~II/;-:-:-7j1j;""'-;-'jI/&~/M! ! !''.V? V//II/II//I/II!!////I//' 
I -'Iii . . i !~~s.l ItDS " "I 
L:lr:1 vr~ 1I/I!I///I/!/I////IIIII!?t VA:'!" DATA WIII!!!I!lIiI/////I//1t 

READ-WRITE CYCLE l~t"'AC I~ b. t l!OFF 
I ~LZ!. ! I 

r ~~ :~~~ = O?£Y 1 I' ~ VALID DATA lr--
! I 'AA I I ten I I 
! I I I k.n I , tF.71!: 

! ~ ~~: _11111/1//1//11/1 !l1/111111f 'RCS J I _ ['J-r-~ """""'p";:;:,/I/;-;:;;1I~1I!Jr-rrIj//;rr'J'Y/""""'?!J 
i I ·C'.VD '"'.V? 1 

l:lIY :~: =1I1/111//?//IIIII/II/I//!!//!!/II)/I//)fALI~ ~~!j,777II/;"T'r1//;77":"1./;;-:-:-;//;"':"-:-11 
VI!,I: "H" or "L" ! tc:s! ! 1:~:;~ 

XOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test ~Iode" is not used. 
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TEST MODE 

TC511010AI'L/ AJU AZL~'1',,1'C511 088 APt/ AJtJAlL~'. 
TC511000APL/AJL/AZL-l0 

The TC511000APL/AJL/AZL is the RAM organized 1,048,576 words by 

1 bit, it is internally organized 262,144 words by 4 bits. In "Test 

Mode", data is written into a number of sectors (4 sectors) in 

parallel and retrieved the same way. It. upon reading, all bits are 

equal (all "H" or "L"), the data output pin indicates a same data as 

all bits. In this case, the data output pin indicates an expected 

data for good parts, the data output pin indicates a complementary 

data for bad parts. And also, if any of the bits differed, the data 

output pin would indicate a high impedance state for bad parts. Fig.1 

shows the block diagram of TC511000APL/AJL/AZL including its truth 

table when "Test Mode" is used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the 

following method. 

Block Diagram in Test Mode 

:1 c!l 

IF Pin:Super voltage; Test Mode 
IF Pin=VIL(TF) level or High-Z; ~or.nal 

Truth Table in Test "ode Function .. 
A B C D DOUT 
0 I 0 I 0 I 0 0 
1 I 1 I 1 I 1 1 

Otner.Tise Ei-Z 
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TC511000APl/Adl/AZL-70, TC511000APl/AJl/AZL-80 
TC511000APl/AJl/AZ~10 

"Test Mode" function is perfomed on any.of the ticing cycles including fast 

page Clode .,hen "TF" pin is held on "super voltage (VCc+4.5V(VCC-SV::IO%), max. 

voltage=lO.5V)" for the specified period (tTES' tTEER and t TEHC ; see Fig. 2). 

The address input of A9 is ignored in the "Test HOde". 

On the other hand, normal operation requires the "TF" pin be connected to 

VIL(TF) level, or left unconnected on the printed .,iring board. 

The "Test Mode" function reduces test times (1/4; in case of using ~ test pattern). 

v··· t ." ~ 
vII, 

VIS \ en 
VrL 

I t!£S 1(0 ns) 

VISe!?) -J !? 
VIL(!?) 

1 ~ ............... ____ ~! ..... __ ~if:~ __ -+lt~.=~~~.~~(~O~~~S) 
t!:::H.'t( 0 :18) I . _ .. J -

,'---
Fig.2 Test ~Iode Cycle 
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rC&11 OOOAPI./ AJI.I All-78, TC5tlOOOAPUAJUAlL~O 
TC511 OOOAPLJ AJI./ All-' 0 

OUTLINE DRAHINGS 

• Plastic DIP 

Unit in = 

! ~.52='J.25 

0-15" 

Note: Each lead pitch is 2.S4~m. 

All ,leads are located within O.2Sco of their true longitudinal position 

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

All dimensions are in millimeters. 
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TC5l UIOOAPU AdUAZL-70, TC511 OOOAPU AdUAZL-88 
TC511008APUAJUAZ~10 

• Plastic SOJ 

Unit in = 
1 -.02 - 1 '.2 7 

I Z5 25 2 .. Z3 Z2 19 17 16 15 ~ j I I J.9 7Y? 

'00"", nnM ~ 

IN:~~ to! r ~ I 
~~~~~~--rM~~~---L 

1 2 3 .. 5 ~ 10 II :..2 13 

I I 0.05-0.S: 

I I . 

Note: .Each lead pitch is 1.27rnm. 

All dimensions are in millimeters. 
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lC511000APL/AJL/All-70, lC511000APL/AJL/All-80 
lC511 OOOAPL/ AJL/ All-I 0 

• Plastic ZIP 

Cnit in = 

,3 'J !.L~l. 

I , 
I 

i I 

r;m::x DOT 

d 
I 

II V 

I 
V II II ~ 

0_5±O~ 1.27 :"[? 

II 1.27 -:; 'P. 

, I 
2.5477? 

1 3 5 7 9 11 13 15 17 III 

2 4 :; e 12 14 15 13 20 

~ote: Each lead pitch is 1.27wo. 

All d~ensions are in cilliceters. 

Toshiba does not assuce any responsibility for use of any circuitry 

described; no circuit patent licenses are i=plied, and Toshiba 

reserves the right, at any t~e w~thout notice, to change said 

circuitry. 

- A-45 -



TC511000APUAJUAZL-70, TC511 OOOAPUAJUAZL-80 
TC511 OOOAPUAJUAZL-l 0 
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TOSHIBA MOS MEMORY PRODUCTS 
TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

DEseRI PTION 

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511001AP/AJ/AZ 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 TC5ll001AP/AJ/AZ 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 5Vt10% tolerance, direct interfacing capability with high perform
ance logic families such as Schottky TTL. The special feature of TC51l00lAP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 

FEATURES 

1,048,576 word bY.l bit organizction 
. Fast access time and cvcle time , 

rx,sllCXJlP'::yP .. :V:"-Z-7CY -SJ/-1" 

tRAe R..\S Access Time 1 70ns 80ns lOOns 

tAA Column Address 
I 35ns 40ns SOns Access Time 

tCAC CAS Access Time 1 20ns I 20nsl 25ns 
tRC Cycle Time 1 DOns I 150ns 1180ns 

~:ibb1e ~lode 1 20ns tNCAC Access Time I 20ns 20ns 
I 

Nibble :lode 
I 40ns 40ns 40ns tNC Cycle Time 

.. Slngle power supply of 5V=10% wlth a 
built-in VEB generator 

PIN CONNECTION (TOP VIm) 

Plastic SOJ 
DIN n Vss 

:':~~!2 ~F~~ 
]';.c. 5 22k-'.9 

N) 9 IBwAB 
p~qlO 17 1-.7 
J-.2 0 11 .'£ 
;.3012 A5 

Vee 13 r.':I: 

PH! NAtiES 
AO"vA9 IAddress Inputs 

CAS IColumn Address Strobe 
Dl.1\ !Data In 
DOUT !Data Out 
RAS IRm-l Address Strobe 
I,RITE ,Read/Erite Input 
VCC IPower (+5\') 
\ISS !Ground 
TF ITest Function 
,,. C. INo Connection 

Low Power: 
440mi·i HAX. Operating(TC511001AP/AJ/AZ-70) 
385m,,1 IIP~,\. Opera ting (TC511001AP / AJ! AZ-80) 
330m,,1 IIP~,\. Operating(TC51100UJl!AJ!AZ-IO) 
5.5mi! llA,\. Standby 

Output unlatched at cycle end allows two
dimensional chip selection 

Common I/O capability using "EARLY I.:RITE" 
operation 

Read-Hodify-h':-ite, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Kibble 
Hode and Test Hode capability 

All inputs and output TTL compatible 
512 refresh cycles/Sms 
Package Plastic DIP: TC5l1001AP 

Plastic SOJ: TC5ll001AJ 
Plastic ZIP: TC5ll001AZ 

BLOCK DIAGRAl'i 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

ABSOLUTE MAXIMU~ RATINGS 
ITO! 1 snlBOL I RATI:\G 

Input Voltage I \' lei -po7 
Test Node Input Voltage ! VIN (TF) -1"-'10.5 
Output Voltage I VOUT -1"-'7 

Power SUDDl\" Voltage i VCC 
1 

-1"-'7 

Operatin o Tec-,oerature t TOPR I (Yu70 
Storage Tec-,perat:ure I TSTC i -55"-'150 
Soldering Temperature.Time I TSOLDER I 260,10 

Power Dissipation t PI) I 600 
Short Circuit Output Current 

t 
lOUT t 50 

RECO~~ENDED DC OPERATING CONDITIONS (Ta=Q'\,70°C) 

UNITS I NOTES 

V t 
1 

V 
t 1 

I V 

I 
1 

V 1 
! °C ! 1 

I 
DC 

t 
1 

I o C. se c I 1 

I 
m\~ 

t 
1 

I mA I 1 

SYHBOL I PARiUETE:R 1 ?1l"'. TYP . ~L.c.X. -=*==~_·LJ.)~:~OTES 
VCC I Supp~)' Voltage I 1,.5 5.0 5.5)_V I 2 
VIE T Input High Volt<'f 2.1., . 6 .~-J V T2-- . 
V n I' In 0 u t Lo~---V~-'l t a Q~----------I-----l----. ---o--+-----~---O--.-2 I V I ---t-I 
VIH(TrY Test Enable Input Ei):h Voltage "Cc+6 .5 i 10.5 V I ~ 
Vn(Tn Test Disable Input LO\J Voltage -1.0 ! VCC+1.0 I V I 2 J 

DC ELECTRICAL CHARACTERISTICS (VCc-StlO% Ta-0'\,70°C) 

SY~lBOL PARAHETER I ":I~.I ~1A.\. \.1':\ ITS 

I OPERATING CURRENT i C'C51l 08 1."_"/;.J/".2-7·2: - 8.0 

ICCl I Averag~01Jer Supp ly Operating Current I TC5110 OlA?/AJ/.;Z-80 I - 70 rnA 
(RP.S, CAS, Address Cycling: tRC-tRC ?'lIN . ) !TC~110CIA?/.;J/';Z-lO I - 60 I 

I STA.'lDBY CURRENT 

I I I 
ICC2 Power ~pply Standby Current - 2 rnA 

(RAS-CAS=VIE) I 
RAS ONLY REFRESE CURRENT I TC511001.;?/A:/.'.::'-';'O I - i~ 

ICC3 Average POHer Supply Current, RAS Only Hodel To 511001.Q/.~J/;.Z-80 I - 1 70 I rnA 
(RP.S Cycling, CAS=VIE: tRC=tRC HIN. ) I TC 51l 00 L!.~?/.L,J/ AZ-10 I - 60 I 
NIBBLE HODE CURRENT I 'T'C511 OJ 1.t·.?/!-2/.!"Z-70 i - I 60 

ICC4 Average Po,,,e r Supply Current, Nibble Hade iTC51100 l.;P/.~J/p'z-8J I - 50 rnA 
(RAS=VIL, CAS Cycling: tNC=tNC HIN. ) ! TC5110DlP.?/.;J/AZ-1O 1 - 1 40 
STk'lDBY CURRENT 

I I ICC5 POHer Supply Standby Current - 1 rnA 

(R.t..S=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT 11'051200 U,7'/;'.:/".Z-70 I - i 80 I 

ICC6 Average PmJer Supply Current, CAS Befo:-e I 

I TC511 00 1.'.?/AJ/.'.Z-8J I - I 70 rnA 
RAS Hade (R.4S, CAS Cvcling: tRC=tRC HIN. ) I TC51100H?/.'.J/.'.Z-lO I - 60 I 

INPUT LEAKAGE CURRE"T (any input except TF) 

1-10 II(L) Input Leakage Current, any input (OV~VIN~6.5V, 10 WA 
All Oche, Pins No· Under Test=OV) 

I lTr (L . 
INPUT LEAKAGE CURRENT (only TF) 

1-10 I (OV~VIN (TF) ~v CC+O. 5 V, All Other Pins Not Under Test=OV) 10 ~A 

I OUTPUT LEAKAGE CURRENT 
10 (L) (DOUT is disable d, OVfVOUTf+S. 5V) 1-10 10 WA 

ITF 
TEST FUNCTION I;\PUT CURRENT 

I 1 rnA 
(VCC+4. 5V SV-" (TF) ~10. 5V) -

VOH 
OUTPUT LEVEL 

1 2 . 4 I 
\' 

Output "H" Level Voltage (IOUT-,..5mA) -

VOL OUTPUT LEVEL 

I 
I 0.4 V 

OUtput "L" Level Voltage 00UT=4.2mA) -
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TC511001AP/AJ/AZ-10, TC511001AP/AJ/AZ-aO 
TC511001AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECor:liENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O ~ 70·C) (Notes 5, 6, 7) 

I TCSllOOlP.:?/ i TC5~1?9l~~/ Tcsq?21..IJ'/ i Ie 
SYCIBOL p .;'.Rl~IETER ~:.,j/ ;'~=-/O .1 .-. ..;/r • .:....-uU r.J, n~-lO I\.;;;n i:;OTES 

MIN. I HA.,,\·1 ~1Il\ ·1 :lAX. HI:; .J ~1AX. I I 
tRC fRandos Reac or t.,':-i te Cycle TiT7le I 130 I -

1 150 I - ! 180 I - I ns I i 

tl,,;C IRead-\.,rrite C~>'cl.e Time 115S J - 1175 I - I 210 I - I I I ns 

[I;C !;;ibble Cycle ~o I I 40 I : 40 I I I !'lode Time - - I - I ns i 

i:;i~ble l-J':: 2.6-\'::::':02 C:: c 1e ·~ir.Je 
I I f.5 I 

, 
v I i I L.,:~ F:":":h' ~«_, d e c:' I - - v:) - DS I I I 

[K-'.C IAccess Tirrr2 fro!.: R. .. \S - I 70 i - I 80 i - I 100 1 ns I 8,13 

tcP-.C hccess 'l'ir.lE: fro;;' CAS i - I 20 I - I 20 I - ! 25 I ns i 8.13 I I , 
tAP.. :.oe Ti~e from Co 1 Cl71:-i Address I - I 35 I - I 40 I - i 50 I ns I 8,14 ! I 

I\ibble !-lode Access Time - 20 - - I 20 ns 
I 

8 t"CAC i I I I 

.- .. ~ 
, 

~ I leCL=: !e;:]) to OutDut In ~ow-~ lJ I -
I 20 
I OI
I 

I 

o 
! I I 

I . : ns /:j 

t G;-'? IOutpu: buffer Tu-rn-Off Dele)' i 0 I 20 ! 0 I 20 I 0 ! 20 I 
, 

9 ns I 
tT ITransi tion Tili12 (Rise and Fall) I 3 l 50 I 3 I 50 j 3 I 50 I ns I 7 

tRP IRAS Prechar:;e Time I 50 i - I J 
I 

I L ns I 60 - I 70 -
tRl.S I!tAS Pulse lVid th I 70 11O,000[ 80 ~O,OoO! 100 110,0~qns I 
t RSH I~A.S Hold Time I 20 I 20 I 

I 25 i I ns I I - - I -
r-----~-

I I ! I I I 1 tCSH ICAS Hold Time 70 - 80 - 100 - ns 
I 

tU.s ICAS Pulse h'i c t h i 20 110 ,DOD: 20 P.o,oooi "C 110.000 TIS -~ 

tRCD lill to c.O.s Delay Time 
I 

20 i 50 I i 2C 
I 

60 ! 25 
i 

75 I I 13 I I ns 

t~"'D !RAS to Colur:ln Address De12Y Time I 15 I 35 I 15 i 40 I 20 I 50 Ins I 14 I ! 
tCRP lEAS to R;~S Pre charge Time I 5 I - I 5 1 - I 5 1 - I ns I 
tCPN leAs. I 10 I I 10 I I 

10 I I ns 
I 

Prec'nar~e TimE - - I - I I I 

o , 
i - c I - 01- I ns I 

I 
I I I 

I ! nS 
, 

I t~A.H IRo\ .. ~ ;'.ci6res~ Hold Tine I 10 i - i 10 - 15 I - I 
CASe iColuT:1D Address Set-Cp Time I 0 

I 
! 0 I I 0 I 

I ns I I - - I I -
tCAH ICol urn.l' ! 

, 
I I I i I Address Hold Time 15 

, - l5 - 20 - ns I I 

tAR Icolumn Address Hold Time 55 - 60 
I 

- I 75 I - ns I referenced to RA3 I 
I 

tRAL Colu,"" Address to RAS Lead TiDe 
I 35 -

I 
40 I - I 50 

I 
- I ns I 

tRCS IReed Corn .. 'i1and Sec-Up Time I 0 I 
I - I 0 I - I 0 i - Ins I 

Read Comr:land Hold Time I 

I - I Ins t 10 tRCH referenced CAS 
0 -

I 
0 0 -to 

tRRH 
Read Command Hold Time 

0 
I 

a I I 0 Ins I 10 
referenced ~-\S 

- - -
to 

th'CH .~ri te Command Hold Time IS - 15 I - I 20 ns 
I 

th'CR 
\.\lri te Command Hold Time 55 - 60 I - I 

75 - ns 
I re ferenced to RAS 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOM~IENDED AC OPERATING CONDITIONS (Continued) 

TC511001API I TC511001AP / TC511001AP/ 

llilTS I;;OTES SYt1BOL PARMIETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO 
HIt\. :IAX. I Hl~. HAX. NIN. }1AX. 

t\{P Write Command Pulse Ihdth 15 - 15 I - 20 - I i1S 

tR\.JL jlhite Command to RAS Lead Time 20 - I 20 I - 25 i - ns 
tCHL ~.,lri te Command to CAS Lead Time 20 - 20 - 25 I - I ns 
tDS IData-In Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data-In Hold Time 15 - 15 - 20 I - I ns 11 

tDHR Data-In Hold Time 
55 I 60 I 75 I I 

ns 
RAS - - -reference to 

tRE? IRefresh Period - 8 - I 8 i - 8 ms 

tl.JCS \.-,Jrite Command Set-Up Time 0 - I 0 - I 0 I - ns 12 
t n .']) 

, CAS to h'RITE Delay Time I 20 - 20 I - 25 - I ns , 12 
tRh'D RAS to I-iRITE Delay Time I 70 - 80 - 100 - I ns 12 

tAI{D Column Address to HRITE 35 - 40 - 50 - ns 12 Delay Time 

tCSR CAS Set-Up Time (CAS before RAS) 10 - 10 - 10 - ns 
tCHR CAS Hold Time ('"'. c befo tE: RAS) 

, 
30 - 30 I - i 30 -\.oc;.;) ns 

tRPC R.A.S Precharge to CAS Active Time 0 - 0 - 0 - ns 

CAS Precharge Time 
40 - 40 I - I 50 

I 
-tCPT (CAS before RAS Counter Test) ns 

tNCAS Nibble rIo de Pulse Ihdth 20 - 20 - 20 I - ns 
tNCP p<ibble :lode CAS Precharge Time 10 - 10 I - 10 - I ns 

tNRSH Nibble ,·10 de RAS Hold Time 20 - 20 - 20 - I ns 
Nibble ~lode CAS to HR1TE Delay 20 - 20 - I 20 - I ns tiiCHD Time 

t.. INibble Node \.JR1TE Command to 
I 

20 
I 

20 
I 

- 20 - ns NR."l. RAS Lead Time -
INibble :lode h'R1TE Command to 20 20 - 20 - ns tNCI{L CAS Lead Time -

Test Hode Enable Set-Up Time 0 0 0 tTES RAS - - - ns referenced to 
Test ~lode Enable Hold Time 0 0 -

I 
.0 -tTEHR - ns referenced to RAS 

tTEiiC 
Test Hode Enable Hold Tir.le 0 - 0 - 0 - ns referenced to CAS 

CAPACITANCE (VCC=5V±10%, f=l:!Hz, Ta=0"v70°C) 

SY:!BOL PAR.~IETER I :IB. I }IAX. I L';\IT 

Cn In pu t Capacitance (Acr"A9, DIN) - I 5 I pF 
C12 Input Capacitance (RAS, CAS, \'!RITE, TF) - I 7 I pF 
Co Ioutput Capacitance (DOUT) - I 7 I pF 
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KaTES: 

TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-aO 
TC511001AP/AJ/AZ-l0 

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

2. All voltages are referenced to VSS' 

3. ICC1, ICC3, ICC4, 1CC6 depend on cycle rate. 

4. ICC1, lCC4 depend on output loading. Specified values are obtained Hith the 
output open. 

5. An initial pause of 200~s is required after pOHer-up follo\,ed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a oinimum of 8 CAS Before Ril.S initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VIH(rnin.) and VIL(max.) are refernce levels for measuring timing of input 
signals. Also, transition times are measured betHeen VIH and VIL. 

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

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 tRCB or tRRH must be satis~ied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early ,·:rite cycles and 
to "RITE leading edge in read-Hrite cycles. 

12. th'CS, tRIm, tc,m and tA\m are not rest:::ictive operating parameters. They are 
inc~cded in the data sheet as electrical characteristics only. If q.]CS,f th'CS 
(min.), the cycle is an early Hrite cycle and the data out pin will remain 
open circuit (hibh impedance) throughout the entire cycle; If tR\W~ tR\-m(min.), 
tCh'D,f toW(min.) and tx.,m ~ CA\W(r:lin,), the cycle is a read-IJrite cycle ane the 
data out ~ill contain data read froo the selected cell: If neither of the above 
sets or conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation \"ithin the tRCD(max.) lioit insures that tRAC(max.) can be oet. 
tRCD(max.) is specified as a reference point only: If tRCD is greater than
the specified tRCD(max.) lioit, then access tiDe is controlled by tCAC' 

14. Operation ,-·ithin the tRAD(max.) limit insures that tRAc(max.) can be met. 
tR.A.D(max.) is specified as a reference point only: If tRAD is greater than 
the specified tRAD(max.) limit, then access time is controlled by t .. \A' 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

TI~lING WAVEFORMS 

READ CYCLE tRo 

tRAS 

RAS vIH-

vIL_ 

CAS vIH-

vIL-

AO-A9 
VIH_ 

VIL-

WRITE VIH-

VIL_ 

t 

DOUT 
VOH-

OPEN 
VOL-

I.JRITE CYCLE (EARLY WRITE) 
tRC 

"!!AS vIH-

vIL-

llAs 
vIH-

vIL-

AO-A9 
vIH_ 

vIL-

WlUH' vIH-

v1L-

DIN VIH-7r.~7rrM~r.n~~~=--=~~~rrrM~~~~rr.~Tr~~rr.~ 

DOUT 

VIL--~~~~~~~~~~ ______ ~~~~~~~~~~~~~~~ 

VOH-

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

NOTE: 

ILZ]: "H" or "L" 
"TF" pin should be connected to VIL(TF) level or open. if 
"Test Mode" is not used', 
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READ-WRITE CYCLE 

TC511881AP/AJ/AZ-78, TC511881AP/AJ/AZ-88 
TC511881AP/AJ/AZ-18 

t :w 

~ : "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

NIBBLE MODE READ CYCLE 

VIH----..,;..I-_..:.A~-! 
VIL-

AO-A9 

VOH-
VOL-----

VIH--~~~~~1t~~~~~=:~~--~~~~:t~~~~ 
VIL--~~~~ .... u 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

CAS 
VIH--

VIL-

AD-A9 
VIH-

VIL--

WiIT'i'Y 
VIH-

VIL-

VOH-

VOL---------------------------- OPEN 
tZ:ZI : "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

NIBBLE MODE READ-WRITE CYCLE 

fLLJ "Hit or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

BAS ONLY REFRESH CYCLE 

RAS 
VIH_ 

VIL_ 

t 

m VIH-

VIL-

VIH-. 
AQ-AS 

VIL-

VOH-
DOUT OPEN 

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

CAS BEFORE RAS REFRESH CYCLE 

t 

RAS 
vIH-

vIL-

t t 

CAS 
vIH-

VIL-

DOUT 
vOR-

OPEN 
vOL-

or "L" 

~: "H" or "L" 

~: "H" or "L" 
NOTE: WIcrTl!="H" or "L", AO'" A9 .. "H" 

"TF" pin should be connected 
"Test Mode" is not used. 

to VIL(TF) level or open, if 
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TC51 1001 APIAJIAZ-70, TC511001APIAJIAZ-aO 
TC511001APIAJIAZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

!fiJi 
vIR --

vII .. --

CAS 
vIR --

'TIL --

AO-A9 
VIH--

VIL --

READ CYCLE 

r DOUT 
'lOH -

lwru" 

vOL --

'lIH --
VIL __ 

WRITE CYCLE 
tRwL 

'lOH--
DOUT OPEN 

VOL --
tcWL 

?!RITE 
VIR - Ii 

VIL --

DIN 
VIH --

i VIL --
L 

READ-WRITE CYCLE 

c-

DOUT 
vOH --

vOL _ 
tRCS 

VIH--~~7T~~7T~~~~rr~--t=======1 
VIL--~~~~~"~~~~~J 

~: "H" or "Lit 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (READ) 

AO-A9 

VOH - ------+-
VOL -

VALID DATA 

HIDDEN REFRESH CYCLE (WRITE) 

DOUT VOH-

vOL - ------------------- OPEN 

~: "Hn or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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P.PPLl CAli O~: I NFORiiPIT ION 

ADDRESSING 

TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-aO 
TC511001AP/AJ/AZ-l0 

~~e 20 a~dress bits reqcired tc, deC0~e 1 of the :~G~E,576 c~~l locations \;ithin 

the TC511001AP/AJ/AZ are ~ultiplexed onto the 10 address inputs and latched into the 

on-chip address latches by externally applying t~o negative going TTL-level clocks. 

The first clock, the Ro\v' P.Gcress 5cro1.Je (R..!:..S)) la:ches the 10 rCh~ 3cdress D: ts 

into the cr.ip. The second clock, the Colu~n Address Strobe (CAS), subsequently 

later-Ies the 10 coluC'.Cl address bits into the chip. Each of these sign.J.ls, RAS, and 

CAS, triggers a sequence of events h'hich are controlled by different delayed internal 

clocks. 

The two clock chains are linked together logically in such a h'ay that the ad

dress multiplexing operation is done outside of the critical path ti~ing sequence 

for read data access. The later events in the CAS clock sequence are inhibited until 

the occurrence of a delayed signal de::-ived from the RAS clock chain. This "gated 

CAS" feature allows the CAS clock to be externally activated as soon as the ROh' Ad

dress Hold Time specification (tR.A.H) has been satisfied and the address inputs have 

been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 
Data to be written inca a selected cell is latched into an on-chip register bv 

a combination of h'RITE and CAS ,,,hile F~".S is actiVe. The later of the signals (\';RITE 

or C.;S) to Qake its negative transition is the strobe for the Data In (DIN) register. 

This permits several options in the h'rite cycle ticing. In a h'rite cycle, if the 

\'!RITE input is brought }m,." (active) pYior to CAS, the D:;:;.; is strobed by CAS and the 

set-up 2nd hold tices are referencec to c.-\S. If the input data is not available at 

CAS time or if it is desired that the cycle be a read-write cycle, the \~RITE signal 

\dll be delayed until after CAS has made its negative transition. In this "delayec 

\,rite cycle" the data input set-up and hold ti~es are referenced to the negative 

edge of \,RITE rather than CAS. (To illustrate this feature, DIN is referenced ~o 

\,:RITE in the ti~ing diagrams depicting the read-\nite and nibble mode write cycles 

\;hile the "early \nite" cycle diagr2m sho\,'s Dr;.; referenced to CAS). 

Data is retrieved from the ~e:nory in a read cycle by maintaining (,RITE in the 

inactive or high state throughout the portion of the memory cycle in Hhich CAS is 

active (loW). Data read from the selected cell Hill be avilable at the output 

within the specified access time. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-aO 
TC511001AP/AJ/AZ-l0 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (DOUT) of the TC511001AP/AJ/AZ 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 I 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 f·10DE 
Nibble mode operation allows faster successive data operation on 4 bits. The 

first of 4 bits is accessed in the usual manner lVith read data coming out at tCAC 
time. By keeping RAS 10to.1, CAS can be cycled up and then do",n, to read or I,rite the 

next three pages at high data rate (faster than tCAC)· RolV and column addresses need 

only be supplied for the first access of the cycles. From then on, the falling edge 

of CAS lVill activate the next bit. After four bits have been accessed, the next bit 

"'ill be the same as the first bit accessed (IVrap-around method). 

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

Address A9 determines the starting point of the circular 4 bits nibble. RolV A9 and 

column A9 provide the t\,.,o binary bits needed to select one of four bits. 

From then on, successive bits corne out in a binary fashion; 00 + 01 + 10 ~ 11 "'ith 

A9 row being the least significant address. 

A nibble cycle can be a read, write, or Jelayed write cycle. Any conbinations 

of reads and I,rites or late writes "ill be allOlo/ed. In addition, the circular wrap

around I"ill continue for as long as RAS is kept 101-1. 

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

at each of the 512 rOl,., address (AO'UAS) ,vithin each 8 millisecond time interval. 

Although any norDal memory cycle "ill perform the refresh operation, this function 

is most easily accomplished ,,.,ith "RAS-only" cycles. 
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CAS BEFORE R,~S REFRESH 
CAS :, afore RAS refreshing availalbe on the TC511001AP / AJ / AZ off ers an al t ernate 

refresh method. If CAS is held on 1m,' for the specified period (tCSR) before RAS 

goes to lo~, on chip refresh control clock generators and the refresh address counter 

are enabled, and an internal refresh operation takes place. After the refresh op

eration is performed, the refresh address counter is automatically incr~"ented in 

?Y-~;Jc.r2.:icr: fer the ne:-:~ CAS ::;e:c:re ?..~S re:resh c?e:r2tion. 

HIDDEr~ REFRESH 
An optional feature of the TC51l00lAP/AJ/AZ is that refresh cycles may be per

formed 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 RAS high and 

after a specified precharge period (tRP). executing a CAS before RAS refresh cycle. 

(see Figure below) 

RS?:RE,2!-: C':C is FE?RSS:-': CYCLE 

{ n Ii /1 
1

'--- I '--- I '---- I 

c~o--~I~\ I I /~I-
I I 

~'~I' --<------L-----,------>-t-

This feature allm,s a refresh cycle to be "hidden" ar;lOng data cycles Hithout 

affecting the data avilability. 
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U\S BEFORE R,t,S REFRESH COUIHER TEST 

The internal refresh operation of TC511001AP!AJ!AZ can be tested by CAS BEFORE 

RAS REFRESH COUNTER TEST. This cycle performs READ/\JRITE operation taking the inter

nal 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 initializa

tion cycles. The test procedure is as follows. 

CD \hite "0" into all the memory cells at normal l>rite mode. 

o Select one certain column address and read "0" out and "-'Tite "1" in each cell 

by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-h'RITE CYCLE). 

Repeat this operation 512 times. 

0) Check "1" out of 512 bits at normal read mode, Ivhich Has ,,'Titten at 0· 

® Using the same column as 0, read "1" out and IHite "0" in each cell performing 

CAS BEFORE ~4S REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

W Check "0" out of 512 bits at normal read mode, IVhich \Vas ,.'Titten at ®. 

® Perform the above CD to W the complement data. 
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TC511881AP/AJ/AZ-78, TC51laol AP/AJ/AZ-88 
TC511881AP/AJ/AZ-18 

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter

nally organized 262,144 words by 4 bits. In "Test Mode", data are written into 

a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 

reading, all bits are equal (all "H" or "L"). the data output pin indicates a same 

data as all bits. In this case, the data output pin indicates an expected data for 

good parts. the data output pin indicates a complementary data for bad parts. And 

also. if any of the bits differed. the data output pin would indicate a high im

pedance state for bad parts. Fig.l shows the block diagram of TC5ll001AP/AJ/AZ in

cluding its truth table when "Test Mode" is used. 

In test mode, lMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 
An.Am 

...-----0 An.Am 

TF Pin-Super Voltage; Test Mode 
TF Pin=VIL(TF) 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 

Otherwise Hi-Z 

Fig. 1 
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"Test Mode" function is performed on any of the timing cycles except Nibble 

mode when "TF" pin is held on "super voltage (VCC+4.5V (VCC=5V±lO%), max. voltage= 

lO.5V)" for the specified period (tTES, tTEHR and tTEHC; see Fig. 2). 

The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 

VIL(TF) level, or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 

VIH _-----4-----"'\ 

tTEHC Ons) 

tTES (Ons) 

'lIH( TF) _---:~--.:--------------..:..------~--
TF 

vIL( TF) -
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OUTLINE DRAWINGS 

• Plastic DIP 

22.8MAX. 

:::.54±C.2 'S 

O.5~115 

Note: Each lead pitch is 2.54mm. 

Xli 
;:il ~I 

~l 

Unit in mm 

I 7.c:22:i).25 ! 

All leads are located within O.25rnm of their true longitudinal posiCion 

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

All dimensions are in millimeters. 
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• Plastic SOJ 

INDEX DOT 

9 10 11 12 13 

0.40-0.50.11 

1

.1 I pmp. 

. • 9.5 - 9.9 -I 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 

Unit in mm 

26.3MAX f'·,oMA 

/~----------------------~ 

0< 
d 

INDEX DOT +I 
to "' cD 

".. I-

, ' 1r"~ 
Cl25 +Cl07 ';...L-

I -Cl05 
1.27 TYP. 

1.27TYF 

2.54.TYP 

1 :I 5 7 9 11 1:1 15 17 19 

2 4. 6 8 12 14 16 18 20 

Note: Each lead pitch is l.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS 'MEMORY P,RODUCTS 
TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

DESCRIPTION 
The TC5ll002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 

1 bit. The TC5ll002AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as 
well as advnaced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC5ll002AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ nad 20/19 pin plastic 
ZIP. The package size provides 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 perfor
mance logic families such as Schottky TTL. 

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

TC511002AP/AJ/'AZ-?Q/-OO/ -lD 

tRAC &AS Access Time 70ns 80ns lOOns 

tAA 
Column Address 

35ns 40ns 50ns Access Time 
tCAC CS Access Time 20ns 20ns 25ns 
tRC Cycle Time 130ns 150ns 180ns 

tsc 
Static Column 

40ns 45ns Mode Cycle Time . • Slngle power supply of 5V±10% wlth a 
built-in VBB generator 

PIN CONNECTION (TOP VIE\-]) 

55ns 

Plastic DIP Plastic SOJ Plastic ZIP 
\"5S 
D:)G-: 

PAS 16 ;;s ~ 
~-} ~ 
:,,_4 ,ss 

• Low Power 
440mH MAX. Operating (TC511002AP/AJ/AZ-70) 
385mW MAX. Operating (TC511002AP/AJ/AZ-80) 
330mH ~~. Operating (TC511002AP/AJ/AZ-lO) 
5.5ml-l MAX. Standby 

• Output unlatched at cycle end allows two
dimensional chip selection 

• Common I/O capability 
• Read-Modify-\vrite, CS before RAS refresh, 

RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability. 

• All inputs and output TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC5ll002AP 

Plastic SOJ: TC5ll002AJ 
Plastic ZIP: TC51l002AZ 

A9 
':'F 

15 N.C. 
l4. AS 

N.C. 
AE 

[~6 'ii?ITE 

[:8 'IF' 

BLOCK DIAGRAN 

13 A7 AO 

12 A5 
AI 
A2 

II A5 A2 

10 A4. Vee 

PIN NAHES 
AO"'A9 Address Inputs 

RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
CS Chip Select Input 
I,TRITE Read/Hrite Input 
VCC Power (+5V) 
VSS Ground 
TF Test Function 
N.C. No Connection 

AS 
A7 
A6 
AS 
A4. 

AD 
AI 
A2 
A3 
A4 
AS 
AS 
A7 
A8 
A9 
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ABSOLUTE t·1AXmU/·l RATINGS 
IT&I SYHBOL RATING UNITS 

Input Voltage VIN -1'" 7 V 
Test Function Input Voltage VIN(TF) -1"'10.5 V 
Output Voltage VOUT -1'" 7 V 
Power Supply 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 mH -.--
Short Circuit Output Current lOUT 50 rnA 

RECor'l~lENDED DC OPERATING CONDITIONS (Ta=O'" 70 0 e) 
SYHBOL PARAHETER ' 1 " TYP. HAX. 
Vce Supply Vo1.tage 

'--'- --1--5.0 5.5 {, ') 

IVIH Input High Voltage 
____ w __ ---~-5 2.4 

VIL Input Low Voltage -1.0 - 0.8 
VIH(TF Test Enable Input High Voltage VCC+4.5 - 10.5 
VIL(TF Test Disable Input Low Voltage -1.0 VCC+O.l 
DC ELECTRICAL CHARACTERISTICS (Vcc=5+l0%, Ta=O'" 70°C) -
SYHBOL PARAHETER 

OPERATING CURRENT TC511oo2AP/AJ/AZ-70 

Ieel .~ .. verage Power Supply Operating Current TC511002AP/AJ/AZ-tlO 

(RAS, CS, Address Cycling: tRC=tRC MIN.) TC511002AP/AJ/.'\Z-lO 

STANDBY CURRENT 
ICC2 Po,ver Supply Standby Current 

(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT Te 5l1CCZAp/AJ/AZ-7( 

ICC3 Average Power Supply Current, RAS Only Mode TC5110C2AP/AJ/AZ-BO 

(RAS Cycling, CS=VIH: tRC=tRC HIN.) TC"llOO2AP/AJ~Z-lC 

STATIC COLUMN NODE CURRENT TC51100 2AP/AJ /.'\Z-7[ 

ICC4 Average Pmver Supply Current, Static Column TC511002AP/AJ/AZ-BC 

Hode(RAS=CS=VIL, Address Cycling: tSC=tsc MIN.) TC511002.'\P/AJ/AZ-IO 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 

(RAS=CS=VCC-0.2V) 
CS BEFORE RAS REFRESH CURRENT __ ___ TC511002A.&AJ/AZ-'70 

ICC6 Average Pmver Supply Current, CS Before RAS TC511002AP/AJ/AZ-SO 
rlode (RAS, CS Cycling: tRC=tRC MIN.) TC51100ZAP/AJ/AZ-IO 

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

(OV ~ VIH~ 6.5V, All Other Pins Not Under Test=OV) 

IITF(L 
INPUT LEAKAGE CURRENT (only TF) 
(OV ~ VIN(TF) ~ VCC+0.5V, 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; VIN(TF); 10.5V) 

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

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4 .2mA) 
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UNIT NOTES 
V 2 
V 2 
V 2 
V 2 
V 2 

lIN. ~IA,,\ . UNITS NOTES 
- 80 
- 70 rnA 3,4 
- 60 

- 2 rnA 

- 80 
- 70 rnA 3 
- 60 
- 60 
- 50 rnA 3,4 
- 40 

- 1 rnA 

80 
- 70 rnA 3 
- 60 

-10 10 I1A 

-10 10 I1 A 

-10 10 \lA 

- 1 rnA 

2.4 - V 

- 0.4 V 



TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND REcm·1f,lENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=O'" 70°C) (Notes 5, 6, 7) 

.C51l002 TC511002 IC511002 

SYMBOL PARAMETER AP/AJ/AZ-70 AP/AJ/AZ-80 A P/AJ/AZ-lO UNIT NOTES 
MIN. MAX. MIN. MAX. mN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 
tRWC Read-Hrite Cycle Time 155 - 175 - 210 - ns 

tsc Static Column Mode Cycle Time 40 - 45 - 55 - ns 

tSRI']C 
Static Column Mode Read Write 70 - 80 - 100 - ns 
Cycle Time 

tRAC Access Time from RA"S' - 70 - 80 - 100 ns 8,13 
tCAC Access Time from CS - 20 - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14 
tALW Access Time from Last Write - 65 - 75 - 95 ns 8,15 
tCLZ cs to Output in Low-Z 0 - 0 - 0 - ns 8 
tOFF Output Buffer Turn-Off Delay 0 20 0 20 0 20 ns 9 

tAOH 
Output Data Hold Time from 

5 -Column Address 5 - 5 - ns 

tOI'] Output Data Enable Time from 
20 20 - 25 ns ~ - -

tWOH 
Output Data Hold Time from 

0 0 0 ImITE - - - ns 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 
iCRP RAS Precharge Time 50 - 60 - 70 - ns 
tRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 

tRASC RAS Pulse Hidth 70 10a,000 80 100,000 100 100,000 ns 
(Static Column Hode) 

tRSH CS to RAS Hold Time 20 - 20 - 25 - ns 
tCSH RAS to CS Hold Time 70 - 80 - 100 - ns 
tcs CS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tcsc 
CS Pulse Width 20 100,000 20 100,000 25 100,000 ns 
(Static Column ~Iode) 

tRCD RAS to CS Delay Time 20 50 20 60 25 75 ns 13 
tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 14 
tCRP CS to RAS Precharge Time 5 - 5 - 5 - ns 

tcp CS Precharge Time 
(Static Column Mode) 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 10 - 15 - ns 
tASC Column Address Set-Up Time 0 - 0 - 0 - ns 
tCAR Column Address Hold Time 15 - 15 - 20 - ns 

tAWR Write Address Rold Time 55 - 60 75 referenced to RAS - - ns 

tAR Column Address Hold Time 80 - 90 - 115 - ns referenced to RAS -
tRAL Column Address to lfAS Lead Time 35 - 40 - 50 - ns 
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ELECTRICAL CHARACTERISTICS AND RECDrlt1ENDED AC OPERATING CONDITIONS (Continued) 
TC511002 TC511002 TC511002 

SYMBOL PARNlETER AP/AJ/AZ-70 AP/AJ/AZ-80 AP/AJ/AZ-1O UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

tAH Column Address Hold Time 
5 5 10 referenced RAS Rise - - - ns to 

tCHL Hrite Command to CS Lead Time 20 - 20 - 25 - ns 
Last Write to Column Address 

20 30 20 35 25 45 tWAD Delay Time ns 

Last IVrite to Column Address 
65 75 95 tAHLIV Hold Time - - - ns 

t RCS 
Read Command Set-Up Time 0 - 0 - 0 - ns 
referenced to CS 

tRCH 
Read Command Hold Time 0 - 0 - 0 - TIS 
referenced to CS 

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

tIVCH IVrite Command Hold Time 15 - 15 - 20 - ns 

t IVeR IVrite Command Hold Time 
60 referenced to RAS 55 - - 75 - ns 

tIVP \~rite Command Pulse IVidth 15 - 15 - 20 - ns 
tHl Hrite Command Inactive Time 10 - 10 - 10 - ns 
tR\.,rL Write Command to RAS Lead Time 20 - 20 - 25 - ns 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 
tDH Data-In Hold Tillle 15 - 15 - 20 - ns 

tDHR 
Data-In Hold Time referenced 

55 60 75 to RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 
tIVCS \.,rrite Command Set-Up Time 0 - 0 - 0 - ns 

tCHD CS to IVRITE Delay Time 
20 - 20 - 25 - ns (READ-WRITE CYCLE) 

tRHD 
RAS to WR1TE Delay Time 

70 - 80 - 100 - ns (READ-WRITE CYCLE) 

tAHD Column Address to IVRITE Delay 
35 40 50 Time - - - ns 

tCSR CS Set-Up Time (CS before RAS) 10 - 10 - 10 - ns 
tCHR CS Hold Time (CS before RAS) 30 - 30 - 30 - ns 

tRPC 
RAS Precharge to CS Active 

0 0 0 Time - - - ns 

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

tCPN CS Precharge Time 10 - 10 - 15 - ns 

tTES 
Test Mode Enable Set~Up Time 

0 - 0 - 0 - ns referenced to RAS 

tTEHR 
Test Node Enable Hold Time 

0 0 0 referenced to RAS - - - ns 

t TEHC 
Test Node Enable Hold Time 

0 0 0 referenced to CS - - - ns 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
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CAPACITANCE (VCC=sV±IO~~ I f=IHHz I Ta=O'" 70°C) 

SYMBOL PARANETER MIN. MAX. UNIT 
Cn Input Capacitance (AO o~ A9 I 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 t~ the device. 

2. All voltages are referenced to VSS' 

3. ICCI, 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 any 8 RAS cycles 
before proper device operation is achieved. 
In case of using internal refresh counter, a m1n1mum of 8 ~Before RAS initial
ization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume 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. 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 con
dition 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-write cycles. 

12. t\-lCS, tRIm, tCl}D and tAI,TD are not restrictive operating paramEters. They are 
included in the data sheet as electrical characteristics onlv. If tVJCS i: twcs(min.), 
the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycle ; If tRWD i: tRlVO(min.) I 

tClm6 tcwu(min.) and tAW;:: tAHD(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 tRCD(min.) 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 exclusively by tAA' 

15. Operation within the tLl'AD(max.) limit insures that tALl,T(max.) can be met. 
tLl~AD(max.) is specified as a reference point only: If tU']AD is greater than the 
specified 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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THlING HAVEFORr'lS 

READ CYCLE 

AO-A9 ROW ADDF.ES S COLUMN ADDRESS 

tRAD tRSH 

CS vIH - tcs 

VIL -

WRITE VIH 

VIL 

DOUT 
VOH 

VOL 

~-----=~~~====+=====~ ~ 
--------- OPEN VALID DATA l"r---

----------.r.;f 

WRITE CYCLE (EARLY I.ffiITE) 

VIH 
AO-A9 

vIL 

CS vIH 
VIL 

DIN 
VIH 

VIL 

DOUT 
VOH 

VOL 

COLUMN 
ADDRESS 

OPEN 

~: "H" or "L" 

I\OTE: "TF" pin should be connected to VIL(TF) level or open, if "Test 
Hade" is not used. 
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READ-ImITE CYCLE 

RAG 
vIR -

VIL -

VIR -
AO-A9 

Vn -

VIR -
CS 

VIL -

VIR -
WRITE 

VIL -

VIR -
DIN 

VIL -

tRWC 

tRAS 

tCAR 

COLUMN ADDRESS 

tRAL 

tcs 

tCWD 

tAWD tCWL 

tR'lfD 

tCLZ 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 

"Test Mode" is not used. 
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STATIC COLUMN MODE' READ CYCLE 

1\ 
tRASO 

tASR ~ tso tsc 

t RP 

I l\-
tRAL tAH 

AO-A9 
VIH -

Vu - 1W AD~~SS1{W OOLUMN X ADDRESS 
COLUMN X COLUMN Willill#; ADDRESS ADDRESS 

VOH -

tRAD tCRP 

top tRSH 
I 

tAR 

1\ 
toso 

V 1\ toso :it 
tROS 

tRRll 

tROD r--:=-
tOSH I~II~R£.HI 

t 
tROS ~ 

I/II!//J// ///11//; ~ tAA W tAA W#~ 
tAA tOFF tCAO ~ 

tRAC t AOH ~...::=... ...:=:.. 

~ VALID ~ VALID~~ VALID 

I I 
DATA DATA ~DATA 

tCLZ tCLZ 
I 

(22}: "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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STATIC COLUMN NODE WRITE CYCLE (EARLY \~RITE) 

tRP 

cs- VIR -

VII.-

WRITE VIR -

VIL-

DIN 
VIH -

VIL-

DOUT VOR -

VOL -
OPEN 

STATIC COLU~!N NODE WRITE CYCLE (EARLY l·nUTE) 

RAS" VIH - --~f---------------------'" 
vIL -

VIR - --~t:::==::!:::::ti;~ 
vIL -

DIN VIR 
VIL 

VOH 
DOUT VOL- OPEN-

~: "H" or "LI1 

;:';OTE: -"TF" pin should be connected to VIL(TF) level or open, 
if "Test Hode" is not used. 
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STATIC COLUMN HODE READ-\JRITE CYCLE 

RAS 
VIH-

vIL-

AO-A9 
VIH -

VIL --

VOH -
DOUT VOL ----------~--------------~/ 

STATIC COLUMN MODE READ/HRITE ~lIXED CYCLE 

RAS vIH-

VIL- tSR~e~D~t::::::::::/-------------------------------------------

tep 
es VIH ---I------4;:~---~te~s~e~-~ J;~===t::::::;l 

vIL-

WRITE VIH
vIL-

tWeR 

INVALID DATA 

DOUT VOH- ____________ ~------------------------~ 
VOL-

~ : "HI! or "Lft 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if "Test 
Hode" is not used. 
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TC511002AP/AJ/AZ-l0 

.RAS ONLY REFRESH CYCLE 

VIa 
AO-A9 

VIL 

VOH 
DOUT 

VOL 
OPEN 

NOTE: WRITE="H" or ilL", A9="H" or "L" E223: "H" or "L" 

CS BEFORE RAS REFRESH CYCLE 

vIR 
RAS 

""IL 

os VIH 

VIL 

'lOR 
Dour 

VOL 

tCPN 
tcSR teHR 

tOFF 

OPEN 

NOTE: ~7RITE= "H" or "L", AO '\, A9= "H" or "L" ~: fiR" or "L" 

"TF" pin should be connected to VIL(TF) level or open, if 

"Test Hode" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE {READ) 

tRc 

vIH -
RAS 

vIL -

cs vIn -
vIL -

AO-A9 vIH -

vIL -

WRITE VIIl -

VIL -

DOUT 
Vall -
VOL -

HIDDEN REFRESH CYCLE {\~RITE2 

tRC 
tRAS 

RAS tAR 

tRSIl tCIlR 

os 

tRc 

tRAs 

tRc 

tRAs 

~:- "H" or "LII 

tCRP 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Node" is not used. 
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TC511002AP/AJ/AZ-70, TC511002A'/AJ/AZ-aO 
TC511002AP/AJ/AZ-l0 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH ---___ 

'ilL -

READ CYCLE 

Dour VOH - ! (O~P~Et~1 .fi'i'----
Vo L • tCWL - I! 

;twcs ~ 

WRITE :~~~ - /@ 1/Wa0J$#I/20t-P! ~ : ',rP'W/01$ &?;ZWJlI##J 
~i tD!, in t I 

DUI :~:: -10 -rr-rrW;;rr;//;'770'7'7"W;;rr;/;;'770-rT:/ j/;777»;7T"/ljI;rr:'»q:VALID DH~I77/j;7T1/ j;777I/7T"I/;;rriW/;-rT:~'77»;/T";1 $'77I/77T:~ 

READ-I·JRITE CYCLE II tCAR I I 
'j I C! - ""'-'-r-r-r'7"777TTrrr7"7"7"C7""77"'!'777'7'7"?\ rTT.'7T;'777777TT7:i777 

" I L - .t...L.L..I....1..J.:J..J-L...L./.....I.:..L.U~~'-"-"-':...u.J 1"-:-------4 ........... -'-"-'-"-'-'-'-'-'-''-"-'-' ............ 

VOH -------------:--+-f---<Y 
VOL -

WRfTE' V IH -
c-- tCWD 

V IL - ..i.J....t...£.J...L...£.J...L..Lt...L.L...I..J....Lt...L.Lt...L.LLt...U 

~~I 
DIN :~: /;77'0;'TT.:0T77077077///;TT/j;rr;I/;'771!j;TT,//;'r771117711/;'TT//;""///77'm7'7'7\~J!irNrrrl/j;777W"""'-;:0"77Wj;"r77'I/j;777W777~ 

~: "H" or ilL" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test "lode" is not sued. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

TEST MODE 

The TC5ll002AP/AJ/AZ is the RA}j organized 1,048,576 words by 1 bit, it is 

internally organized 262,144 words by 4 bits. In "Test Mode", data is writ-

ten into a number of sectors (4 sectors) in parallel and retrieved the same way. 

If, upon reading, all bits are equal (all "H" or "L"), the data output pin in

dicates a same data as all bits. In this case, the data output pin indicates an 

expected data for good parts, the data output pin indicates a complementary data 

for bad parts. And also, if any of the bits differed, the data output pin would 

indicate a high impedance state for bad parts. Fig. 1 shows the block diagrcm of 

TC5lI002AP/AJ/AZ including its truth table when "Test Mode" is used. 

In test mode, lMDRAM can be tested as if it were 256K DRA}1 by the following method. 

Block Diagram in Test Mode 
An,Am 

Nch 

An,Am 

TF Pin= Super voltage; Test Mode 

TF Pin = VIL (TF) 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 J 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC511002AP/AJ/AZ·70, TC511002AP/AJ/AZ·80 
TC511002AP/AJ/AZ·l0 

"Test Mode" function is performed on any of the timing cycles including 

static column mode when "TF" pin is held on "super voltage (VCc+4.5V(VCC=5V±lO%). 

max. voltage = lO.5V)" for the specified period (tTES, tTEHR and tTEHC; see Fig. 2). 

The address input of A9 is ignored in the "Test Mode", 

On the other hand, normal operation requires the "TF" pin be connected to 

VIL(TF) level or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 

HAS 
v IH 

vIL 

vIH -
cs 

vIL - tTEHC(Ons) 

tTEHR( 0 n e) 

TF 
v1H(TF)-

VIL(TF)-

Fig.2 Test Mode Cycle 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
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OUTLINE DRAWINGS 

Plastic DIP 

0.5±0.15 

Unit in mm 

7.6 2±0.2 5 

0:-15° 

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

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

All dimensions are in millimeters. 
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TCSll082AP/AJ/AZ-70, TC5ll 002AP/AJ/AZ-.O 
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Plastic SOJ 

17.02 -17.27 

"26 25 24 23 22 18 17 16 15 14 'I 
DDnDn DODD 

... ,.. 
'" ~-------- ~~---------r I 

INDEX DOT 
o 
U') 

'" 

~J 
""-""11 I~'· I 

9.5-9.9 . 

Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511 002AP / AJ/ AZ-l 0 

Plastic ZIP 

26.3 MAX. 

'! 

INDEX DOT 

cI 
I I 

I 
! 

II 
~ 

O.5± O~ 127 TYP. 

1 3 5 7 9 11 13 15 17 19 

~~ 
2 4, 6 8 12 14 16 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Unit in mm 

3.0MA..'{. 

P 

1.27 TYP. 

2.54, TYP. 

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 ~vithout notice, to change said 

circuitry 
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TOSHIBA MOS MEMORY PRODUCTS 
TC514256AP I AJI AZ-70, TC514256AP I AJI AZ-80 
TC514256AP/AJ/AZ-l0 

DESCRIPTION 
The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 

bits. The TC514256AP/AJ/AZ 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 TC514256AP/AJ/AZ to be 
packaged in a standard 20 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 per
formance logic families such as Schottky TTL. 

FEATUR::S 
262,144 word by 4 hit organization 
Fast accesc; tirTlE 2nd cycle time -

I ! "I'c;':l ~6J.:iY'j.':;/J-2 -7~ '-E:::~ " ., 
I:RAC RAS Access ':irr:E: I 70ns I Sans T 

tM Column Address 
I 

3Sns I 40ns I Access Time I 
tCAC CAS Access Tirue 1 20ns ! 2(ms 

1 ! 

tRC Cycle Time I 130ns I 150ns I I 
Fast ?2ge !'iode 

I 
I 

I 
tpc 

Cycle Time 
:. (ms i 45ns 

i - , 
S~ngle po~er supply 0: ~\J=lO% wltn ~ 

built-in ~BB generator 

PIN CONNECTION (TOP ~I~W1 

lOOns 

SOns 

25ns 
180ns 

55ns 

Plast ie DIP 
VCJ.a~pvss 

Plast ic SOJ 
?" 

:/C.2[': aD\2~ 

Plastic ZIP 
3E~ 

=/C? d 2 :9 b vo,., 
v.:o-.2TE d 3- lS D : .. /'C::: 

~d~ :-~5T 
):,:,~, lEDGE 

:/:,::: 0 ::, ~ 0 ::./C!~ 

\'.-.-:.. ~~=- [I ::- 4;- D ' 
"".'" G , z:: 0 
:.:.~, ~p 

d 9 J: b J-Z. 

J-.2 C<.li :':' D r.7 

..:':" C''::'''':' ..If:: P.E.· 
",,0 [ ;;: J: ~ r.: 

\'c: ~ je .b D A' 
'-------.J 

J._006 ~~PAc 

A:eSC HOAC 
AC q 8 1: p r.e 
A3Y9 12DAc 

'iC;::; C: :10 1':; b ;'/", 

PIN NAf.1ES 
AO °0 AS I Address Inputs 

RA,S I Rov Adcress Strobe 

CAS I Column Address Strobe 
\'ITRITE ! Read/h'rite Input 

OE I Output Enable 
1/01 '0 I/041 Data Input/Output 

Vec i PO\\1er (+5\') 
\ISS I Ground 
l\, C. ! No Connection 

I 

I 

~4()mh' 

385m\'; 
330rnh' 
5. Smh' 

HI,;': , 
}<'y :0\., • 

~LL'): • 

~1AX. 

Operating(TC514256AP/AJ/AZ-70) 
0perating(TCSl4256AP/AJ/AZ-80) 
0perating(TC51~256AP/AJ/AZ-IO) 

Outputs unlatch8d at CV cl8 end cllo\1:; 1:\>'0-

dimensiona~ chip selection 
Read-~lodifv-hlrite, CAS before RA.S refresh, 

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

All inputs and outputs TTL compatible 
51~ refresh cvcles/8~s 
Package 

;,.0 

Plastic DIP: lCS1~256AP 

Plastic SOJ: TC51~256AJ 
Plastic ZIP: TC514256A2 

BLOCk DIAGRAI': 

~ , 

ST..).t:.S7F.L..l!:" El.A2 
G2~"E?JI.TO? 
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TC514256AP/AJ/AZ-l0, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-l0 

ABSOLUTE rMXIMUM RATINGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN -1", 7 V 
Output Voltage VOUT -1'" 7 V 
Power Supply 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 m~' 

Short Circuit Output Current lOUT 50 rnA 

REcm·l~1ENDED DC OPERATING CONDITIONS (Ta=O", 70·C) 
SYMBOL PARAMETER NIN. 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 NIN. 

OPERATING CURRENT 'lC!ll<2S5.AP/AJ/AZ~.70 -
ICCl Average Power Supply Operating Current 'lC5Y2l5A.P/AJ/AZ -eo -

(RAS, CAS, Address Cycling: tRC=tRC MIN.) 'lC5lA2E6AP/AJ/AZ-10 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT 'lC51425SAP/AJ/AZ -70 -

ICC3 Average Power Supply Current, RAS Only Mode To~AP/AJ/AZ-80 -
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 'lC~/AJ/AZ-10 -
FAST PAGE MODE CURRENT 'lC=AP/AJ/AZ-70 -

ICC4 Average Power Supply Current, Fast Page ~1ode '!C~/AJ/AZ-80 -
(RAS=VIL' CAS, Address Cycling: tpC=tpc NIN.) 'lC~/AJ/AZ-10 -
STANDBY CURRENT 

ICC5 Power Supply Standby Current -
(RAS=CAS=VCC-0.2V) 
CE BEFORE RASREFRESH CURRENT 'lC5142:l5AP/AJ/AZ-70 -

ICC6 Average Power Supply Current, m Before 'lC=AP/AJ/AZ-80 -
RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) 'lClllA255AP/AJ/AZ-1O -
INPUT LEAKAGE CURRENT 

11(L) Input Leakage Current, any input -10 
(OV ~ VIN ~ 6. 5V, All Other Pins Not Under Test=OV) 

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

VOH OUTPUT LEVEL 2.4 Output "H" Level Voltage (IOUT=-5m.A) 

VOL OUTPUT LEVEL -Output "L" Level Voltage (IOUT=4.2m.A) 
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1 
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NOTES 
2 
2 
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MAX. UNITS NOTES 
80 
70 rnA 3,4 
60 

2 rnA 

80 
70 m.A 3 
60 
60 
50 rnA 3,4 
40 

1 m.A 

80 
70 rnA 3 
60 

10 lJA 

10 lJA 

- V 

0.4 V 

-



TC514256AP! Ad! Al-70, TC514256AP! Ad! Al-80 
TC514256AP! AJ! Al·l 0 

ELECTRICAL CHARACTERISTICS AND RECOr~~lENDED AC OPERATING CONDITIONS 

(VCC=5V~10%, Ta=O'" 70·C) (Notes 5, 6, 7) 

Sn1BOL PARA!'1ETER 
TC51~256J..:hl' TCsl~256.;P,' TCsl~256AF,' 
AJ!AZ-70 AJ!AZ-80 AJ!AZ-IO U!,ITNOTES 

Ml!\. HAX. m!\. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 1301 150 180 ns 

205 2~5 ns 

tpc Fast Page ~lode Cycle Time 40 45 55 ns 

IFast Page Mode Read-~lodify-
t PR.'!\' I'" CIT' \~rlte yc e lme 115

1 

tRAC I':,ccess Time from RAS 70 I - 80 I - 100 ns 8,13 

~ CAC !."ccess Time from CAS 20 

!."ccess Time fro!:', Cclumn Address 35 

IAccess Tlille from CAS Precharge 35 

tCLZ ICAS to output in Low-Z a 
tOFF Output Buffer Turn-off Delay o 20 

Transition Time (Rise and Fall) 3 50 I 
IR;.5 Precharge Time 50 

tRAS RAS Pulse Width 70 10,000 I 

t RASP IRA] Pulse Width (Fast Page Mode) 70100,0001 

t RSH 'RAS Hold Time 20 

U.S Hold Time 70 -

CAS Pulse ,,'idth 20 10,000 

tRAD 

tCR? 

tCAE 

IRAS to CAS Delay Time 

!r,.;.S to Columr. ~;ciGress Deicy 

ICAS to RAS Precharge T~~e 

ICAS Precharge Time 

ICAS Precharge Time 
I (Fast Page ~~od e) 

IRow Address Set-Up Time 

IRoW Address Hold Time 

Column Address Set-Up Time 

Column Address Hold Time 

Column Address Hold Time 
referenced to RAS 

20 

~=-me: 151 

I 51 

I 10 

1 10 

o 
10 

I 0 I 
15 

55 

tRAL Column Address to RAS Lead Time 35 

t RCS Read Command Set-Up Time 0 

t RCH Read Command Hold Time I 0 
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50 

20 25 ns 8,13 

40 ! - 1 50 ns 8,14 

40 i 1 I - 50 ns 8,14 

o 01 ns 5 

o 20 01 20 ns 9 

50 50 ns 7 

601 I 70 I I ns 

80 10,000 100 10,000 ns 

80 ~OO, 000 100 100,000 ns I 
20 - ! 25 ns I , 

80 I 100 - I ns I 
20 10,000 25 I 10,000 I ns 1 

20 60 25 75 ns ,13 

15 1 40 I 20 50 I ns 14 

10 1 TIS 

15 I ns 

I 10 

o o ns 

10 15 ns 

o o ns 

20 ns 

60 ns 

40 I 50 I I ns 

0 1 o ns 

o o ns 110 



TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOM~IENDED AC OPERATING CONDITIONS (Continued) 

TC5l4256AP/ TC5l4256AP, TC5l4256AP/ 

SYMBOL P ARA.'lETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-lO UNITS 
HIK. ~lAX. ~lIN • ~:AX. MIN. NAX. 

Read COlllIlland Hold Time 
0 0 

I I 0 
I I tRRH referenced to RAS 

- - - ns 

tWCR ["'rite Command Hold Time 15 - 15 - I 20 I - I ns 

Ih'rite Command Hold Time 

I 
55 60 75 tWCR referenced to ~ I - - - ns 

th'P II~rite C OlllIll and Pulse I·,idth 15 I - 15 - 20 - ns 

tRh'L Iv,'rite Conunand to RAS Lead Time 20 - 20 - I ~-~) i - ns 

tChT:" lv,lrite Command to CAS Lead Time 20 - 20 - 25 I - I ns 

tDS IData Set-Up Time 0 - 0 - 0 - I ns 

tDR IData Hold Time I 15 I - 15 - I 20 - I ns 

tDRR IData Hold Time referenced to 
55 I 60 75 I RAS - - - ns 

tREF IRefresh Period - 8 - 8 - 8 ms 

twcs I~ri te CO[11mand Set-Up Time 0 - 0 - I 0 I - ns 

tCh'D ICAS to I·/RITE Delay :Ii.TJ1e 50 - 50 - 60 I - ns 

tRI.JD IRAS to WRITE Delay Time 1100 - llO - 135 - I ns 

tAv,'D I,column Address to ,,'RITE Delay 65 - 70 
I 

- 85 - I ns 
Time 

tCSR 
ICAS Set-Un Time 
(CAS befo~e RAS Cycle) 

10 -
I 

10 -
I 

10 
I 

-
I 

ns 

tCHR 
ICAS Hold Time 30 - 30 -

I 
30 

I 
- ns 

(CAS before RAS Cycle) 

tRPC iRJ-.S to CAS Precharge Time I 0 - 0 - 0 - ns 

tCPT 1 c..; 5 ?recharge Time (CAS before I 40 
I 

-
I 

40 I - 50 - ns 
iR.I,S Counter Test Cycle) I ! 

cROE ~ Hold Time referenced to OE 
I 

10 I I 10 I 20 I - - I - ns 

tOEA lOt- Access 7ime - I 20 - I 20 I - 25 ns 
I 

tOED 10E to Data De:!.ay 
I 20 - 20 I - 25 i - I ns 

tOEZ loutput buffer turn off Delay 
0 20 0 20 0 25 

I Time from OE 
ns 

tOEE 10E CommanC Hold Time 20 - 20 I - 25 - I ns 

CAPACITANCe: (VCC=5V::IO%, f=lMHz, Ta=0"C70°C) 

S'.'!'lBOL I I i ~lAX.J llKIT FARM'lETER ! HIN. 
ell i Input Capacitance (AO "C A8) I - I 5 I pf 

C12 I Input Capacitance (RAS, CAS, I·/RITE, OE) I - J 7 J pf 

Co I Input/Output Capacitance (I/Ol'v r/ol,) I - I 7 I pF 
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NOTES: 

TC514256AP / AJ/ AZ-70, TC514256API AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent da~age to t~le device. 

2. All voltages are referenced to VSS. 

3. 1CC4, ICC6 depend on cycle rate. 

4. ICC1' lCCL depenc on output ~oading. c~p('ci:ied y"lue ;'re obtainec \Cith thee 
oucput opEn. 

5. An in:":ial pause of 200ws is requirec 2iter pO\..1er-up fol)o~'ed by E~ R./.S cycles 
before proper cie\'ice operation is achie\led. In case of uSiuf internal refresh 
counter l a r.-:::'nimum 0: 8 c,~~s Before RP.S ~nitialization cycles instead 0: 8 RAS 
c~'cles are required. 

mc~s~re~ents assume tr=5ns. 

7. VIP(min.) and V!~(max.) are reference levels for measuring timing of input 
signals. ~lso, transi~ion times are measured between VIR and VIL. 

8. Measured "ith a load equivalent to 2 TTL loads and lOOpF. 

9. tOFF(max.) and tOEZ(max.) define the time at which the output achieyes the open 
circuit condition and are not referenced to output voltage levels. 

10. ~ither tRCE or tRRH must be s3tisfied for 2 read cycle. 

11. These p2::-ametel-S ore referenced to ChS leading edge in early write cycles and 
to \\iEITE leading edge in F,eac-l'loci:y-\"~rite cycles. 

12. (,.KS, tw".'}), tClm and "A\,'D a"e not rescriccive operating parameters. They are in
cluded in the data sheet as e1ecl::""ic21 characteristics only. If tv.!C5 ~ t'h'CS (min.), 
the C\'C~E is a~ Earlv ~rite cycle and the d2:2 au: pin vill remain open circuit 
(ni[:~i- ir::peG2nce) thr;1.2~rj the "E:I'l:i::e cy~le; If tRI.!D;: tRM1D(min.), tCh'TI; tChTD(min.) 
anc tA·~.JD ~ L.,;'\-;v(r::in.), tne cycle is 2 Read-::-lodify-~\;::-ite cycle 3nc the aata au:: \\~:"ll 

contain ~2ta rea2 from the selected cell: :~ neither 0: the a~ove sets of con
ditions is s2tis£ied~ the condition of the 6a,[2 uut (at access time) is in
oeterulinate. 

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

14. Operation ~ithin the tRAD(rnax.) limit insures that tRAc(rnax.) 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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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-l0 

READ CYCLE tRe 

RAS 
vIH - tAR 

V1 L -

CAS 
VIH -

V1L -

AD-AS 
VIL -

'RP 
, 

tCRP f 

I tAA~ :~: = ljj ////I///II//}// ! ~ ~ROH I I Vl!lI/!)!!I IIIII)!)/; 

DE ~~~ = IjjjJ1JI/;?II//i/J;i;J//;;A~ P!;JvWJ///l/1I! ///J/J//J/1ffi 
I tRAC I t~AC : I tOEZ 9 

1/01-1/04 VOH ---- O~EN 1 h'77J- VA~ID DATA-OUT 1-----
VOL - I tCLZ ~ I 

lIm: "H" or ilL" 
WRITE CYCLE (EARLY k~ITE) 

'tCRP 

CAS VIH - f' J' I !: 'l I. 'CAS 1" 
V1L - -----II I' 'ItEA" [""-. -±I, ==::±;==:::L_~/' 
v tASR, 'ASC I I ~ 

AO -AS 1H - /1/ . ROW COLUMN tr:'j ....,....,...,.~./..,...,...,....-r./...,....,...,..,...,..,...,..rT/ rT/ "T7/...,..-r-r,/","" I 
VI L _ I . '!J)DR ES S . • pJ)DRES S ,"-"-,-,-,-"-,-'<"':"'u'..I..-'-'~'.J..../....l...r...u....I-u...1....I....J...J..,I....lJ...J.!.J.jJ , 

: tRAD 1 I 'CoWL I I I 
. I fwosl ~ I . 

WRITE ~~: _ 2I!JJ1I7J)JI/!l/m !'CWP r==]r//JJ/J///J////JlJI!II!IIIiIIIII ///j/JZ 
I I ~woRI I I 
I I I! 'RWL i 

OE ~~~ = !l///////J1/Z/// (1/1Ii) /f///J/ ill !II///!I!fl/J/J/////J//J!II !III/J/!J/Z 
I ~DHRI i 

tDS: I ~ 
"IH --------<fALIDDATA-1Nl----- OPEN 

"IL - I i 

1/01-1/04 
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TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

WRITE CYCLE (OE CONTROLLED WRITE) 

AO-A8 
VIE -..,...,......,.~ 4-""""";"':-'/

vIL -.u..:....u..u/ ~:.=~ 

READ-MODIFY-WRITE CYCLE 

RAS 
vIB-

vIL-

CAs vIE -
vIL_ 

AQ-A8 
VIE-I 

VlL-

tRP 

tCRP 

I :CWL I I 
.: tRWL . 

fZZJ: "H" or ilL" 

t.RAS 

t.CSH 
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TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

FAST PAGE MODE READ CYCLE 

AO-AS V1L _ 

ViRITE VIH-

Vn.-

OE 
VIH-
VIL_ 

1/01-1/04 VOH-

VOL-

~ : "H" or ilL" 

FAST PAGE MODE WRITE CYCLE 

AO-AS VIL-
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lC514256AP / AJ/ AZ-70, lC514256AP / AJ/ AZ-80 
lC514256AP/AJ/AZ-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

tCSH 

tCRP 

AO-A8 // 

VIH _--i----t'\ 

vIL_ 

r~Ol VVOE - _____ ~ 

1/04 VVOL-

vila: "H" or "L" 
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TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

RAS ONLY REFRESH CYCLE 

t 

VIH-
CAS 

vIL-

vIH -
AO-A8 

VIL-

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

CAS BEFORE RAS REFRESH CYCLE 

tRP 

RAS 
vIH - t S 
vIL- tRPC 

VIH -
CAS 

VIL-

j VOH -
VOI-I/04 

VOL -

Note: WRITE, OE, AD'" A8="H" or "L" 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE CREAD) 

V1H---"" 
I\>----~--I 

vIL-

AO-A8 

, I 
WRITE :~: =IIIIIJ/J/J! I 

I f-I --+--"'~ "'---I 
WII/II !/I//////J/J/J/J/J/I////I III/Ill 

I 
OE 

I/Ol-J/04 

v I H _-n-r-r"'-'--'-'-~-:-r-r-1"""'" 

VIL -~.w...l..f-J....J-/...Io:..J-L.L.~'l"--t__-----LW~w...:...;...~-'-'-'---~.1....I....l-w... 

VOH -
-------(l. 
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TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-80 
TC514256AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (~~ITE) 

OE :~: =/1//11/1//11//11/////11////1/// 1!/!/lJ/!/I!/!///lI/ 111/1/1/1/11/1/1/1/ 
I I e,c I i t,w I 

I/Ol-I/O~ ::: =''''''''-:i/;-;-:-Ijl/---r-,.,II>[ ~- ~ALllD DA:~ Wr:-rI/-rr-7j //~!/2"""""'1/-r:-!I!~!/..,-,-,!//--r,-!/-c-r;7/!~///~//-'-;-/IZ.,....,...,//--,-,-!Z~I/I........,./!! 
I . 

/l//d: "H" or "L" 
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TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-SO 
TC514256AP/AJ/AZ-l0 

CAS BEFORE RAS REFRESH COL~TER TEST CYCLE 

FEhD CYCLE 

I 
I 
I 
! 
i l I/C2 -1/04 

hTRITE CYCLE 

! tRF ! 

\ ______________ t~N=.2 _______________ t' ~ 
V1L -

" I· '1,1 1 tcp-:; tRSE 

VIli - ~[:;E"! I teli" 'r ~! __ ----t_C:_f'_"---!;' ~I' 
V ~ + [!~~·, .. --------~~~~/I 

IL - I t~J.:! : i i 

i ! I 

V r .," - ----- O'Er; 
\'OL -

i ~i _1'-'1 ____ ,"-:'1_.':~ ____ _ 

'Ii I' ., 

1~V-; 

VIE -,'" -r----,--,..,.-,-:-;-:-;,...,---,--:-;.,---,., 's i '1'.'::" r:-c--;-,...,--7c----;---;--:-;~ 
, : 
, . , , 

or. 'i. IE -. /1.11.11. /. / / / / I i. / /11. './j/II .. /I /. Ii /I / // / ! I 1/ / /I! / /I II·I///i ////!I· .1//1/11/. ~,'~~ _1/,/1//// //'///1//; / /."///,///,1'1'//.'//////'////,,'/////1. ' 1//1/, 
, I, 
! ~~ ~ '-:- ! ! 

VI:2 - --- -----( 'if':'II I;:Tf.-H.' }>------'--------. - ~ 
i 

tRV,"L READ-~jODIFY-h'RITE CYCLE 

( 

E22d: "H" or "LI! 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-l0 

OUTLINE DRAWINGS 

. Plastic DIP 

Note: Each lead pitch is 2. 54rrc:. 

All leads are 10eated v.'ithin O.25m--:; of their true longitudinal 

position ~ith respect to No.1 and Ko.20 leacis. 

All dimensions are in millimeters. 
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. Plastic SOJ 

TC514256AP/AJ/AZ .. 70, TC514256AP/AJ/AZ-aO 
TC514256AP/AJ/AZ .. 10 

! i G.9'T';'P. 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-l0 

• Plastic ZIP 

2e~MAX. • I 
~~------------~ 

INDEX DOT 

cI 

II Q5±Q1 1.27TYP. 

1 :3 5 7 9 11 13 15 17 19 

2 4 6 8 12 14 16 18 20 

Note: Each lead pitch is 1.27mrn. 

All dimensions are in millimeters. 

Unit in mm 

"2,+Cl 0 7 
u V_Cl05 

l.2'7TYF. 

2.5~ TYP. 

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 M-EMORY PRODUCTS 

DESCRIPTION 

TC514256APLlAJLlAZ~70, TC514256APLlAJLlAZ~80 
TC514256APLI AJLI AZL-l 0 

The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 
262,144 words by 4 bits. The TC514256APL/AJL/AZL 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 TC514256APL/AJL/AZL to be packaged in a 
standard 20 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 famillies such as Schottky TTL. 

FEATURES 
·262,144 word by 4 bit organization 
'Fast access time and cycle time 

I TC514256APUAJUAZL-70/-80/-10 

tRAC "RAs AccesS Time 70ns 80ns 100ns 
tAA Column Address 35n5 40ns I SOns Access Time 
tCAC (]S Access Time 20ns 20ns 25ns. 
tRC Cycle Time 130ns I 150ns 190ns 
tPC Fast Page Hode 

40ns I I 

Cycle Time 45ns 55nsJ 

'Single power supply of 5V 10% with 
a built-in VBB generater 

PIN COnnECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 
[ 1 20p 

[ 2 19 P 
I 3 18p 
14-

',.·ss 
1/01 \'2S CE ~] r- c;:s 

V04 V02 V04 VO~ ~1 
i...?:.. 

Vb:; 72.lTE L/03 
':3~ 

L-i. V04 
F.A2 CO;; 5' 

[~ 4 
_.J 

VOl 
CAr 

-, 

-Low Power 
440mW MAX. Operat i ng (TC514256APL/A.1L/AZL-70) 

385mW MAX. Operating (TC514256APL/AJL/AZL-80) 

330mW MAX. Operating (TC514256APL/A.1L/AZL-IO) 

1.1mW 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 Page Mode capability 

'AII inputs and outputs TTL compatible 
. 512 refresh cycle/64ms 
-Package Plastic DIP:TC514256APL 

Plastic SOJ:TC514256AJL 
Plastic ZIP:TC514256AZL 

BLOCK DIAGRAfI1 

VOl !/b2 V03 V04. VOl 

V02 

'WF,I:-E 

m 
N .. C. 5 

17 ;1.C. 5 
CE 

tA;:2 :E '1_.; 
[~ 7iRi7E -, 

AO 

Al 

A2 

A3 

'Icc 

6 

7 

I S 

I 9 

10 

16 
lS 

14 

13 

12 

11 

PIN NAf·1ES 
AO '" AS 

RAS 
CAS 
WRITE 
OE 

1/01 '" 1/04 
VCC 
VSS 
N.C. 

?to':; ::lj 
AS AO 9 18 ;.B 

AO JjJ 
AI 10 17 A7 

A7 lB l\2 ~J A2 11 AS 
A6 A3 12 15 A5 Vee ~J 
AS Vee 13 ~ A40 A5 £7J 
A40 A7 ~J 

Address Inpu ts 
Row Address Strobe 
Column Address Strobe 
Read/Write Input 
Output Enable 
Data Input/Output 
Power (+5V) 
Ground 
No Connection 

. 
AI 

~-r-
L~ ;.:3 

[~6 A4 

[~ A6 
r--
:..~ AS 

AD 

~.l 

l\2 

A3 

M

AS 

A6 

A7 

AS 
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TC514256APU AJU All -10, TC514256APLI AJU All-aD 
TC514256APU AJU All-l 0 

AB~OLUTE MAXIMUM RATINGS u 

ITEM I SYMBOL I RATING I UNITS I NOrES 
Input Voltage i VIN I -1~7 L V 1 
Output Va I tage I VOUT I -1~7 I V i 1 
POllier Supp I y Va I tage I Vee I -1~7 I V I 1 
Operatino Te~peratur() I TOPR I 0~70 : 'C 1 
Storage Te~perature TSTG I -55~150 I 'C 1 
Soldering Temperature • Time I TSOLDER i 260· 10 I 'c . see 1 
Power Dissipation I PD I 600 I roW I 1 
Short Circuit Out]ut Current I lOUT ! 50 I mil ! 1 

L 

SYMBOL I PARAt~mR I MIN. I TYP. I MAX. I UNIT : NOTES 
lice . I SuPp I y Va I tage ··In 5.0 ; Ti.5 T v ., 2 I 

VIII j Input High Voltage l 2.4 - I 6.5 I V I 2 
VIL I I nput Low Va I tage 1-10, - I 0.8 I V I 2 

, , 

SYMBOL' I PARM-1ETER I MIN. I MAX. I UN ITS 
I OPERATING CURRENT TC514256APL/AJL/AZL-IO - I 80 

Ieel I Average Power Supply Operating Current TC514256APLlAJLlAZL -80 I - +_~O~ mA 
I (MS, CAS, Mdress Cye ling: tRC=tRC MIN. ) TC514256APL/AJL/AZL-l0 - 60 
I STANDBY CURRENT I I 

Icc2 I Power Supply Standby Current -
I 2 I mA 

(RPS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TCS14256APL/AJL/AZL-70 - 80 

Ice3 Average Power Supply Current, RAs Only Mode TC514256APL/AJL/AZL-80 - 70 mA 
(RAS Cyel ing, CAS=VIH: tRC=tRC MIN.) TC514256APL/AJL/AZL-10 - 60 
FAST PAGE MODE CURRENT TC5142S6APL/AJL/AZL-IO - 60 

lee4 I Average Power Supply Current, Fast Page Mode TC5142S6APL/AJL/AZL-80 - 50 , mA 
. (RAS=VI L 'CAS, Address Cye ling: tPC=tPC MIN. ) TC514256APLlAJL/AZL-10 I - 40 I 

STANDBY CURRENT 
IceS Power Supply Standby Current - 200 I1A 

(HAS=CAS=Vce-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TC514256APL/AJL/AZL-70 - ! ,80 

Iee6 Average Power Supply Current, CAS Before TC514256APL/AJL/AZL-80 - 70 mA 
lIAS Mode (MS' CAS Cyel ing: tRNRC MIN:) TC514256APL/AJL/AZL -10 I - .60 I BATTERY BACK UP CURRENT 

I -lee7 Average Power Supply Current, BATTERY BACK UP HODE 200 I (CAS='CAS Before HAS Cycling or 0.2V, UE=Vce-0.2V, WTTI=Vcc-0.2V or I1A 

I 0.2V, AO-8=Vcc-0.2V or 0.2V, I/Ol-4=Vec-0.2v, 0.2V or OPEN: I I I tRC=125.us, tRAS=tRAS MIN. ~ 1.us) 
I INPUT LEAKAGE CURRENT I j 1I(L) I I nput Leakage Current, any input I -10 I 10 /1. A 

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

IO(L) OUTPUT LEAKAGE CURRENT l -10 10 I1A (Dout is disabled. OV ~VOUT~Vcc) 
OUTPUT LEVE L 12.4 i -

I 
Vatl Out put "H" Leve I VOLTAGE (lOUT =-SmA) I V 

I OUTPUT LEVEL I I 
I Output "L" Level VOLTAGE (IOUT=4.2mA) I - I 0.4 I V 

I 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP / AJ/ AZ-l 0 

ELECTRICAL CHARACTERISTICS AND RECOr~MENDED AC OPERATING CONDITIONS 

(Vee=5V±10%, Ta=O"- 70 0 e) (Notes 5, 6, 7) 

TC514256APL TC514256APL TC514256APL 
SYl-lBOL PARAMETER -70 -80 -10 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 
tR.'1W Read-Modify-Hrite Cycle Tille 185 - 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tPRMl.J 
Fast Page Mode Read-Modify- 95 - 100 - 115 - ns 
\.Jrite Cycle Time 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,l3 
t CAC Access Time from CAS - 20 - 20 - 25 ns 8,13 
tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14 

tCPA Access Time from CAS Precharge - 35 - 40 - 50 ns 8,14 

tCLZ CAS to output in Low-Z a - 0 - 0 - ns 5 

tOFF Output Buffer Turn-off Delay 0 20 1) 20 0 20 ns 9 
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse Hidth 70 10,000 80 10,000 100 10,000 ns 
t RASP RAS Pulse Hidth (Fast Page Mode) 70 100,000 80 00,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 
t CAS CAS Pulse l.Jidth 20 10,000 20 10,000 25 10,000 ns 
t RCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 14 

tCRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

CAS Precharge Time 10 10 10 tcp - - - ns 
(Fast Page Mode) 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - a - ns 

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR 
Column Address Hold TIDe 

55 60 75 
ref erenced to RAS 

- - - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 
tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
t RCH Read Command Hold Time 0 - a - a - ns 10 
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TC514256APLlAJLlAZ~70, TC514256APLlAJLlAZ~80 
TC514256APLI AJLI AZl-l 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
TC514256APLiTC514256APL TC514256APL 

SYMBOL PARAMETER -'70 -60 -10 
UNITS 

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

tRRH 
Read Command Hold Time 

0 0 referenced to ~ - - 0 - ns 

tWCH \,Trite Command Hold Time 15 - 15 - 20 - ns 

tl~CR 
IVrite Command Hold Time 

55 60 75 referenced to ~ - - - ns 

tl~ IVrite Command Pulse Width 15 - 15 - 20 - ns 

tRWL I~rite CODJ!IIand to RAS Lead Time 20 - 20 - 25 - ns 
tCI-rL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

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

tDH Data Hold Time 15 - 15 - 20 - ns 

tDHR Data Hold Time referenced to 
55 60 75 

RAS - - - ns 

tREF Refresh Period - 64 - 64 - 64 ms 

t\-1CS Hrite Command Set-Up Time 0 - 0 - 0 - ns 

tCWD CAS to IffiITE Delay Time 50 - 50 - 60 - ns 

tRIID RAS to WRITE Delay Time 100 - 110 - 135 - ns 

tAIID Column Address to WRITE Delay 65 - 70 - 85 - ns 
TiI:le 

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

tCHR 
CAS Hold Time 30 -
(CAS before ~ Cycle) 

30 - 30 - ns 

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

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

tROH ~ Hold Time referenced to OE 10 - 10 - 20 - ns 
tOEA OE Access Time - 20 - 20 - 25 ns 

tOED OE to Data Delay 20 - 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay 0 20 0 20 0 25 ns 
Time from OE 

tOEH OE Command Hold Time 20 - 20 - 25 - ns 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=O'" 70°C) 

SYHBOL PARAHETER HIN. NAX. UNIT 
Cn Input Capacitance (AO '" A8) - 5 pF 

CI2 Input Capacitance (RAS, CAS, ~1RITEJ OE) - 7 pF 

Co Input/Output Capacitance (1/01'" 1/04) - 7 pF 
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NOTES: 

TC514256APUAJUAll-70, TC514256APUAJUAll-80 
TC514256APli AJU All-l 0 

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. I CC4. ICC6 depend on cycle rate. 

4. ICC1. ICC4 depend on output loading. Specified value 
output open. 

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

6. AC measurements assume 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. 0 

8. Heasured with a load equivalent 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 are not referenced to output voltage ~evels. 

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.JRlTE leading edge in read-modify-\vrite cycles. 

12. tHCS, tRl.JD, tCHD and tAIID are not restrictive operating parameters. They are in
cluded in the data sheet as electrical characteristics only. If twcs; twCS(min.) 
the cycle is an early wirte cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRI.JD; tRhT]} (min. ), tC\.JD; tCI.JD(min.) 
and tAI.JD ~ tAI.JD(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 con
ditions is satisfied, the condition of the data out (at access time) is in
determinate. 

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 
specified tRCD(max.) limit, then access time is controlled by tCAC' 

14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. 
tRAIl(max.) is specified as a reference point only: If tRAIl is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA' 
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TC514256APU AJU All-70, TC514256APU AJU All-80 
TC514256APU AJUAll -10 

VALID DATA-OUT I}-------

~ ________ ~~ ______ ~,~,===t~~~p==~ 
i 

Vr:., -
tCSH I 

tRCD I I tRSH I t~RP 

AO-A8 

OE ~~~ = V//iJ//! (/iJl/mlll/! /l1II////)I//!Ii / 1/ /iII//J// /!//f//J// I///!J//IIZ 
~~ f ' ~ 

VIH - ~ ---------< IVALID DATA- IN >----------- OPEN 
VIL - .-

I/Ol-I/04 
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TC514256APLlAJLlAZ~70, TC514256APLlAJLlAZ~80 
TC514256APLlAJLlAZ~10 

WRITE CYCLE (OE CONTROLLED WRITE) 

t:RC 

tRAs 

RAS VIH_ tAR 
vIL_ 

t 

tRCD tRSH tCRP 

CAS vIH-

vIL- tR.~D 

vIH-
AO-A8 

"" ;:: 7I!ffi/mII@l/!lztn1 J ~@I §@11!i/J)1/!!J7//!Z:7J/2 

~~~ ) <V/IIJ12WALID DATA-IN tm /lIlli/ii l1l/I)////1 1/1/// !IIi/; I/o I-I/O 4. 

12221: "H" or ".1" 

READ-MODIfY-I·nUTE CYCLE 

RAS 
vIH-

vlL -

GAS VIH-

VIL_ 

VIR-
AD-AS 

VIL-

VIR ----+====:t===*============H-~~__:_;:;~'7777TT'77I:r777 
VIL-

OE VIH

V I L - ..I..I...L,.J....l..4.~'-"-"-'.J..I...f...'-'-'-' .......... f-'-'-~-t--' 
t---"--'--t 

I/OI-I/04. VI/OH ---------+----<ll 
VI/OL - 'P1''-----''r 
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TC514256APU AJU AZl-70, TC514256APUAJU AZl-80 
TC514256APUAJUAZ~10 

FAST PAGE MODE READ CYCLE 

AO-A8 

1/01-1/04 

~ : "H" or ilL" 

FAST PAGE HODE WRITE CYCLE 

AO-AS v1L-

1/01-1/04 
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TC514256APUAJUAZL-70, TC514256APUAJUAZL-80 
TC514256APUAJUAZL-l0 

FAST PAGE NODE READ-MODIFY-\.JRITE CYCLE 

V IH - --1~::::;~i--_-"'="---: 
tCRP 

vIL-

AO-AS 

VIR _--.l----:--. 
V1L_ 

r 
1/01 VVOH-

\ ------~ 
V04 VI/8L-

II 

f2Z1: "H" or "L" 
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TC514256APUAJUAZL-70, TC514256APUAJUAZL-80 
TC514256APU AJU AZL-l 0 

RAS ONLY REFRESH CYCLE 

t "P 

t ,~ 

vTL----' 

tA..SR t: 

AO-A8 

VlH- ~~ 
::: -U A~~r-r-r.!I/""""""'7I t-r-rrm"""-'-/I j/;'I"7'7"771/--rT7mrr-rm"""-'-7 @rrr-;///"T77m-r-r-roI/I1'---_ 

Note: vnUTE, OE="H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

I/01-I/04 

VIH -

V1L -

VOH -----'-~ 

teER 

Ir-----------
vOL - --------t 

Note: WRITE, OE, AO'V A8="H" or "L" 
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TC514256APUAJUAZl.-70, TC514256APUAJUAZL-88 
TC514256APLlAJLlAZ~10 

HIDDEN REFRESH CYCLE (READ) 

I ~r I 

J/!/ ////1/1//1/1//1/ If@/ 

I 
l t(' ;.,"'" I .. 1 tOFF 

t~l_AC ~ tOE:: I 
I Wr I VALID DATA-OUT 
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TC514258APU AJU All-70, TC514258APU AJUAll-80 
TC514258APUAJUAl~10 

HIDDEN REFRESH CYCLE (WRITE) 

CAS VIH

VIL -

t 

OE :~: = Will! /III II! 1//1/1 /l1////J///!1 /lJ/I//I /II II! II I III!J/J// /1//1// !/; 
I tDS I tDH I 

V 1H - ~"'"' rrr-r-r-r-r-r-~~...,..,..-r-r-r-r-r-r-r-r-r-rrrr-r-rrr-:-r-r-r 
VOl-I/O<\, VALID DATA 

VIL - /...J...J...L.J.l.-fJ F------'f 1..L...i...~<...:..J....L.J~.J...J...J....J.J...J....J....J...I....I....IJ...U..J...J....J....L.. 

~: "R" or "LII 
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TC514256APU AJU All-70, TC514256APU AJU All-aD 
TC514256APU AJU All-l 0 

CAS BEFORE RASREFRESH COUNTER TEST CYCLE 

READ CYCLE 

I 1M ~'o" 
1/01-1/04 :~: =--- OPEN -----i-H-II-~ VALID DATA-OUT ~ 

I: II ::;: I ·1 WRITE CYCLE 

r 
~ VIE - f/~7I/;!TTi7 //ITTV~~71//;T7T7!1/;'777mTTTII/TTTII2\:::i I· tWCH 'y/r-rr:71j""""'!I~"'rr;'7//7n!l/-;-r-;m-rr7m-rr77l 

VIL f4-l1 I I 

OE :~: _1/1 /IJ///JlJ// I/IJ/1!J///J/ fl/J///!/////!/// /I ///!///!/I///J/! /Iii 
I ~\ tDH I I I 

I VIE - ~] I I/o I-I/O 4 • OPEN -----;. VALID DATA-IN --1--+,1-+----
~ VIL -- - tCWL 

READ-MODIfY-lmITE CYCLE ,~~~ I tAWD tRWL 

~ tCWD 

vIH -"""""'77T7'77T7'77T7TTT777T7*::::Lj:=========~ ~,...,.,..,,-rrr-r~ 
WRITE VIL _ T ~ 

~ V IH _ ~-r-rrr,...,...,...,..-r-r-r-r-r-rrr..,.-,-rri-rr-n-ri. tOEA 
OE 

VI/OH -
I/o I-I/O 4 --------'-\V 

VI/OL -
I 

I 

~: "Rtf or "L" 
V ALID DATA-OUT 
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TC514256APU AJU All-70, TC514256APU AJU All-aD 
TC514256APU AJU All-l 0 

OUTLINE DRAHINGS 

• Plastic DIP 

:a:J 19 18 17 16 15 14 13 12 11 

R1D 10:: :-::::: Il 
12345678910 

24.7MAX 

z 
~~~c=~~~~~~=t~==~~=+ 
oi 

0.5±Cl15 

i1.4 :!:Cl15 

Note: Each lead pitch is 2.54mm. 

2.54:::0.25 

, 
'I 

!J 

Unit in mm 

7.62±0.25 

.11 Cl25~~~5 

All leads are located within 0.25mm 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 

TC514256APU AJU All-70, TC514256APU AJU All-SO 
TC514256APU AJU All -10 

17.02 - 17.27 

25 25 24 2.3 22 

-+-+-IN-D~~----' 
, 

1 2 3 4 5 

, (155-(181 
I 

!1.27TYP. 
I 

~.5 - Y.9 

9 10 11 12 13 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TC514256APL/AJL/AZ~70, TC514256APL/AJL/AZ~80 
TC514256APL/AJL/AZ~10 

• Plastic ZIP 
Unit in rnm 

25.3MAX I 

\·.,----------,·1 ~ 

INDEX DOT 

d 
>< 01 
-< d ::; 

-H '.0 .... "' ~ 
<Xi 

.::;:; ~ 

I o.S± 0.1 1.27TYP. 

~l 

1 3 S 7 9 11 13 IS 17 19 

Z 4 6 '3 12 14 15 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

0.25 +0.07 
- 0.0 S 

1.27TYP. 

2.54TYF. 

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 PRODUCTS 

DESCRIPTION 

TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-l0 

The TCS14266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TCS14266AP/AJ/AZ 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 TCS14266AP/AJ/AZ 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 SV±lO% tolerance, direct interfacing capability with high perform
ance logic families such as Schottky TTL. 

FEATURES 

262,144 word ~)' ~ bit organization 
. Fast acce~s t~m0 a;1~ cvcle tim~ 

I ~CS ~ ... 2tJoliP i AJ /' l ____ = 
I -70/-S0/-10 

tRAe RAS AccesE Tlme 70ns I Sans lOOns 
Column Address 

35ns I L;0ns SOns t ,OJ, Access Time 

rCAC CAS Access Time I 2CiIC S I 20ns I 25ns I 

tRC Cycle Time l30no I lSOns IS()ns 
fast Page Hode 

40ns I L,5ns I 55ns tpc Cycle Time 

PIN CONNECTION (TOP VID,J) 

Plastic DIP 
1;I;'l-"1Cl ~"':2:::' 

W,z./}02 dz 19[],o\'';''':':l; 

WE/',E 03 1 Sb7::'.I:c 

PI.astie SOJ P12stic ZIP 

. 
AO 

-:.:-5 O~ 17D=2 
F.:. OS __ ~-'" 

PIJ q6 lSP;,f 

J..2 d-' 2';QD 

.h2 DE 13bAE 

;:' OS ;Zpf: 

~Y'cs OlO llPA'::: 

~~ 

'\. A8 
RAS 
CAS 

hS/\-!E 

OE 

Wl/Wl rf""'"ft p v so: OE 
\\:/:c~O< ;c5pW.;,.-1J; V,:V~:3 
v.·5//\',~d3 ?4DV.:"<iC::= ~\'s: 

r·:-~':04- ;:';:0':.:-5 V,~, 18:: 
,:. Co ~ 

! 
~L"O;' 

" . c 
~-- ~-'-

-''::Oll }:OP: 
-,.~; Ol;:" :"::D;~ 

V~S ~:= l~p ~ 

IAddress Inputs 
IRov: Address Strobe 
I Colmon Address Strobe 
Ih~r~te. Per Bit/Read/ 
,~';rlte Input 
IOutput EClable 

1n/IOl'\.i"~/I041~ri[e Se:Lect/Da1:c 
~nput/Output 

VCC IPo,-'er (+5V) 
vSS IGround 
N.C. INo Connec::ior, 

Single po~er supplY of 5V=10% v:ith a 
built-in \;BB generator 

Lo,",' PO\~'E:"!'" 

4i.():"ilh' ~;;~<. Operating(TC51~266AT' .0,]/;.::-7(,,) 
::;:::Smh' ~L~. Operating(TCSll,266AP/;.J/J.Z-80) 
330m\, HM. Operat:ing(TC511,266AP/AJ/A:::-IO) 
S.5m\' K'c.\, Standbv 

Output unlatched at cycle end allows two
dimensional chip selection 

Reac-l'iodify-,\·]!'it€, C:-··~S before RAS refresh) 
F ..... ~.S-only refresh, Eidden l"efres!-: ~ ~\lri te 
Fer Bit anc Fast Page hodE; c.apab::.1ity 

All inputs and (1u:purs TTL Conp3t:ible 
512 refresh cvcl~s/8ms 
Package Plastic DIP: TC5H266.'c.D 

Plastic ZIP: ICS14266AZ 

C:LOCf< DI,c,GRPJ0 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITW SYHBOL RAIlNG 

Input Voltage VIN -1 'v 7 

Output Voltage VOCT -1'" 7 

Power Supply Vollage VCC -1 'c 7 

Operaring. Temperature TOPR o 'c 70 

Storage Temperature TSTG -55'" 150 
Time 

UKITS NOTES 

V 1 

\' 1 

V I 1 

! °c 1 
"C 1 

"-i 1 ISOLDER c C • Soldering Tempel'ature. , 260 • 10 sec 
I ~~ 

Power Dissipation PD 600 I mi<1 I I 
Short CiY"cujt OutPut Current 1 aliT 50 TIll, 1 

RECOI,111ENDED DC OPERA Tl NG CONDITIONS (Ta~O rv 70°e) 

SPlBOLI PAEJ0':ETER I ~'1l 1\ • T;·P. i :'lA~< . Ul,IT I lW,[S 

VCC I Suppl \' Vol tLis-:e I ~.5 5.0 5 5 ',' I 
VIE I Input Hi£h Vol tag'" I 2. L; 6.5 \' I 2 
\'IL i lnpu t LOI,' \'oltage I -1.0 0.5 \' I 2 

DC FLECTRICAL CHARACTER1STICS (\CC~5V+lO/;, Ta=O'" 70 c e) - . -

SYl-lBOL P ARj\?-Jt:TER nK. fiAX. Ul\ITS 

IOPER.';TING CURRENT rrc:'l'Z 6CJJ;0"vAZ-7J - I 80 I r-- I 

ICCl IAVerag~o,,'er Supply Operaring Current ITC514255J.JYJ,,]/t2- 801 - I 70 i rnA 
(RAS, CAS, Address Cycling: tRC=tRC !lIK.) )TC51~255J..."B-WhZ-1O - 60 

STANuBY CURRENT 

I I 
1CC2 Power Supply Standby Current - 2 rnA 

(F.P.S~CAS~VIH) 

IFJ.S ON'Ll' REFRESH CGRRE1"T C'PkV"7-7C1 I 80 

ICC3 Average Power Supply Current, RAS Only ~lode h-C514266A]J/WM -CD I - 70 rnA 
I 
I (RAS Cycling, CAS~VIH: rRC=tRC }1H;. ) !TC5142lfJ-JYh.Vr2-101 - 60 I 

I 

I U.ST PAGE ~lODE CURREKT iT:c5J4Z5 6A!YJ..J/M-'lO I - I 60 

ICC4 IAvel' age Pm .. er Supply C:...:.rrent, Fast Page Mode !T::.:.51.;256..t.:v;.":;/J.2-8Gi -
I 50 rnA 

I(RP.S~V1L' CAS, Address Cycling: tPC~:PC MIl, • ) ITS514256W;"vAZ-I01 - i 40 

I STMDBY CURRENT 

I I 
ICC5 Power ~pply Standby Current - 1 rnA 

,(Ri),S=CAS~VCC-O. 2V) 
I 

I CAS BEFORE RAS REFRESH CURRENT !TC5J42 66;]YJ..J/AZ -'loJ - I 80 

1CC6 Averag~o\c~Supp1y Current, CAS Before RAS iTC!)l4266Pjy';"yAZ-BO! - 70 rnA 
,~lode (RAS, CAS Cycling: tRC=tRC HIN.) ITC514256A]J/bJ/M -101 - I 60 

I INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 lJA 

!(O\'~ VIN~ 6.5\', All Other Pins not under Tesr=OV) 

1O(L) 
10UTPUT LEAJZAGE CURRENT 
(DOGT is disabled, 0\';:; V01.;T;:; 5.5\1) -1°1 10 lJA 

VOB IOU:PI:T LEVEL 
Output TlH" Level Voltage (IorT=-S"",.) 

2.4 - V 

\iOL 10U:PGT LEVEL 
1°. 4 

I Output liT II Level Voltage (IOUT~4.2rnA) - V 
L 
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TC514268AP/AJ/AZ-78, TC514288AP/AJ/AZ .. aO 
TC514288AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOt·l~'ENDED AC OPERATING CONDITIONS 

(V Cc=5V::I0%, Ta;0"v70°C) (Notes 5,6,7) 

TCSly ~ bbAPI TC514 ~ DtiA? TCSl~ 2bC,;'.P 
SYHBOL PARANETER -70 -SO -10 UNIT NOTES 

~:Hi . HAX. ml'. ~1A..X • HIN. NAX. 

tRC Eandom Read h'rite Cycle Time 130 - 150 
, 

- 180 -or 1 ns 

:~rh' Read-':odify-\~ri te Cycle Time 118: I - 205 - ~45 - r:5 I 

I 
tpc !Fast Page ~lode Cycle Time 40 ! - 45 1 - 55 - ns 

tpmn,' Fast Page ~jode R~ad-~odi~v-Write 

I 1 100 
1
120 Cycle Time 95 - - - ns 

tRAC IAccess Time from RAS - 70 , 
i - 80 - 100 ns 8.13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tA..A Access Time froTT. Column Address ! - 35 I - I 40 - 50 ns 8,14 

tCPA Access Time from CAS Pre charge - 35 I - I 40 - 50 ns 8,14 

tCLZ CAS to Output in LO'l.--I-2 0 - I 0 - 0 - ns I 5 

torr Output Buffer Turn-Off Delay 0 20 I 0 I 20 I 0 20 ns 9 
tT Transition Time (Rise and Fall) 3 50 I 3 50 I 3 I 50 ns I 7 

tRP IRAS Precharge Time 50 - 60 - I 70 - ns 

tRAS RAS Pulse '·:idth 70 J 0.000 80 , 10.000: 100 ! 10.000 i ns I 
tRASP !RP.S PulSe I-'id th (Fast Page ~jode) 70 100.000 80 ,100.0001100 i100.000 roc:; I 
tRSt' iKAS Eold Time =:0 I -

, 
20 I - 25 - ! ns I I I i 

tCSH !CAS Hold Time I 70 - I 80 - 1 100 - Ins I I 

tCAS CAS Pulse Indth I 20 10.00(' ! 20 [10,000 I 25 i 10.0()(, ns , 
tRCD !K~.5 to CAS Delay Time i 20 I 50 20 f,(: I ~5 75 ns 13 

t?~ P..AS ,C CO:U;::;j A::::::ress D~lc:: Ti~e 
, 

15 i 35 1 15 1 40 1 20 I 50 Ins Ii, , , , 

tCRP 1(;..5 te· RP.o Prec;-Ja~ge ':'::'DE I , 5 I - ! 5 - ! 
I 

5 I - ns 

tcP!; I 

I I I 1(;..5 Prec[,crge Time 10 - I 10 - 15 i - ns 
tc!' leAS P:-echarge Time (Fast Page ~jode) I 10 - 10 I - 10 I - I ns 
tASR IRa", Address Set-lJp TimE 0 I - I 0 - 0 - ns I 
tRAH I Ro\,' Address Hold Time 10 - 10 - 15 - ns 

tASC IColumn Address Set-Up 7ime 0 - 0 - 0 - ns 

tCAR Column Address Hold Time 15 - 15 - I 20 I - ns 

tAR Icolumn Address~ld Time 
referenced to RAS 55 - 60 - 75 - ns 

tRilL iColumn Address to RAS Lead Time 35 - 40 - ! 50 I - ns I 
tRCS !Read Command Set-Up Time i 0 - I 0 - 0 - ns 
tRCH Read Command Rold Time I 0 - 0 - 0 - ns 10 

tRRH Read Comnand Hold Time 

I I referenced to RAS 0 - 0 - 0 - ns 10 
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TC514266AP / AJ/ AZ-70, TC514266AP / AJ/ AZ-80 
TC514266AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TCS14266AP TC514266AP TCS14266AP 
SYI'1BOL PARAl'lETER -70 -80 -10 UK ITS NOTES 

~nK. ~W;. ~:rK . ~W;. ~aK. HAX. 

t WCH Hrite Command Hold Time 15 - 15 - 20 - ns 

\-Jrite Command Hold Time referenced 
55 60 75 tWCR - - - ns 

to RAS 

tli'P liri te Command Pulse \-.'idth 15 - 15 - 20 - ns 

tm·!L \·Jri te Command to RAS Lead Time 20 - 20 I - 25 - ns 

tCHL Write Command to CAS Lead Time cO - 20 I - 25 - n8 

tDS Data Set-Up Tj.me 0 - 0 - 0 -
I 

nS I 11 

tDH Dnta Hold Time 15 - 15 I 
I 

- 20 - I nE I 11 

tDHR Data Hold Time referenced to RAS I 55 I - 60 - 75 - i 115 I 
tREF Refresh Perlod I - 8 - I 8 - 8 I ms 

t\,'CS h1ri te Command Set-Up Time I 0 - 0 I - 0 - ns 12 

tCl·m CAS to 1,'E Delay Time 50 - 50 - 60 - ns 1 c 

tRh'D RAS to HE Delay Time 1100 - 110 I - 1135 - ns I 12 

tAHD Column Address to h'E Delay Time 65 - 70 - 85 - ns 12 

tCSR CAS Set-Up Time(CAS before RAS Cycle) 10 - I 10 I - I 10 - ns I 
tCHR CAS Hold Time(CAS before RAS Cycle) 30 I - I 30 - 30 - ns 

tRPC RAS to CAS Pre charge Time ! 0 I - 0 I - 0 - ns I 
CAS Precharge Time 40 - 40 - 50 - ns tCPT (CAS before RAS Counter Test Cycle) 

tROH IRAS Hold Time referenced to OE 10 - 10 - 20 - I ns i 
tOEA OE Access Time - I 20 [ - 20 - I 25 ns 

tOED 10E to Data Delay I 20 - I 20 I - 25 - ns 

10utPu~Buffer Turn off Delay Time 

I I 
I 

0 20 0 25 I I "OEZ . from OE 
0 20 ns 

tOEH 10E Command Hold Time 20 I - 20 - I 25 - ns 

"l·iBS "rite Per Bit Set-Up Time 0 - 0 I - I 0 I - I ns 

t\·iBH \\irite Per Bit Hold Time 10 - 10 - 10 I - ns 

t,,'DS Write Per Bit Selection Set-Up Time 0 - I 0 - 0 - ns 

th'DH lirite Per Bit Selection Hold Time 10 - I 10 - 10 - ns 

CAPACITANCE (VCC=5V~10~{ f=H1H7 Ta=O "v 70 C C) - . - -- , 
S\'HBOL PARAMETER I ~aN. ~W;_ I UNIT 

Cn Input Capacitance (AO 'u AS) I - 5 pF 

C12 Input Capacitance (RAS, CAS, HBIWE, OE) I - 7 pF 

Co Input/Output Capacitance (HliiOl "v H4/104) I - 7 pF 
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NOTES: 

TC514288AP / AJ/ AZ-70, TC514288AP / AJ/ AZ .. aO 
TC514288AP/AJ/AZ-l0 

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, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output ope:o. 

5. An ini tial pause of 200ws is requi red af ter 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. Measurement with a load equivalent to 2 TTL loads and 100pF. 

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

10. Either tRCB or tRRB must be satisfied for a read cycle. 

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

12. t\-"CS' tRv.T])' tom and t AWD 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 cvcle and the data out pin will remain open circtiit(high 
impedance) throughout the entire cycle; If tRWD;;tRWD(min.), tom;;;tcvm(min.) and 
tAWD;: tAI,T]) (min. ), the cycle is a read-modify-write cycle and data out will cor,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 indeterminate. 

13. Operation wi thin the tRCD (max.) limi t 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 reterence point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA' 
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TC514266AP / AJ/ AZ-70, TC514266AP / AJ/ AZ-80 
TC514266AP/AJ/AZ-l0 

READ CYCLE 

I r-- tR':~ I ' 
~:: _ ----~ll~1 ____ ''"'/;:;..:5L' ---~;"':I 11 

I ~'-------t-.~-,-,~--:-------"i I 
i f---.~--~=-----L--~-..J 

ItCKPI!-, l;-"CL tRSE 

V:j"...i 
I\'VI Ol--W.,;,/I 0.; \... .. OPEI~ 

,mITE CYCLE (EARLY ",IRerE) 

i ';.... _____ _ -,~?""_::.:t .• 2,,--______ --,, ___ ."tr':F 

.... TIE ------~l\: tt.;::' i--F 

V"::., - I X!,-'-, ======:::~~======::-,---_____ ---",i 
I i_~~_ t-,,-CS,,-,-:~: ~ __ --' 

,tCR? ! I 

V: E 
: 
I 

~tc",1 -.... ' IE - -----" 

VI~ 

VI~ 

!V-",.:"ID DiS i.-I}; 

! 
l,;OTE: ['ou'r = OPEK VI!j r'EI! or 
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TC514266AP I AJI AZ-70, TC514266AP I AJI AZ-80 
TC514266AP I AJI AZ-l 0 

,mITE CYCLE (OE- CONTROLLED \,'RITE) 

VIE 

'. =:: 

v::., 

V::'/I01-...:v;4,./IO,; 

I tRAs ~R~ 
: '--I ------~-"--------__ii ;:=====~ 

-----=-\"-___ t_f~L __ ~ ___ ~~I 1\'----
I t C?J=" 
r----

:l'V:E:~ , 

'\ \~_+t_2;,~" ~/ 
I ____ '_, __ I 

, 

;' / " 

, , 
tCR? 

i 

! 

il,/ 

! / ! / 
- '-..1_-,1_1 '--.....J 

,---, 
,-------,\' ,\',_ ~'--.LL!' ~" I~>.!t' "'-~~_t 'i

T_, ---,,-J!..L:..I,'!~,'~' -,--,-' ~~' ~' '-"--'-'-' ,--,--,-,--' ___ •.... ! _ : G l.L ' ///// / /' 1/ //1//>//// ,//,'/// 
I 

i', 

.:~ ~H ~ t:Jsl "DH 

,,---~'/:Xi~>:;~:I IXI-· ~---------",,:X:='=I ::/,?,HJJ(,---'. _I /~,---,--"-,-"--,--/ I,---"---,Z--,-/, '----'-/,_i---"'-'-_ 

DOUT=OPE;~ If/1 : 

',-{ii\" ------------------, 

--yr, 1 

- 1/ jll/ /11////1/// 
:V:~J2 I ;-~V;I>:~' 
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TC514266AP / AJ/ AZ-70, TC514266AP / AJ/ AZ;.80 
TC514266AP/AJ/AZ-l0 

FAST PAGE MODE READ CYCLE 

AD-AS 

VIH--~n7~~~~+---~~~~~~~--,J-J;~t==:----4+~~~77 
V IL -- ..t.J..J..L,,L-L;f-/-tJ 

VIH -

VIL --~~~~~~~~~~-+~~~~~~~~~~~~~~~~--~~~~~~~~ 

WVI01-W4/I04 VOH-
VOL __ ----------{V 

Note: DIN="H" or "L" 

FAST PAGE MODE WRITE CYCLE 

AD-AS 

Wll/WE 

DE 

Wl/I01...:w4/I04 

VIH 

VIL 

VIH 

VIL 

VIH 
VIL 

VIH 

VIL 

Note: DOUT=OPEN 
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TC51 4266AP / AJ/AZ-70, TC51 4266AP / AJ/AZ-80 
TC514266AP/AJ/AZ-I0 

FAST PAGE HaDE READ-~jODIFY-v;RITE CYCLE 

AO--A8 

I'lL 

IV:;::: 
I v" l --' 

_~ _______________ t~RA::.:...-:SP~ __________ 1 I ' 

- I: ~ 
! :-----

tFFJ.'"V: 

i tC:..T 

_:~.S---,· .n~~17 

i i Ii tF.p.L 

!:'A::,6 ItCJ.]~ 
,....-,--:..::::::;::::::; 1'"'"---,-' -:::;--
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TC514266AP/AJ/AZ~70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-l0 

RAS ONLY REFRESH CYCLE 

HAS 
VIH-

VIL-

VIH -
CAS 

VIL -

VIH -
AO-AS 

VIL -

Note: WE /VlE, OE = Don I t Care 

CAS BEFORE RAS REFRESH CYCLE 

VIH -
RAS 

vIL -_ 

CAS 
vIH -

vIL -

tOF:F: 

vOH -
Wl/I 0 l--'WVI 04 

VOL -

Note: WB/r.lE, OE, AO 'V AS = "H" or "L" 
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~: flH" or "L" 

OPEN 

EZZa: "H" or "L" 



HIDDEN REFRESH CYCLE (READ) 

RAS 
VIH -

VrL -

VIH -
CAS 

VIL -

VrH -
AD-AS 

VIL -

VIH -
WB/WE 

VIL -

DE 

VOH -
Wl/IOl...:w4/104 

VOL -

/ 

tRAC 

TC514288AP / AJ/ AZ-70, TC514288AP / AJ/ AZ-80 
TC5142&&AP/AJ/AZ-l0 

tRSH 

tCHR 

- $/////////////! /1//////// 
I i tCAC I tOFF 

~ 
tOEZ 

~ VALID DATA-DUT 

[ZZL]: "R" or ilL" 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-aO 
TC514266AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (WRITE) 

V1H - tAR 

HAS 
VIL -

tRSH 

VIH -
CAS 

VIL -

VIH -
AO-AS 

VIL -

tCHR 

~: "H" or "L" 

Note: DOUT~OPEN 
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CAS BEFORE RAb REFRESH COUKTER TEST CYCLE 

AO---AS 

REI.D CYCLE 

h'RITE CYCLE 

V I H -------".~.I_ ...• :~~~~~~~~~~~~~~~~~~~_t-'_ru..::._"-._C-_-_-___ -_-_-_-_-_~~-_-_-_-_-_-_-_-_-_-_ __=.I 
'ilL - I 

t "R I I 1-1 =1=C~}~'::;;' rr' -----:.~' "-,,-' ~} ---~;:::"~I ',,----
~~: =\Cc i i-i _-=tC:..::c

H:.:...R -:( 1,··~ ',-. ___ t=CA.:.:::S ___ / l 
"'--~, "'1 ------~ Itt F~,~ i 

I I ~~~----------------~--

"';IL 

v:: ~. 

"0:" 

'i',._ 

I ! teAl' 

/ ! / / / / 

, , 
, 1 

I 

1 ' 

II 
II 
j I OPEN 

II 
~!b 

II 1CL2' , 

:: ~~. ____ "_~~_:_'r_'_D_A_~~A-_O_C~'~ __ ~}~----
I! 
II 

--~ )Jr-:-~.""/'--!I"'-' ;-/,-'-;//1/-'-" \':VC":--: _'---,'W2,-,-,-" _-,I /1// 
- ~~, -7-;'-",)\ / / / / J / ' ~ ! ~ $/ ' 1// /:/ ! - , . / / 

//;//,/,. i,I/,' /// / I,' !//j'///i//
l 

./ I' il/: i I f / ',//'/';! I,/,/j 1/' il//';/ //! / //;////, 
17::...-/ I,I//li//I////I,'! '/,/1//////,1//1///////////1.'/1///;'://,., /1,//1// 1/// 

~"v',!"""Qi I-Lv,...."t: '7.:J:=- 1 ~ c.D:-: 

\'~E =~~;~l( :X "~'== =";-:! J<~~-,-/,-i,-/_!....,.._I,-Y!_/_: __ ..i..-'. __ _ 

i ~cr.-,-, ! 
L.:::\v::..., 

VIE 

\iIi., 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TCS14266AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

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

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

Da ta Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WBj)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability ~(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is ap
plied can be specified by keeping Wi(/IOi) high with set-up and hold times re
ferenced to the RAS negative transition. 
For those data bits of Wi(/IOi) that are kept low as RAS taIls the write operation 
is inhibited on the chip if ~B(/WE) is high as RAS falls, the write-per-bit capa
bility does not work and the write operation is performed for all four data bits. 

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 satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are 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 logical low level, the output buffer are 
enabled. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 ro~ address (AO~A8) within each 8 millisecond time interval. 
Althct:gh an\' no::-:nal ::>er:oo::-y cycle ",-ill perform the re:::-esh operatior:, this functlc" 
is most easily accomplished with "RAS-only" cycles, Kf3 only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the ICC3 specification. 

CAS BEFORE Rft.5 REFRESH 

CAS before R .. \S refreshing available on the TC5li;:66AP!AJ/;'.Z offers an alternate 
refresn ITle:hod. If c,: .. ~ is 'ne::"d L'lJ ~('·~~t for thE: SDE::Liii.f::d PE:flOd (tCSE) before :F\.t;S 
goes to low, on chip refresh centrol clock generators and the refresh Address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh o~2ration is performe~, :he retres]~ address counter is automatically in
cremented ln preparation for the next CAS before RAS refresh operation. 

PAGE ~'~ODE 

Tr", ";:'age-'::.ce" feature of the TC514266AP/AJ!AZ ,,110\,.'s for successive memory 
operations at multiple column locations of the same row address ~ith increased speed 
~ithout an increase ln power. This is done by strobing the row address into the chiD 
and maintaining the RAS signal at a logic 0 throughout all sUCCeSS1\'e memory cycles 
in which the roIC address is commor,. This "Page Mode" of operation \,,'ill not dissipate 
the power assoclatec ~ith the negative going edge 0: ~;S. Also, the time req~ired 
for s:robing ln a new adc::-ess is eliminated, thereby decreasing the access and cycle 
timeS. 

HIDD~N REFRESH 

An optional feature of the TCSI4266AP/.IJ!A2 is that re:resh cycles IT.ay be per
formed while IT.aintair.ing valid data at the output pin. This is referred to as Hidden 
Refresh, Hidden Refresh is perfo:::-mec by holdin; CAS at VIL and taking RAS high and 
after a speci:iec pre charge period (tRP), executing a CAS be:ore RAS refresh cycle. 
(see Figure Delo,,') 

REF?.ESH CYCLE REFP.E:SP. C"YCLE .. 

~~--~I!~--~~~/ I 

\'-------i---;--/ I 
I I I 

V;l/I Ol-W!./.! 01. -- OPEN ~---«,-_____ .;-I_V_J. __ L_l_D_D_A_T_;' __ -_O_U_'T __ -;i ______ ---'>I 
This feature allo,,'s a refresh cycle to be "Hidden" among data cycles \,,'ithout 

affecting the data availability, 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC5l4266AP/AJ/AZ can be tested by ~ BEFORE 

RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE oper·ation 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 initializa

tion cycles. The test procedure is as follows. 

® Write "0" into all the memory cells at normal wri te mode. 

16) Select one certain column address and read "0" out imd write "I" 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 16). 

® Using the same column as @' read "1" out and write "0" in each cell perform

ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

~ Check "0" out of 512 bi ts at normal read mode, which was wri tten at ®. 

® Perform the above CD to ~ to the complement data. 
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OUTLINE DRAWINGS 

• Plastic DIP 

Z 
H 

:>l 

"' oJ 

Unit in mm 

7.6Z±0.25 

II 0 + 0.1 
.25_0.05 \ 

.. 0-15 0 

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.29 leads. 

All dimensions are in millimeters. 
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" Plastic SOJ 

17.02 -17.27 

1"26 25 24 Z3 22 18 17 16 15 ; 1 
DDDDO DOD 

... 
l"
r-' 

~------- -~---------+ I 
o 

INDEX DOT ~ 

1 2 :> 4 5 9 10 11 12 13 

Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 
Unit in mm 

26.3MAX. 

, 
3.0 MAX. p 

>< 

INDEX DOT 

d -

< N ::E 
0 

'" .., +1 
0 ~ ... OJ 

I 
-.;:::. ~ 

:z .... 
::E 
0 

~ 1.2 7 TYP. 

t') 1°.25:g:8b '--, 

1.27 TYP. 

2.54 TYP. 

1 3 5 7 9 11 13 15 17 19 

2 4 6 8 12 14 16 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

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

circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
DESCRIPTION 

TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

The TCSl42S8AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TCSl42S8AP/AJ/AZ 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 TCS142S8AP/AJ/AZ 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 SV±lO% tolerance, direct interfacing capability with high perform
ance logic families such as Schottky TTL. 

FEATURES 
2b2,144 word hy L bit organization 

~ Fast access time and cycle time 
Lm,r Power 

L;4()TilV ;'1.A':': • 

l TC'::,l~~>CJ-_:F/J....)/ AZ-7G/-PCl/-l 0 
3;',5~V 

330m\, 
~<J.~'. • 
r ~ '\' 

Operating(TC51~258AP/AJ/AZ-70) 

Oper;:: :." n~ (Te51:' =5 8AP / AJ I,o.Z-80) 
Operating(TC51~258AP/AJ/AZ-1Ci) 
Standi:'J~' 

LR.-'lC RAS Access Timet iOns I SOns I 
Column Address I 35ns 

I 40ns I t~4..t.. Access Time I 
tCAC CS Access Time I 25ns I 25ns i 
tRC CYcle Time I l30ns I l50ns I 

eSC Static Column I 40n5 I 4 5ns I !,-lode C\;cle 'Time 
• I 

Single power supply of 5V=lO~ ~lth a 
built-in VBE generator 

PIN CONNECTION (TOP \'Inn 
Plastic DJ:? 
I/Ol[j~P\':2.'::' 
l./CZC;:: 19P:/Ci '; 

1fI:::,JTEC: lSS' --; 

"",,.50 f '.,1 ~ 
kC.[:: lew C~ 

;..0 G c .l~,p Ac 
J.: q7 1.;{J ,,7 

A~ 0 E lc.b 1'.6 

1'.3 q 9 12p 1'.5 

VccdlO llbH 

PIN NAJ'iES 

?~astic SOJ 
I/O.lG~ :::::tJ Y2f 
=-"/:;~'O~' ::::.:DI/C,'; 

W?~:.;:.=:: ~C=_/C~::: 
"0,;0 G.; 2:' P cc 
kC.~= :::~rG 

r.C':1 ~ 180.f.:: 
ur; 17P.c~ 
J...~':( 11 leo i.t 
1-.3012 l:'P 1.5 

YCC~13 14P1'.~ 

AO Cu A8 I Add ress InDuts 
KAS IRa'.' Address Strobe 
CS I Chip Select 

\·i1UTE i Read/\~ri te Input 
Of I Output Enable 

1/01 'v I/O!' IDara lnpur/Output 
VCC I Power (+5V) 
VSS I Ground 
1\.C. I No Connection 

lOOns 

50ns 

3():lS 

l80ns 

55n5 

L.......,,\ • 

5.5m\,' HAX. 
Outputs unlatched at cycle end allows 

two-dimensional chip selection 
Read-~loGify-\,;ri te, CS bef ore RAS refresh, 

R:'l.S-only refres1-1, Eicden Tefrc:sh (~nd 

Sta:ic Column }lode capability 
All inputs ;::nd outputs TTL compatil,j Ec 

512 refresh cvcles/8ros 
Pacl~agE Plastic DTD- TC51~25SAr 

Plastic SOJ: TC51L2S8AJ 
Plastic ZIP: TCSl~25S~: 

I/O:' :VC~ :i/03 I/D~ 

? 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING 

Input Voltage I VIN -1 "" 7 
Output \'01 tage "OUT -1 "" 7 
Power Supph' 1'01 tage VCC -1 "" 7 
Operating Temperature TOPE o "" 70 
Storage Temperature TSTe: -55 "" 150 
Soldering Temperature . Time TSOLDER 260 . 10 
Power Dissipation PD I 600 
Short Circuit Output Current lOUT 50 

RECOM'~ENDED DC OPERATING CONDITIONS (Ta=O "" 70 DC) 
SYHBOL I PARA~ETER I }!1 t-: . I TYP. I ~1AX . 

\'CC I Surp}\" Volta~e I 4.5 5.0 5.5 
"IR I Input Hi)2h I'olta£E' I 2.4 - 6.5 
I'lL j lnpu t LOI,' Vol tage I -1. a - O.E 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O ",,70 DC) 

UNITS NOTES 
\' 1 
V 1 

V 1 
DC 1 

I DC 1 
DC' sec 1 

mI·) 1 
InA 1 

I nIT NOTES 
V 2 
V 2 
V 2 

SYMBOL! PA!lA'~ETER ! }lIK.1 ~W: .iUNITS I NOTES 

10PERATING CURRENT TC51425a4B/AJ/~2-70 I I 80 i I - I 

ICCI Averag=-Power Supply Operating Current 'IGl4258AP/AJ/.hZ-BO I - ! 70 I InA i 3,4 
(RAS, CS, Address Cycling: tRC=tRC MIN.) TC514258AP/AJ/i2-10 I - I 60 ! I 
STANDBY CURRENT I I 

I 

I 
ICC2 Power Supply Standby Current 

I 
.- I 2 rnA 

(RAS=CS=VIH) I I 
IRAS ONLY FEFRESH CUFRENT TC514258AE/AJ/AZ-70 i - ! 80 I 

I 
ICC3 Average Power Supply Current, RAS Only )vfode TC5H.25BAP/AJ/J.Z-80 I - I 70 I rnA 3 

. (RAS Cycling, CS=VIR: tRC=tRe MIl,,) I TC514258PJYAJ/J.Z-IO ! - ! 60 I 
I STAII C COLUMN HODE CURRENT TC514258P'p/.iJ/J.Z -'70 - I 60 I I 

ICC4 IAVerage Pm"er Supply Current, Static I TC514258AE/AJ/.hZ-80 I I 50 I mA 3,4 
Column Mode -
(RAS=CS=VIL, Address Cycling: tSC=tsc MIN. ) TC514258P.:!Y~.J/J.Z-1O I - I 40 I 

ICCS 
I STANDBY CURRENT 

Current - I 1 I mA 
i 

IPower Supply Standby 
(RAS=CS=Vcr-0 . 2V ) ! 

ICS BEFORE RAS REFRESH CURRE1IT TC514258AP/.iJ/J.Z-70 ! - i 80 I 

I 

ICC6 Average Power Supply Current, CS Before TC514258AlYAJ/ .hZ-SO I - I 70 I rnA 3 
RAS Mode (RAS, CS Cycling: tRC=tRC HIN:) 'IGl~258P.P/AJ/J.Z-lO I - I 60 I 

jINPUT LEAKAGE CURRENT 

1-10 I I II(L) Input Leakage Current, any input (OV;;Ym;;;6.sV, All Other 10 ).JA 
Pins Not Under Test = OV) 

IO(L) 10UTP~T LEAKAGE CURRE~T I 

I 
I 

I (DOUr is disabled, OV~VOUT~5.5V) 1-10 10 I ).JA 
I 

VOH j"0UTPUT LEVEL 2.4 I i 
I 

.output tlHIl Level Voltage (IOUT=-SmA) 
- \' I 

jOFTPUT LEVEL 
10 . 4 

i I 

VOL Output ilL" Level Voltage (Iour=4.2mA) - I 
V I 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC;5V±10%, Ta~O "'70°C) (Notes 5, 6, 7) 

TC514258AP/ TCS14258AP/ TC514 2 S8AP / 
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO UNIT NOTES 

MIN. MAX. BIN. HAX. MIN. MAX. 

tRC Random Read (,r l-Irite Cycle Time 130 - 150 - 180 - ns 
tR}!W Read-·Modify-Write Cycle Time 185 - 205 - 245 - ns 
tsc Static Column Mode Cycle Time 40 - 4S - 55 - ns 

tSR~fl..' 
Static Column Mode Read-Modify-
\,r i te Cycle Time 100 - 110 - 13~ - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 

tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 
tAA Access Time from Column Address - 35 - 40 - 50 ns ~ , 
tAUI Access Time from Last Write - 65 - 75 - 95 ns 8,15 

--'-= 

tCLZ CS to Output in Low-Z 0 - 0 - 0 - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 30 ns 9 

tAOli Output Data Hold Time from 
5 5 5 Column Address - - - ns 

tow Output Data Enable Time from 
20 20 30 WRITE - - - ns 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 
tRP RAS Prechargf' Tirr.e 50 - 60 - 70 - ns 
tRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 

tRASC RAS Pulse Hidth (Static Column 70 00,000 80 100,000 100 100,000 ns Mode) 
tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 
tCSH RAS to CS Hold Time 70 - 80 - 100 - ns 
tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 
tcsc CS Pulse Width(Static Column Node 25 00,000 25 100,000 30 100,000 ns 
tRCD RAS to CS Delav Time 20 45 20 55 25 70 ns 13 
tRAD RAS to Co1umr. Address Delay Time 15 35 15 40 20 50 ns 14 
tCRP CS to RI5 Precharge Time 5 - 5 - 5 - ns 

~t' CS P~echarge Time 10 - 10 - 15 - ns 

tcp CS Prccharge Time 
(Static Column Mode) 10 - 10 - 10 - ns 

tASR Row Address Set-up Time 0 - 0 0 - ns 
tRAH Row Address Hold Time 10 - 10 - 15 - ns 
tASC Column Address Set-up Time 0 - 0 - 0 - ns 
tCAR Column Address Hold Time 15 - 15 - 20 - ns 

tAHR Write Address Hold Time 
55 60 75 referenced to RAS - - - ns 

tAR 
Column Address Hold Time 
referenced to RAS 85 - 95 - 115 - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 

tAR Column Address Hold Tlme 
5 5 10 16 referenced to RAS Rise - - - ns 
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TC514258AP/ TC514258AP/ 
SYMBOL PARAMETER AJ / AZ-70 AJ/AZ-80 

mN. l"I.AX. I MIN. MAX. 

tLWADILast Write to Column Address 20 30 20 35 Delay Time 

tAHLW 
Last Write to Column Address 65 - 75 -Hold Time 

tRcs Read Command Set-up Time 0 - 0 -referenced to CS 

tRCH Read Command Hold Time 
0 

I 0 
I referenced to CS" - -

tRRH IRead Command Hold Time 
0 0 referenced to R:i'\S" - -

t WCH Write Command Hold Time IS 15 (Output Data Disable) - -
tWCR \·iri te Command Hold Time 55 60 

to RAS - -referenced 
t"TP WRITE Pulse \,id th 15 - 15 -
tWI WRITE Inactive Time 10 - 10 -
tRWL WRITE Command to RAS Lead Time 20 - 20 I -
tc,,'L 1JiIT'rE Command to CS Lead Time 20 - 20 -
tDS IData-In Set-Up Time 0 - 0 I -
tDH Data-In Hold Time 15 - 15 I -
tDHR Data-In Hold Time r.ef erenc ed 55 I - 60 

to RAS' -

tREF Refresh Period - 8 - 8 

twcs WRITE Command Set-Up Time 0 
(Output Data Disable) 

- 0 -

tc,,'D CS to WRITE Delav Time 55 - 55 -
(READ-MODIfY-WRITE CYCLE) 

tRI,'D RAS to WRITE Delay Time 100 - 110 -I (READ-MODIfY-WRITE CYCLE) 
IColumn Address to WRITE Delay 

I t A,,'D 
Time 65 - 70 -

tCSR CS Set-Up Time (CS before RAS) I 10 ! - 10 -
tCHR CS Hold Time (CS before RAS) 30 i - 30 I -
tRPC RAS to CS Precharge Time 0 I - I 0 -
tCPT 

CS Precharge Time (CS before 40 I - 40 -RAS Counter Test Cycle) 
tROH IRAS Hold Time referenced to OE 10 - 10 -
tOEA DE Access Time - 25 - 25 
tOED 10E to Da ta Dela\' 20 - 20 -

tOEZ 
Output Buffer turn off Delay 0 I 20 0 20 Time from OE 

tOEH OE Command Hold Time 20 I - I 20 -
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TC514258AP/ 
AJ/AZ-IO UNIT NOTE 
MIN. MAX. I 
25 I 45 ns I 17 

I 95 - ns 

0 - ns I 

0 - ns 10 

0 - ns 10 

20 - ns 12 

75 - ns 

20 - ns 
10 - ns 
25 - ns 
25 - ns I 

I 0 - ns I 11 
20 - ns 11 

75 - ns I 
- 8 ms 

0 - ns 12 

I 65 - ns 12 

35 - ns 12 
I 

I 

I 
1

85 - ns 12 

110 - ns I 
30 - ns 

I 0 - ns 

50 I - ns 

20 - ns I 
- I 30 I ns I 

25 - ns I 
0 25 ns 9 

I 25 - ns 
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CAPACITANCE (VCCSV'±lO%, f:U11lz, Ta:O 'C70°C) 

SYMBOLI PARAMETER I MIl'. I !-'~,. i L'NIT 

CIl ! lnou t Capacitance (AO "v AS) I - I 5 i 

C12 I Input Capacitance (RAS, es, ,m ITE, OE) I - I - I pf , 

Co IInout/Output Capacitance (I/Ol'CI/OI;) I - I 7 I 

NOTES: 

1. Stresses ~,reater than thc1se listed under !!P,bsolute ~~azimurn R3.tings!! may cause 
r,e[~~ne~: Qa~~~e le' :he device. 

AI! voltages are referenced to·VSS. 

Iccl, Icc". lcc4, 1cc6 d"pend on cycle rate. 

]ec1, Icc4 d~pend on output loadin~. 
output open. 

Sp~cificd values are obcained with the 

5. An initial pause 0: 2ClD\.ls is fequ:f.red after pO'v.1er-up follov.1ed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a rr,inirnurr; 0: 8 CS Before RJ\.s inicialization cycles instead of 8 R]0" 
cycles are required. 

6. AC measurements assume tT:5ns. 

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

8. Measured ~ith a load equivalent to ~ :TL loads and 100pF. 

9. tOFF(max.) and tOEz(max.) define the time at which the output achieves the ODen 
circuit condition and are not r~ferenced to output voltage levels. 

10. Either tReB or tRFH must be satisfied for a read cvcle. 

11. These parametErs are referenced to CS leading edge in early w::ice cveles and to 
WRITE leading edge in Read-Modify-i0Ti~E: c:-,c.les. 

12. tV.ICS~ t:R:\\rr;, tc\<rn and tAl;] are not re~,tric~i"\7e opera:inr, ?3:-arneters. They are in
cluCE:c :'I~ trlE cz..:c. shee: 2~ E:2'2crT2.c21 CI-lc:'-cc:e:-is:ics o:-.ly. 2:£ t1..;'CS;t~\:CS(cin.)} -::he 

cycle is 2ft e,2.:-1~: 'v:Tir.e cycle and the ca:z: OG: ;-lir: vil~ rer:12in ODen circuit (hi~h 

_::1~,ed2~lce) t":l:-ough the c~tire cvcle: I: :R:':'D~tBj .. 'TI(TT.iii.). tCh'1)~'CCl~D(IT,':'n.) and 
t.,~..l .. TLS:: (min.), tne c:~cle is a Re3G-~1\1odi:\'-\""ri_ce cycle' and the date. out iI?ill con-
tain t2 re2~ ~rom the selecte~ cell: !~ ne~ther of the above sets of condi:ions 
is sa:i~:ied, the condition of 7::he aa'C-2 out (at access time) - is indeterminate. 

13. Operation ,,'ithin the tRCD(max.) limit insures that tRAc(max.) can be me~. 
tRCD(max.) is specified as a reference point only: If [ReD is greater than the 
specified tRCD(m2):.) limit, then access time is controlled by [CAC. 

14. Operation ,,·ithin the tRAD(max.) limit insures that ti\..t,c(max.) can be met. 
ti\..t,D(n:ax.) is speci::ied as a reference point onlv: If tRAD is greater than the 
specified tfCAD(max.) limit, then access time is controlled by t.'o .. A· 

15. Operation "'ithin the tLh'AD(max.) limit insures that tAu,(max.) can be met. tLl'.lAD 
(n:ax.) is sDecified as a reference point only: If tLWAD is grea~er than the speci
fied LUJAD(max.) limit, then access time is controlled eyclusively by t.t.,Ji' 

16. tAR is the condition to latch column address when RAS has rised up. 
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TC514258AP / AJ/ AZ-10, TC514258AP / AJ/ AZ-80 
TC514258AP/AJ/AZ-l0 

READ CYCLE tRC 

RAS 
vIR - tRAs 

vIL-
cCSH 

tCRP 
tRCD tRSR 

CS 
VIR- tcs 

VIL -
tAR 

tRAL 

AO-A8 

I/Ol-I/O~ VOH - ___ OPEN ---:----<Y 

WRITE CYCLE (EARLY WRITE) 

VIH - I tAWR 

I 
tCSH I 

~ "tRCD 'RSR I II 
I , I t S I Ii 

AO-A8 

fZZLj: "HI! or "L tI 

~ 
~ 

I 

1\ 
I tCRP 

I 

::: - //1//// //I) !III III/JJ!IIII!//J/II/J///J/JJI//iJl//I/I// II! IIIII/IJ/J a 
I. tDHR I~ 

tDS ~ 
I 

1)----- OPEN ----

lZ2Ll: "H" or "L" 
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WRITE CYCLE 

RAS 

OS 

AO-AS 

WRITE 

DE 

1/01-1/04 

-
TC514258AP / AJ/ AZ-70, TC514258AP / AJ/ AZ-80 
TC514258AP/AJ/AZ-l0 

OE CONTROLLED WRITE) tRo 

toRAS tRP 

vIH --

VIL --
"eSH 

tROD tRSH tORP 

VIH -- tos 

V1L --

VIH 

VIL 
tewL I I 
tRV{J, 

V1H twp ill/j /II//! II/! 1/)1I///!l//IIJh 
VIH 

VIL 

VIH 
VIL ______ .... 

READ-HODIFY-WRITE CYCLE 
EZ'Z1 "H" or liLt! 

tJiMW 

V 1H -- ------/.. tRAL 

vIL -- ~--~============~==============:f tesH 

tes 

VIR .-- / 

VIL --
COLUMN ADDRESS 

"OWD toWL 
tRWD tRWL 

VIH -------F=:===f===f===:============~ r-:twp-=c.=..m~rrr""""177rn 
"AWD 

VIE -- / 

v IL -- .l..l-Ll...l..I..I-u..t..J...Lu..t...J...Li...J...I..J...L:'-J..J:...L.I..+-+_.J 

1/01-1/04 V1/0H --
-------------+---~j 

V1/0L --
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

STATIC COLliIN MODE READ CYCLE 
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r=za: "H" or "L" 



TC514258AP I AJI AZ-70, TC514258AP IAJI AZ-IO 
TC514251AP I AJI AZ-l 0 

STATIC COLm-1!\' MODE l,mITE CYCLE (EARLY '(,'RITE) 
, lOR? I 

FJ.S 
vIH 

v:::.. 

____________________ ~tP.A~S~C _______________________ ~ 

tASH! tRAL .! 
A.'J""-A'C 

V:H 
/ I I I 

VIL 

II 

! tCF.P 

1/0::. ....... 1/04: 

STATIC COUJ'il\ ~10DE !,'RITE CYCLE (E':',R:"Y IniITI) 

VIE 

, "OF': ~ 

~ __ -------------t-RA-.S-:---------------,~ 

! I I"OC.<.H --.~ r:V ~V--:V="!,,,,'l~~ ~1,1f1>J C: Len::; 
_ ~+/.:,:,:::,:sS2 $\~,;~A J-~~~"':::~3S 

I ',cR'? i; I 
:?-J:.::J i ! :.t'<~sC itASC i 

_---=======~ ~ I 

/ 
II 

=1/////////1/////////////////////1//1/////////1////;;11////////////1/// 
t Dr.: r, II 
~~~~ 

~~~~~~~~ 

1/ ///I///I////~ 
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TC514258AP / AJ/ AZ-70, TC514258AP / AJ/ AZ-80 
TC514258AP/AJ/AZ-l0 

STATIC COLUMN HODE READ-MODIFY-WRITE CYCLE 

tRAH 

AD-AS COLUMN ADDRESS COLUMN ADDRESS 

VOI-V04, VI/OH -
VI/OL _ --------{f, 

--'=-1+- VALID 
DATA-OUT 

-A-148 -

VALID 
DATA-OUT 

EZZJ : "H" or ilL II 



TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

RAS 
VIB 

VIL 

VIH 

VIL 

VIB 
AD-AS 

VIL 

WRITE 
VIB 

VIL 

OE 'lIB 

VlL 

I/Ol-V04 VVOB 

VVOL 

~ ________________________ ~r-=-, tRCD • ! toso 

tRAlJ 

(WRITE) 

-A-149 -

COLUMN 
ADDRESS 

(READ) 

COLUMN ADDRESS 

, I 

VALID VALID 
DATA-OUT DATA-IN 

(READ) (WRITE) 

[llJ "H" or "Llt 



TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

RAS OKLY REFRESH CYCLE 

j,J .. r- J:., c 

I-
I !-or .~_Tc:.E:.:.F ____ 1 

VIE - --------."r, ~ :_-----T-RP-.-s------_ifl~ \ 
V IL 1\ -, r ~, ---

I"tCRP I I it EP'2, I 
-----: I ~, 

I 
--~ \J 

, " 
/ 

Note: 
1//, 12· I'H" or ilL II ./ / . 

CS BEFORE ~~S REFRESH CYCLE 

V02-VO~ ----~J~-------------
Note: OE, AD ~. A8='~HI! or ilL" 
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OFEN 

lhdl 
r; or ilL'; 



T&514258AP / AJ/ AZ-70, TC51425aAP / AJ/ Az-ao 
TC51425aAP/AJ/AZ-l0 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (WRITE) 

tRC 

tRAS 

VIH - tAWR RAS 
VIL -

tRCD tRSH 

os VIH -
tRAD 

VIL -
tAsc 

VIH - I 

AD-AS 
VIL -

WRITE 
VIH -

VIL -

OE 
VIH -

VIL -

tDH 

VIH -
1/01-1/04 

V1L -

tRC 

tRAS 

tCHR 

OPEN 

fm: "HII or fiL" 

-A-152 -



TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP / AJ/ AZ-l 0 

CS BEFORE ]AS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

WRITE CYCLE 

I tpy I 
tFcAS 

1h--------------------~t t, Vn 1\0"'-_____________________ 1':'--

tespi I tCliP tePT I r----~l~P~,S::cE---li;:::~1 ~I ~te~m~-p=:!.I __ 

~IE -~~ 1 Y ~1!----t-CS---,j{! i 'IL - ~r---_____ ---.::J_, - 'I I I i 
tRhL I i It,l-' I I I i---T-----f ' )-_. 

/ ,i! )t't--' _____ CO_L_U_l.~_N _fc,_D_D?_X_S_S ____ ---" 

'PCc I II i I 
! ' 

t I 

iii 
" I te' 7, I 
I ~ _____ ~~====~ 

OPEN i I ~ VALID DAT;,-OU'T __ _ 

: I 
l' hSC ~ I t.CA.."S 
'-----1 

~Ii I 
-----_ OP'sN -_---< Dr,:i-,-:I; ]>------~I--_-

lew]) 

I I tOEA 

-1/0////11//1 /I/I!!//!;/ I 11//1// ~ )~O~::, II 
I ti-J. I ! I I I 
I " I t I 

__ ItcAcl ,tOEZi~lt,,, 

'CLZ, 0«" Ii I~ 
---------------., ii' ~Dl¥~~¥f}~-------

i J 1 ! 

I i 
j I 

VALID DATA-OUT 
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TC514258AP/AJ/AZ-78, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-18 

OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 

20 19 18 17 l6 1': 1," 13 12 11 

~::::::::]] 
1 2 :3 , 5 6 7 8 P 10 

~
7'62±0.25 i 

II 

/" ~.\ 
II )\'1 

1/ : \1\ 
U : \1 

"
I +0.1 U' 

C.Z5 -0.05 ' '_c-

• i 14 0-10 

Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 

with respect to No.1 and No.20 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 

INDEX DOT 

1 2 :> 4 " 

0.41-0.50. II 
',i' 

TC514258AP/AJ/AZ-l0, TC514258AP/AJ/AZ-80 
TC514258AP/ AJ/AZ-l 0 

910111213 

I 

./ 

Unit in mm 

0.9TYP . 

... 
<D 
al 
I 

ro 
C'l 
al 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

" Plastic ZIP 

Uni t in mIn 

cI 
H 

I 

gjJD: DOT 

~ 
I ! Cc5:::C.l 

II 

~ 

2(;3 MhX. 

~ I , 

I I 

'[ I 1.2";' TYP. 

I I 

:3 5 '7 ~ II 13 15 17 19 

"I 

2 -to- 6 6 12 g 16 18 20 

liote: Eacn lead pitch is 1. 27mm. 

All dimensions are in millimeters. 

, I 2.5?TYJ'. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are iI:lplied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

D ESCR I PTI ON 

TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

The TCS14268AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TCS14268AP/AJ/AZ 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 TCS14268AP/AJ/AZ 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 SV±lO% tolerance, direct interfacing capability with high per
formance logic families such as Schottky TTL. 

262,1-~ wo~~ bv ~ hi: or 
:"<-=:st 2CCe::( ::i!.l ~:;; '--

PIN CONN~CTIDH (TO? VIEW) 

P12s::lc ::J=P 
2-/c:;:~~'\-2:? 
:/::c:' _':::.~-/ '-'~ 

}..::.: CO; 
I;.C. C~ 

PIN NAr1ES 
iAodress lnpu:s 

izatic,rt 

IRow Address Strobe 
CS IChip Select 

Il'irite Per Eit/nead/F:cite 
OE !Output Enable 

1/01 'C I/OL, iDats Input/Outout 
Vec IPower (+5\') 
\;55 !Ground 
1\.C. INo Connectioro 

bw~lt-in general-lor 
Lo,~' po\",.1e~ 

440::11\\1 ]V1-.;.>: Operating(;C51L,268AP/AJ/AZ-iO) 
3 85m:,: ~:AX. Opera t i ng (TC514 26 8AP Ii,] /.AZ -80) 
:; 30m;,' ~1A.:i. Opera ting (TC51L. 268AP / A]': fcC. -10) 
5.Srn\\1 ~:.~l..:,~. Standjy 

Ou:outs unlatched at cycle end allows 
t~o-dimensional selection 

hc.~1c-~'1C1diiy-r\\r=- tC:, before FJ'.~, re~Te5h, 
-l~/:..S-or:ly :~efresh, Hidcen refresh 1,,':~~te Per 
L:'t, 3r.C S:3.tic Coluo1J !'1ode c2pability 

All i8pUt~ an~ Oll:PUtS TTL compa:ible 

PacKage 
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es/8r.:s 
FJ.2St':'C r'I?': TCSl':"~h8.';'? 

Pias'C.ic SOJ: TC514268~:'lJ 

P~as~ic ZIP: TC51~268AZ 

:--01 Vi,2 J/D3 VO,;", 

7 ~ r , 



TC514288AP/AJ/AZ-70, TC&14288AP/AJ/AZ-88 
TC514288AP/AJ/AZ-l0 

ABSOLUTE ~'AXH1Ut1 RATINGS 

ITEM SYl'18OL RATIt,G UNITS 
Input Voltage VIN -1 'v 7 V 

Output Voltage VOUT I -1 '" 7 V 
Power Supply Voltage VCC I -1 "v 7 V 

Operating Temperature TOPR o 'c 70 °c 
Storage Temperature TSTG -55 ",150 °c 
Soldering Temperature' Time TSOLDER 260 . 10 c C . sec 

Power Dissipation PD 600 mh' 
Short Circuit Ou:put Current lOUT I 50 rnA 

RECO~lr'lENDED DC OPERATING CONDITIONS (Ta:O'" 70°C) 

SY~18OL I PARA'TTER J ~:I 1\ • I TYP. ~W:. UNIT 
VCC I Supply Voltage I ~. 5 I 5.0 5.5 V 

VIH I I nru t High Voltage J 2.4 I - 6.5 V 

\IlL I Inpu t La.' Vol tag" I -1. 0 I - 0.8 \' 

DC ELECTRICAL CHARACTERISTICS (Vcc=5\,::lO~~, Ta:O "'70°C) 

SYHBOL P ARA'lI:TER 
OPERATING CURREl\T TC51~268AF/AJ/AZ-701 

ICCI Average Po_ver Supply Operating Curren t TC51~266AP/AJ/~2-80 

(P~t.,S, CS, Address Cycleing: tRC:tRC HIN.) TC514268AP/AJ/J..2-10 

STANDBY CURRENT 

ICC2 Power Supply Standby Current 

(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT TC514268AP/AJ/P2-70 

ICC3 Average Power Supply Current, RAS Only Hade TC51~268AP/AJ/AZ-80 
(RAS Cycling, CS=VIH: tRC=tRC HIl\. ) TC51~268AP/AJ/AZ-10 

STATIC COLUNN HODE CURRENT ITC 514268AP/J,J/AZ- 70i 
Average Power Supply Current, Static Column 

.LCC4 Hade Te51 ~268AP/AJ/AZ-80 

(RAS=CS=Vn , Address Cycling: tSC=tsc HIN.) TC514268AP/AJ/J..2-10 

STANDBY CURRENT 
ICC5 IPower ~upply Standby Current 

(RAS=CS=VCC-O. :\') 

CS BEFORE RAS REFRESH CURRENT TC51~268AP/AJ/J..2-70 

ICC6 Average Power Supply Current, CS Before TC5H268AP/AJ/J..2-80, 

RAS Mode (RAS, CS Cycling: tRC=tRC HIN.) TC514268AP/AJ/AZ-IO 
INPUT LEAKAGE CURRENT 

11(L) Input Leakage Current, any input (OV;;VIN;;6.5V, All Other 
Pins Not Under Test=OV) 

10(L) loeTPUT LEAKAGE CURRENT 
(DOUT is disable, OV~ VOUT~ 5.5V) 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT:-5rnA) 

VOL 
OUTPeT LEVEL 
Output "LI' Level Voltage (IOUT=4.2rnA) 

-A-158-

NOTES 
1 

1 
1 
1 
1 
1 
1 

1 

1 NOTES 
I 2 

1 2 

I 2 

}lIN. HAX. UNITS: UNIT 
- CO 

1 3 ,4 - 70 rnA 

- 60 

- 2 rnA 

- (:0 

1
3 

- 70 rnA 

- 60 
- I 60 

- 50 rnA 3,4 

- 40 

- 1 rnA 

- I 80 
- 70 rnA 3 
- 60 

-10 10 ).JA 

-10 10 ).JA I 
2.4 - \' 

- 0.4 V 



TC5142&8AP/AJ/AZ-70, TC5142&8AP/AJ/AZ-80 
TC514288AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECm11-1ENDED AC OPERATING CONDITIONS 

(V cc=5V±10%, Ta=O'" 70°C) (Notes 5, 6, 7) 

TC514268AP/ TC5l4268AP' TC5l4268APl 
SY}!BOL PARPJ1ETER AJ/AZ-70 AJ/AZ-80 AJ!AZ-IO UNIT NOTES 

~:IN . MAX. MIl\. HAA. mN. HAA. 

tRC Random Read 0r \,'rite (vele Time 130 - 150 - 180 - ns 

tRl'l'W Read-Modify-Write Cvcle Time 185 - 205 - 245 - I n5 I 
tsc Static Column ~;ode C"cle Time 40 - 45 - 55 - ns 

St3tic Colum;1 node [{cad-~loc i£y-

1
110 11351 t s R!'!\,' h1ri tE: Cyclt Time 100 - - - ns 

I I 

tRAC Access Time from RAS - 70 - [ 8C1 - 100 I n5 8,13 I 
tCAC IAcc"ss Time from CS - 25 - 25 - 30 ns 8, 13 

tA..:"'" ,';ccess Time from Column Address - 35 - 40 - I 50 ns 8, 14 

t..t....L~·.T !Acccss Time from Last \,Jri te - 65 - 75 - 95 ns 8, 15 

tCLZ CS to Outpu t in LOI.'-2 0 - a - 0 - ns 8 
tOFF Output Buffer Turn-off Delay a 20 a 20 0 20 ns 9 

tAOH 
Output Data hold Time from 

5 5 5 
I 

- - - ns 
Column Address 

tow Output Data Enable Tlme from 

I 25 
I 

30 I';:S - 25 - - ns 

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

tRP RAS Precnarge Time 50 - 60 - 70 - ns 

tRAS IR.A.S Pulse lhd th 70 10,000 80 10,OOO! 100 10,000 I ns 

jP~S Pulse Widtn 70 100,000 80 100,000 100 100,000 tRASC ns 
(Static Column Mode) 

I 

tRSH iCS to FJ.~S Bold ':'ime I :5 - 25 - I 30 - ns I 
I I 

t C51-' IRP.s to CS hold TimE I 
! 70 - 80 I - 100 I - I ns I 

tcs ICo Ful se I:idth ! 25 I 10.0001 25 I 10, oooi 30 10,000 TIS 

tcsc ICS Fulse WidthCStatic Colur.m ~;oce)l :5 1 100 ,0001 25 1100,000 30 100,000 TIS 

tRCD IRAS CS 
I I 

I 25 I to Delay T~me 20 I 45 20 55 70 n5 13 
tRAD IR.AS to Column Address Delay Time 15 3S I 15 I 40 20 I 50 ns IL-

tCRP CS to RAS Precnarge Time 5 - 5 - _ 5 - ns 
tCPN- ICS Precharge Time 10 - 10 - 15 - TIS 

tcP ies Precnarge Time 10 - 10 - 10 - n5 
(Static Column }lode) 

tASR IRm., Address Set-up Time 0 - 0 I - a - TIS 

tRAB IRm.' Address Hold Time 10 - 10 - 15 - ns 

tAse Column Address Set-up Time a - a - 0 - TIS 

tCAH iColumn Address Hold Time 15 I - 15 - 20 - ns 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYHBOL PARANETER 

I';rite Address Hold Time Refer
enced to RAS 

TC5l4268AP/ TC5H268AP/ TC5H268AP/ 
AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO UNITS NOTES 

MIN. HAX. I HIN. NAX.I HIN. HAX. ! 
55 60 - 75 TIS 

Column Address Hold Time _ I I 115 I 
~t_A_R ___ +R_e_f_e_r_e_nc_e_d __ t_0 __ RA __ S~~ ___________ ~_8_0~~~ __ -__ -+ ____ J) ___ - __ j _I_lS_-_-+ ____ ~ 

Column Address to RAS Lead Time I 35 I - ! 40 I - I 50 I ns 

iRead Command Set-up Time I "I 
iReferenced to CS 0 - 0 - 0 I - I ns 

10 
I
)Read Command Hold Time I 0 - I 0 II - 0 II - I' ns 
Referenced to CS I 

r---~--~--------~------------~----J---~----4_---J----_+_---~ 

Read Command Hold Time I 0 II 0 I I ns I 10 tRRH 

tWI 

tDS 

tCW'D 

Ref erenced to RAS 0 - - -

WE Pulse Hidth 

WE Inactive Time 

IHE Command to CS Lead Time 

IData-In Set-Up Time 

Data-In Hold Time 

Data-In Hold Time Referenced to 
RAS 

Refresh Period 

IWE Command Set-Up Time 
(Output Data Disable) 

CS to 1-1l:. Delay Time 
(READ-HODIFY-HRITE CYCLt:) 

IRl'S to \,'E Dela" Time 
. (READ-!-10DIFY-\·,RITE CYCLE) 

Column Address to HE Delay 
Time 

15 -

10 

ii 20 I 
i 

20 I 
o i 

15 

55 

8 

o 

100 

I 

65 I 
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20 r - I 25 T - I ,;s ! 

20 I - I 25 - I ns I 
o I - I 0 I - ns I 11 

I 15 20 - I ns ! 11 

I 60 ns 

8 I - I s ms 

o o 

55 

1
110 I - I 135 I ns I ~2 

70 12 



TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

SYMBOL I PARAMETER 
I TC511;268AP/I TC51L,268AP/] TC514268APiT I ] 

AJ/AZ-70 AJ/AZ-80 I AJ/AZ-I0 IUKIT KOTES! 
I ". l' ' Y I ~,' ,,' ,. , _. i).~ 1" i \,. , I ! I ,',I!., I ,,, ..... ,, I ,Ib, I ,~-,,\. ! ,',L, l,v.L I I I 

f-.I t_O_EL_' ---,1_0_" taD at" _u_,,_l_a:...y _____ _ 

I tOEZ 

20 I - 20 I -
!Output Buffer turn off Delay 

o I 20 o I 20 I~ !Tin(: :rnITl (jE 
I I 

I tOEH IOE Command Hole TimE: I 20 -
1 

20 I - 25 I - I ns I I 

:\~BS I\\'ri te Per Bit Set-l:p Time 0 - I 0 I - I 0 I - i ns ! I I I 

t"BE ILei te Per Bit Hold TimE I 10 - 10 I - i 10 , - ! TIS i 
t"TDS 

llhi te Per Bit Se:Lection Set-Up I 

iTime 
0 - 0 - i 0 - ns I \ I 

tHDH 
I·\.,:ri te Per Bit Sel ec t lOn Halo 

I I !Time 
- TlS 

I 5)11]OL I PAR.41'lETH I 1';1)\. ~L'O. I Ul\IT 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-BO 
TC514268AP/AJ/AZ-l0 

NOTES: 

1. Stresses greater :han those listed under "Absolute n2ximu'lll Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VSS. 

3. I CCl ' I CC3' 1 CC4 ' ICC6 depend on cycle rate. 

4. ICC1, 1CC4 depend on output loading. Specifie~ values are obtained ~~th the 
output open. 

5. An initi21 pause of 2000 5 is required after pc,wer-up follo\,,-'ed b~' 8 RAS cycles 
before proper- device operation is achieved. In case of usi.r.[: int.erTi~~l rc::-esh 
counter, a r.:lnimuIT, of 8 CS Before fu\S in:: ti.:::lization cycles :instead 0 S EJ~':S 
cycles are required. 

6. AC meaSUyemFl~:"S assume ~=Sns. 

VIH(min.) and VIL(max.) are reference levels for measuring timing c~ input 
signals. 

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

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 lev~ls. 

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

11. These parameters are referenced to CS leading edge in early ,,-r:Cte cycles anc to 
hliNE leading edge in Read-l'lodify-"rite cycles. 

12. tl';CS' tR\\TD' tChTD 8nd tA~v,71) are not rest:-ictive operatint; paramete:-s. They 
are included the clata sheet as electrical characteristics only. If tlJCS~t~cs 
(min.), the cycle is an early "'Tite cycle and the data out pin viII remain open 
circuit (high impedance) through the entire cycle; I: tRh'D ~ tR\{D(min.), tCh'D;? 
tCHD(min.) and CAlm;; tpJw(rdn.), the cycle is 2 Reaci-"1odify-\·:rice cycle and che 
data out ~ill con~ain da~a read from the selecred cell: If neither o~ :he above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. OpeTa~ion \·.~i:nir: the LReD(max.) li,rr:it insures that tR.6,C(max.) can be met. 
tRCD(rnax.) is specified as a reference point only: I~ tRCD is greater than the 
specified tRCn(max.) limit, then access time is controlled by teAC. 

14. Operation v:ithin the tR;.D(max.) limit insures that tRAc(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tR..LW is greater than the 
specified tRAD(max.) limit, chen access time is controlled by tAA-

15. Operation "'ithin the tLh'.w(max.) limit insures that tAL1,(max.) can be met. 
tU:AIl(max.) is specified 2S a reference point only: If tUi.W is greater than 
the specified t1\\'AD(rnax.) li..mit, :hen access time is controlled exclusively by 
tM· 

16. tAE is :he conG~tion to latch column address ~hen ~~S has risec up. 

-A-162-



READ CYCLE 

TC514218AP/AJ/AZ-10, TC514288A'/AJ/AZ-88 
TC514268AP/AJ/AZ-l0 

VIH ------..;.I-_____ t..:.:R.:.:;As"--_____ .., .jo-----~ 

VIL -
tCSB 

tCRP 

tRCD tReH 
VIH -----r:::~::::::~~r-----~t~cs~----1 
VIL -

AD-AS 
VIH -/ 

COLUMN ADDRESS 
VIL -

V>1l/WE 
VIB -, 

VIL -

VIH -
O! 

VlL -

Wl/I01-Wv'I04. VOH - _________ OPEN I---{I' VALID DATP.-OUT 
VOL -

WRITE 

CS 

AD-AS 
VIL 

'Vm/WE 
VIH 

VIL 

DE VIR 

VIL 

Wl/I01-W4/!Ot. VIH - / 
VIL _ 

'tCLZ 

NOTE: DIN="H" or "L" 

"BC 

tcs : 11 
1--_'C..::Cc:..:Ah::." --if I I 

NOTE: DourOPEN 
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rn: "RII or tiL" 

IZZ1: "H" or "L" 



TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

WRITE CYCLE CO! CONTROLLED ""RITE) 

READ-MODIFY-tYRITE CYCLE 

VIH 

VIL 

VIR 

VIL 

AO-A!! VIH 
VIL 

VIH 
VIL 

Wl/I04.-W4./!04 

VOH 
VOL 

tRAS 

tesH 

tRSH 

tes 

eoLUMN ADDRESS 

OPEN----------~ 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

STATIC COLUMN MODE READ CYCLE 

'RP 

::: =:J~~tRAP.-' ----t8-C --tRA-SC-ts-c----t-RA-L---:r~ ~ 
vIR - / COLUMN 1/' / 'f / 

, AlJDRESS I. / / 
vI L - "'--~~ 

AO-AS 

NOTE: Dn,="H" or "L" 
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TC514268AP/AJ/AZ-70, TC514288AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

STATIC COLU}rn MODE WRITE CYCLE (EARLY WRITE) 

VIR -

AO-AS 

VIR - ---W===:::f:...::;L 
vIL-

Wl/lOl-Wl/104, VIR - '77'"l .... .p~:r--~ 
VIL-

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIR - ---,i. f--_______ ...::tR.::.:A.::..;SC=----_______ --I1' 

AO-AS 

VIL-

VIR _---W====::t:tt~~ n""""""77-i-A' r------., 
VIL-

VIR-
I 

VIL , I 

~~~ = !jIll! //II/J// I//jJJl! 11//1 !l////J//I11!//1 II !/J/J/I //////J///J////l //; 

~: "H" or IlL" 
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TC514288AP/AJ/AZ-70, TC514288AP/AJ/AZ-aO 
TC514288AP/AJ/AZ-l0 

STATIC COL\!~::\ '1O~::: READ-MODIFY-h'ElTE CYCLE 

D: lIH" or "L" 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

STATIC COWlIK HODE ~lIXED CYCLE 

Vi'l/IOl 

--V;~/I 04 

i I 
.. "~\'.J-.~ 

r -

l/'::E. - 1/' 1// / / / / ////' '// / / i'l/' ',/ i //.>//.i./;/; //i//;, r' 
v::L _1_:,,'/////// /i//l/, ,/// " " II' 

VOE - ____ _ 

VOL· -

_____ ------'r 
"\ /r-"\1 _. u, \~/~ J\ ____ ~/\~ __ ,_ .. -_-_. ___ --.J: "-------

..
VL1 .. ::::, DhTh-2~"~'" 

,,------.----

I I I 

t:r:;E I '~,:: I 

' .. ,/./;'/:./ .. / '/ / / / // .I /;, 
, ./ / I / ,/ " ,-' , / j / I 
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TC 5 14288AP/AJ/AZ-70 , TC514268AP/AJ/AZ"80 
TC514268AP/AJ/AZ-l0 

RAS ONLY REFRESH CYCLE 

\J 
AO-AB 

Note: 1m/WE, OE=Don't Care 

CS BEFORE RAS REFRESH CYCLE 

VOH - 1 
Wl/IOI-W4/I04 .--------

VOL - I 
OPEN 

Note: 1m/WE, DE, AO'V A8="H" or "L" ~: "Rn or "L" 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (READ) 

tRP 

VIH _--">L tRAS 
I\~----~~----~ 

Vn -

AD-AS 

tCHR tCRP 

VIH-7r.~n+~~~~---~==~~~Tn~n7rn~M7~7r.M7~"'M7TM 
WB/WE 

VIL -.u..t..L.J..J..L.J..J..J..J..J 

tOEZ 

Wl/IOI-W4/I04 VALID DATA-OUT 

~ : '~H" or ilL" 
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HIDDEN REFRESH CYCLE (~~ITE) 

TC5142&8~P/A"/AZ-70, TC5142"AP/AJ/AZ~'O 
TC514268AP/AJ/AZ-l0 

VIH ----=f=::g===::j-i=i 
VIL-

AD-AS 

VIH -
Wl./Io l-W4/I 04 

l:ZZJ: "Hft or "L" 

NOTE: DOUT=OPEN 
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TC514288AP/ AJ/ AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

CS BEFORE RAE REFRESH COUNTER TEST CYCLE 
I 

tRBH 

tcs 

READ CYCLE 

AD-AS VIH - COLUMN ADDRESS 
VI L - ..I..J..i...J...I..L.l../..k'-:'-+''-L.J....<-'-'-'-..t...l...L.'-'-'-I r---;-;-----------;-;---;"T""-'i "-'~.4.I.J.. 

VIB - ...,..,..,-rr7-n-r.)-h-,...,..,..,-rr7,;::;.~;:!;:;:t;:::++-------W--+-=::::::::;;h_'1"7"7'"1'7' 
tROB 

Wl/I01-WV'I04 VALID DATA-OUT 

\~ITE CYCLE 

:~~ - IjjjJ///J////J/I///////!JlI1///J/l//J/JI//J!/!I//l//J//JII//!J/1// IIIIIJ; 
ownS: ~ I I 

AD-AS COLUMN ADDRESS 

II 

DE V IH - ~~-rrr7-r,-,r-:-r:-:-n-.,.-rr:,..,.,...,~.,...,....r., 

V IL - J.J...(..1..J...I....'-'-'-'~~I..J...I....'-'-'-''-'-'-'-'-f-'-..u..I-~--+--J 

Wl/I01-WVlo4 vOH-
----~---------vOL-

VIH - /, 

vIL - :....u..t.J..UJ1"==:....::;r, ~J..J...J..'-'-'-'..t../...L.J..J...J..'-'-'-'..t../...L.J..J...J..~ ~=...;;:;;..v" "\.l..I..t....t...I.J..~..t../...L.~ 

~: "B" or "L" 
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APPLICATION INFORr4ATION 

ADDRESSING 

TC514268AP/AJ/AZ-70, TC514288AP/AJ/AZ;.aO 
TC514288AP/AJ/AZ-l0 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC5l4268AP/AJ/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, in a read cycle column-address must be held stable 
until the access time. In a write cycle column-address are latched at the last fall
ing of edge of WE or CS. 

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 CS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. The "gated ·cs" 
feature allows the CS clock to be externally activated as soon as the Row Address 
Hole Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

Hrite Cycle. A write cycle is performed by bringing (HB/)HE low during the 
RAS/CS operation. The falling edge of CS or (HB/)WE strobes data on (Hi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability ',B(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/IOi) high with set-up and hold times referenced to 
the RAS negative transition. 
For those data bits of Wi(/IOi) that are kept low as RAS taIls the write operation 
is inhibited on the chip if HB(jWE) is high as RAS falls, the write-per-bit capa
bility does not work and the write operation is performed for all four data bits. 

Date 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 CS is brought low. In a read cycle the 
outputs go active after the access time interval tRAC and tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CS and or are low. (;S or DE 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. 

When 
enabled. 
OE or CS 

the OE input is brought to a logical lo~ level, the output buffer are 
Both CS and OE can control the output. Thus in a read operation, .either 
returning high forces the outputs into the high impedance state. 
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TC514288AP/AJ/AZ-78, TC514288AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

OUTLINE DRA\,JINGS 

• Plastic DIP 

~. l~ lE 17 if 1:- l,; 13 1::: l~ 

Note: Each lead pitch is 2.S4mm. 

Unit in mm 

All leads are located "'ithin 0.25mm of their true longitudinal 

position ~ith respect to No.1 and No.20 leads. 

All dimensions are in millimeters. 
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TC5142&8AP/AJ/AZ;.70, TC514268AP/AJ/Al.;88 
TC5142&8AP / Ad/AZ-l 0' 

• Plastic SOJ 

Unit in mm 

I 17.02-17.27 j 
:26 25 24 23 22 18 1716 15 14-
nOOOo I OOODO 

910111213 

0.41-0.50 11 1 t---_1_l::~_Y:~ -----1.1 

Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility ofr 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. 

-A-175-



TC514288AP / AJ/ AZ-70, TC514288AP / AJ/ AZ-80 
TC514288AP/AJ/AZ-l0 

• Plastic ZIP 

I 2f.3 MJ.X • 

. ,,-----------i 

r- I , 

~ ! 

I, 
II II 0.5±0.1 1.27TYP. 

II I I 

1 :3 5 7 fi 12 13 1':· 17 1 P 

2 4 6 e 12 H 16 1e 20 

Note: Each lead pitch is 1 .. 2i17':IT:. 

All dimensions are in rr.illimeters. 

Unit in mrn 

+o.('~ 

I:' o.Z5-ClOc 

i 1..27 TY:!=-. 

2,5?TYP, 

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 ,,·ithout notice, 

to change said circuitry. 
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TOSHIBA MOSMEMORYPRODUCTS 
TC514100J/z-ao, TC514100J/Z-l0 

rill' TC514100J/Z i.s tile ne\, generation dYI';mic: R,\;! nrg;lnized 4,194,304 \-lords by 1 
b it. Tile TCS14HllU/Z utilizes TOSHIBA's GlOB Silicon gate process technology as well 
as eel c i n:\!it techniques to provide \,J1de "per;Hing margins, both internally and 

srem user. Multipl~x~J address inputs per~it the TC5l4l00J/Z tn be packaged 
in sur.dan2 210/20 pin plastic SllJ and 20 pin plastic ZIP. ce'he package size pro-
Vi(;L':-- lli:;h s:,'ster:: bit densities 2nd is compatible hTith ~.\Tidcly availahle Ziutomated 
t~ L.I:l_ i:l:-"L'.::-t.il1n l:quil'm~nt. :::-::st orientcc fct:turt.':"; incll.lue sin<:::le pO\.Jer supply 
llj" tl.deLHlcl', direct int1c'rfacin.: capabi lit:" eJith hi~:h perfl)rrnance lo;:ic families 

~\lL'!l S('h(,ttl;' TTL. 

vord tv 1 bit organization 
til1~ dnd cycle tiQe 

:TC514l00J/Z-30/-10 
SOns 

40ns 

20ns 

ISOns 

SOns 

lOOns 

50ns 

25n8 
180n8 

60n" 

~)ill;~]'_' [,,")lJer sllpplv Clf 5V' ]0'" \,:ith " 
bui l (::-i:1 :~('n('r.:Jt(1r 

Plnstic ;c-~ 

PIll riM1ES 

;\0 .'\d(1rc~~:~ inpt_l_t_s __ _ 

,\dd I~CSS Strobe 
i D.::t;1 In ---.---------

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

I Data 

t'c~i;lmn Address Strobe 
~~Read/\Jrit;;'-l;:;put _ 

I--::---------t- PmJer (+5V) ______ _ 
Ground 

f-N-=.C::C-.---I-~lo Conn-e.::-t-i-o-n--- -----j 

t,y','.' POh'er 

55i);1\'; Oper.lt '.n:; (Tr:~lldOr;J/Z-'80) 
:'h8n\'; Cip<=rat ing (TCC:14100';/Z-·lIJ'1 
5.5ni,] \L\:,;. Standll" 

ilutDut unlatched at c\',;10 end "l]m']s t\00-

di~ension31 Cllip selection 
C,mwon l/Il capabi 1 ity usin:,] "L\RLY ImrTE" 

t'PCr-2 t i,,)11 
Rc:ad-:kldi:-~,'-1:,1r.ite, Ci\'~~" before 1\..;S refresh, 
R~S-only reircsll, ~iidden refresh, Fast 
f\T;e >lodc and Test :-lode capabilit·v 

All inputs and output TTL compatible 
1024 re'-res]' c:de' 16m" 
";'c:,;:1c:e "lastic S(1J: TC514100J 

"lasti.',:IP: TC5l ic100Z 

BLOCI< DL6,GRA:' 
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TC514100J/z-ao, TC514100J/Z-l0 

ABSOLUTE ;'IA);IMUM RATINGS 

ITE~l SYN30L RATING UNITS NOTES 
Input Voltage VHf ! -1'" 7 V 1 

1-:----
VOUT Output Voltage -1'" 7 V 1 

POIver Supply Volt<l~e VCC 
, 

-1", 7 V 1 
Operating Temper<lture TOPR 

, 
o~, 70 °c 1 

- -------- --,- -
TSTG I Storage Temperature -55'V 150 °c 1 

f-::;----
°C'sec Soldering Temper<lture • Time TSOLDER 260 • 10 1 

POIver Dissip<ltion PD 600 mH 1 
----- - - . "~-----

lOUT 
-----1---

Short Circuit Output Current 50 rnA 1 

RECO~1rmmED DC OPERATING CONDITIONS (Ta=O'V 70°C) 
SYHBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 
VCC Supply Volta~e 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+IO%, Ta=O'V 70°C) -
S'0!BOL PARAMETER MIN. MAX. UNITS NOTES 

I OPERATING CURRENT Tr:51,Uf)~J ;::-80 - 100 
ICCl Average Power Supply Operating Current rnA 3,4 

(RAS, CAS, Address Cycling: tRC=tRC MIN. ) TC514100J/Z-IO - 85 
STANDBY CURRENT 

ICC2 POIver Supply Standby Current - 2 rnA 
\ (RAS=CAS=VIH) ! 
,?~S O~LY REFRESH CURRE~T ! TC5141ao~ =-80 1- 1100 

ICC3 I Aver-age POIver- Supply Current, -RAS Onlv Mode 
I rnA 3 

i (RAS Cycling, CAS=VIH: tRC=tRC MIN.) I TG,Sl.tlOOJ/Z-l·) I - 85 I 
IFAST PAGE MODE CURRENT Mode i TC514100J/Z-80 - 60 ICC4 . Average Power Supply Current, Fast f,,:,,e rnA 3,4 
I (RAS=VIL, CAS, Address Cycling: tp,;=tpc MIN.) TC514100;;-/Z-lO - 50 
I STANDBY CURRENT 

I ICC5 : Power Supply Standby Current - 1 rnA 
: (RAS=CAS= V CC-O .. 2V) 

CAS BEFORE RAS REFRESH CURRENT TC514100J/ Z-30 - 100 
ICC6 Average Power Supply Current, CAS Before rnA 3 

R.-\S "lode (RAS, CAS Cycling: tRC=tRC MIN.) TC514100J/Z-IO - 85 
I:iPUT LEAKAGE CURRENT 

II (L) Input Leakage Current, any input (OV;; VIN;; 6.5V, All Other -10 10 \1A 
Pins Not Under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 10 \1A (DOUT is disabled, OV ~ VOUT ~ 5. 5V) 

VOH 
OUTPUT LEVEL -. 
Output "R" Level Voltage (IOUT=-5mA) 2.4 - V 

" --------- .. -
OUTPUT LEVEL 

VOL Output "L" Level Voltage (IOUT=4.2mA) - 0.4 V 

-A-178 -



TC514100J/Z-80, TC514100J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECrnV1ENDED AC OPERATING CONDITIONS 
\ 'CC= 5\': 10;', Ta=O 70°C) (Notes 5, 6, 7) 

S';"I;::UL I 
!: 

TC51~100J/Z TC514100J/Z 
f-__ -,8_0 ___ t-_-,-_1_0 __ -l lIN1 T 

~lIN • \1.\\ • \11 N. :lX:. 
NOTES 

___ -+18SJ+ ___ --+_n_s_+-_--l 

210 I 

tRC :Kanuom Read or \Jrite C>lcl <c Time 150 
----c:--------------- ----------.. -----=--------.----------

t8"C KC'lcl-\Jrite Cycle Time 175 ns 

! FJst P'"s'" 110de C"cle Time' 50 60 ns 

tpR':C: ,fast Pac:c: 'lude R"ad-Hrite Cycle Time 70 85 ns 
--------+--:-

tR,\C i.\ccess T,,,,e fn'f:l RA~) 80 100 ns! 8,13 
t----- .\c'C ,-; TiclC rrufCl C:\-S ----·--·----------t-------I------ 2---0-----·+----+---2--5----i- ~-- 8,13 
r------... -------------.-'-~----- -

t'e'_ ',\ccess TIme from Culumn "ddress 4(] 
-.----j-.--.--j-------r-.---+-.-----

4~ 
t--------- --------.---------....... ----.- .. -.-.. - .--

tl.~F.l :.lLc('s::i Tirr:e from (.~\S PrLl~h.J.rge 
-- . -- --.. ------------.----.- ----------+----f-----.-+-----j-----

tR,\L Colu! Address to Lead Time 40 50 
-------, .. ---------------.---------+----1--.----- ---'------·-i-----j----1 

tRCS Read Command Set-Up Time 0 0 
tRCu .-- R~~d--~~~d- Hold Time ------ --0--+-----+--0--+-----+----+----1 

------ Re3d Command -=-HC:--o--:l-d'--=TC-::i-m-e-r-e"'f-e-r-en-c-ed-::--t-o--+---' -+-----+---+-----+---+---J 
tRRH RAS o o 
-------i------------------------+r----+------+---+-----+----+--~ 

t\\TCH \'Jrit e Command Hold Time 15 20 
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TC514100J/z-ao, TC514100J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOHf1ENDED AC OPERATING CONDITIONS 

P.\RAHETER 
TC51UOOJ/Z 

-80 
HA.\(. 

-A-1BO-

TC514100J/Z 
-+-___ -~1,0 __ __I U~nTS NOTES 

mel • 11AX. 



TC514100J/Z-80, TC514100J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
C::otc' 15) 

TC514100J/Z TC514100J/2 

P,\RA~![TER r-_,-_8_0 ___ -t_-._-_1_O __ ___1 e;; IT NOTES 
~!I;l . HA.X. HIN. HAX. 

185 ns ~~ ___ R_a_n_de)r;1 _~.t:,1(j 0Y \Jr~t_~_~~.:.:_le Time 11~5-

:!~~(~ __ ~~~~;~_~:~_~::~'~~_T_i_r:1:~_ _ _______ ~;~~I---~---_j__-2-1-5+-----j___-n-s__j---, 
ti'e F:lst I',,:~t'! Mode Cycle Time 55 I 65 ns 

f------ -- - --- --'--------------- --- -;-----+----+-------t------t----I 
tpRh'C Fast 1',12<0 )lc'de Read-\'irite Cvcle Time 75 90 ns 

8,13 105 ns 
--------1-------- --------------------t--_j__------------
tR,\C ,\",:e~;' Time from RAS 85 

1---- - - -- -------- - .----- -------- -------------
tCAC ,\e:e'''';'; Time from (;-;\S 
-- - ,-------- -- --------
tAA Access Tirr:c' from Column Address 

30 ns 25 8,13 
----t------__j---t-------t------t----j 

45 55 ns 8,13 

tcP_\ Access Time from CAS Precllarge 50 60 ns 8 

ns 
------_t_-_j__----+--_i_-----i_--j___-__j 

tRAS R,\S Pulse Width 85 10,000 105 10,000 

ns 
c---- --- - =--::.--------------------------- --j----------t---j___---____t_---j----_1 
tRASP R,\S Pulse h'idth (F3st Page Mode) 85 200,000 105 200,000 

ns 

ns 

---i_--1-----j___---j~-__t 

tRsn R.\S Hold Time 25 30 
~----t-=,_=----------------------t_-___t_---__t-____j-----__t--__r_-___1 

tCSH C.\S Hold Tim'2 85 105 

ns 

ns 

r.:-------- --- ------- -------- ---------- - - -- - 1------
tc,\S (:".\5 Pulse IHdth 25 10,000 30 10,000 

1--------+------------------------ -----j----+------j 
tR;\L Column ,\ddress to R,\S Lead Time 45 55 
~l Us to \';}~ltE Delay T-Dn~----------t--2-5----t------+--3-0-i-----i--n-s-j---1-2--1 
I-------"---------------------------------_t_-----t---------+-------j----------i_---j___----j 

l:,,~.1l : R.\-S to I-IR11:: Dela-! Time 85 i 105! ns 12 
t------.--------------===--------------t----t---------------,---=---=-r---
t,\:m ! C"lumn ".ddress to hlR11:: DeLl? Time ::'5 I 551 ns 12 

CAPIICITA:ICE (VCC=SV:'10.-', f=lclHz, Ta=O'\. 70°C) 

SY;'lBOL PARA-IETER I :'1;( . ~'L\X • UNIT 

Cn Input C3pacitance (AO '\. AIO, DIN) ! - 5 pF 
r------ 1---------

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

Co Output Capacitance (DOUT) I - 7 pF 
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TC514100J/z-ao, TC514100J/Z-l0 

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. ICC1, ICC3, 1CC4, 1CC6 depend on cycle rate. 

4. lCC1, 1CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. ,\n initLll pause of 2001:s is required after pmver-up follmved by 8 R,\S 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. Measured with a load equivalent to 2 TTL loads and 100pP. 

9. topp(max.) defines the time at which the output achieves the open circuit con
dition 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 (,RITE leading edge in read-write cycles. 

12. tHCS, tRvlD, tCIID and tAHD are not restrictive operating parameters. They are 
included in the data sheet at electrical characteristics only. If twcs f; tHCS 
~min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cylce; If tRwn;;; tRwn (min.), 
tC\ID~tC\~D(min.) and tAwn~tAwn(min.), the cycle is a read-write cycle and data 
out \vill 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 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. These specifications are applied in the test mode. 

-A-182-



TC514100J/Z-88, TC514180J/Z-l0 

TI!!ING vlAVEFORllS 

1----.----.--........ -------.------.---- .. ' 
! i-----'-=-=---J 

------.j\t--.----------.''-'-':...-- -. ----~V L 
I I ' 

I 
• I 

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

I --'-.- ,...,.---

• I 

~: 
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TC514100J/Z-80, TC514100J/Z-l0 

WRITE CYCLE {EARLY WRITE) 

tRC 

tRP 

RAS 
vIH tRAs 

VIL 

tRCD tRSH 

tCRP tCSH 

VIH 
CAS 

VIL 

tAR 

tRAD 

VIH 
AO-AIO 

VIL 

I 
tCWL 

"WCH 

VIR twp 
WRITE 

VIL 

tRWL 

tDH 

VIR 
DIN DATA 

VIL 

tDHR 

VOH OPEN 
DOUT 

VOL 

~ "R" or ilL" 
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READ-WRITE CYCLE 

HAS 

f!AS 

AO-A1O 

WRITE 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VOH -

VOL -

tCEP 

TC514100Jlz-aD, TC5141 OOJ1Z-l 0 

'EWC 

t EP 

tHAS 

tHSH 

tRCD tRWL tCRP 

tCAS 

tCSH 

CAR cCWL 

tHAD tHAL 

tCAH 

COLUMN 

tAWD 

tRWD 

tCW1J 

tCAC - I tM tOFF 

'HAC I 
I 

~ OPEN VALID DATA 

tCLZ 
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TC514100J/z-ao, TC5141 OOJ/Z-l 0 

FAST PAGE MODE READ CYCLE 

VIH ------,.. 
~--------------------------------------~ 

VIL --

V1H ------~~~------------~ 

V1L --

VIL -

-DOUT 

~ "H" or "L" 
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TC514100J/z-ao, TC514100J/Z-l0 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

__ VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

"DHR 

DOUT 
VOH 

OPEN 
VOL 

f222J: "H" or ilL" 
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TC514100J/Z-80, TC5141 OOJ/Z-l 0 

FAST PAGE MODE READ-WRITE CYCLE 

VIR 
AO-AIO 

VIL 
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TC5-141.00J/Z~80, TC514100J/Z-l0 

RAS ONLY REFRESH CYCLE 

AO-A9 

VIR --------~~ __ ---------------t~RA==S--------------~ 
VIL --

OPEl! 

f2Z1 "H" or tiL" 

NOTE: vlRITE="H" or "L". A10-"H" or "L" 
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TC514100J/Z-80, TC514100J/Z-l0 

CAS BEFORE RAS REFRESH CYCLE 

VIH -

VIL -

CAS VIH--

vIL - __ -I 

VOH 
DOUT 

NOTE: AD'" AID="H" or ''LI! 

OPEN 

~ "H" or "L" 



TC514100J/Z-88, TC514100J/Z-I0 

HIDDEN REFRESH CYCLE (READ) 

VIE ----~=-~-r----------~ 

VIL-

VIH -
AD-AI 0 

VIL --

VIH --~~~~77777777~+---+-------~~77~-----i~~~~~77~777777777777T 

V I L -- '-'-'-'-'-'-'-'-"'T' ........ '-'-'''' 

VOH -

DOUT VALID DATA 

tCLZ 

~ uRn or "L" 
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TC514100J/Z-80, TC5141 OOJ/Z-l 0 

HIDDEN REFRESH CYCLE (WRITE) 

tRC 

tRP 

VIH 
EAS tEAs tEAS 

VIL 

tRCD tRSH 

CAS 
VIH tCRR 

VIL 

tAR 

tEAD tEAL 

AD-A10 

VOL 
OPEN 

~ "H" or ilL" 
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TC514108J/Z-88, TC514100J/Z-l0 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS V IH - ---,J...f\'L..c _______ 
t

_

RAt-3 ::::::::::::.::::t,:::RS:::::H'::::'::::'::::'::::.:fJ~ 
vIL - ~ , '"'--

tOPT , 

VIR -~ ,tCSR tOHR I 
CAS .. r- ~--~V 

VIL -
I 

tCAC 

READ CYCLE tRAL 
tOF.Il' 

tAA 
I 

VALID DATA } 
VOH -

DODT ----++- OPEN ;jW 
tRCS I~ 

VOL -

WRITE :~: -WIllI "0/111/1/11 tRCH W£ 
WRITE CYCLE I 

OPEN I VOH -
DOUT ---+-t---------j--H--

VOL -

tCWL 

tfW!i ~ twcs tWCR 

:~: -WIllI V;1I/I/~A.I---t--++---t.::..::.....Wp ---v.//I/I$IIIIIIIII/II//I/L 
I tDS tDH.1 I I I 

DIN :~: -.~'''''''''''''1/ /1""""""W""""" /;'@rrr//mrrr'@rr7'"W/;rr7'"W/;,-rr?W /;"""""''ij ~V--:-ALI_D D_ATA----rM0" I I I I/mb! I I 111/1/1 /; 

READ-WRITE CYCLE 

DOUT VALID DATA 

\ 1/// / //1//1/ IJ/IIR 
tOWD ~ 

::: -1/1/;111//1// /1//1/$;1 //I $;1I/I/I/!&€ID -;3w"""""WrrT"WrrT"WrrT"/jrrT"W/t""""" 

SW 
~: "H" or "L" 
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TC514100J/Z-80, TC514100J/Z-l0 

TEST MODE IN CYCLE 

V IH _---±,.--"L 

VIL-

::: =---~~--------- OPEN 

NOTE: DIN' AO'" AIO: "H" or "L" 
~: "H" or "L" 
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TC514188J/Z-88, TC514100J/Z-l0 

TEST f100E 

TIlL' TCSI4100J/Z is the RAN org;:mized 4,194,304 ,curds bv 1 bit, it is internally 

()rg:lnL~L'd 5:24,~88 wards by B bits. In If Test Hode", delta arc written into 8 secotrs 

in parallel and retrieved the same WO\'. AIGR. AlOe and Aoe are not used. If, upun 

r,,:ldi:l:-:. ,111 hits ;He equell Cd] "I"s ur "O"SI, the delta uutput pin indicates Cl "1". 

the bluck dLl:~Llr1 of TC5l!+lOOJ/Z. In "TC'st "lode", the 4>1 DP~\;'1 can be tested as if 

i L ,',_ ,] 51 DR\:I. 

"':inTE, C;\~ Before' ]Z,\S Cvcle> (1L'~t "ic'ck in Cvcle)" shown iil Page 17 puts the 

device into "Test ;l,'de". And "cXS BC'f.H(> t:\S Refresh C"cle" or "RAS Only Refresh 

Cvclc: 1 puts it b;lCk intlJ "l',;nrmdl >l(Jde fT ~ The "Test ~'1rlde!f function reduces test times 

(1/8 in caSe of N test pattern). 
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TC514100J/z-ao, TC514100J/Z-l0 

BLOC K D IAGRAr~ I N TEST HODE 

AIOR, AlOc,iDo 

'---l~", 
AIOR, AlOC Aoc J -~ 

~.~ 512K block 
..0- -l A .~ rT'est I 

AlOE, AlOer\. Aoc J E 

512K l)locl: 
B 

A lOR, AIOC, Aoc J C 
"" 512 K blocl: ~ 

C 
AIOR,AlOC,Ao0J D 

W 
'r>. 512K block If;--

~ 15 
Din 0-

Normal AiOR.AIO~ E 

~ 
.~ 512K block t-;;--

E 
AIOR, AIOC ' AocJ F 

,., 512 K bID ck f-;;-
F 

Test 
AIOP,AlOC,Aoc Q 

Jr ~,..;. J 512K block ~ 
Normal lL G 

AIOR,AIOC,AoCJ H 
~ ,..;. 512K blo ck t";- AIOR,AIOC,Aoc 

H 

Fig. 1 
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TC514100J/Z-80, TC514100J/Z-l0 

. Pbs tic SOJ 

--,-
J 

- ------- --t------ -- - J 
'::o~ I INDEX DOT 

'Lif __ ::r= ~-=-r::: -::r-----+-----t:::r=-=-t::r=:r --~ 
="--' '-' '-' ~ ~ 

1 " 3 4 5 9 \II 11 J:! 13 

Unit in mm 

-rF~ 

==rl-
",I 
C"J I ':t'l 

co i ':l 

~l ~ 

Note Package width and length do not include mold protrution, 

allowable noold protrution is 0.15rnm. 
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TC514100J/Z-80, TC5141 OOJ/Z-l 0 

• Plastic ZIP 

Unit in rnm 

26.3 MAX. 

I~·.r---------------------_.---1--:. 
3.0 MAX. 

r---

>< '" ..: d 

IJlDEX DOT 
:>i +1 
\0 co 
'"' cd 
d 
'"' 

.11.0.5±o.l 1.27 TYP. 

~LP 
~ 

o.25~ ~g~ 

1.27 TYP. 

2.54 TYP. 
1 3 5 7 9 11 13 15 17 19 

2 4 6 8 10 12 14 16 18 20 

Note Package width and length do not include mold protrution, 

allowable mold protrution is 0.15rnm. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC51401J/Z-80, TC514101J/Z-l0 

The TC514101J/Z is tl](O lH:I, ,n,eneration dynamic 1\/,,'1 organized 4,19/,,301+ \'lords by 1 
bit. 'iil,' TCC,14101.1/Z utilize" TOSHIBA's C'IOS Silicon gate process technology QS well 
QS adv~nc~d circuit techniques to provide wid0 operating margins, both internally and 
to the s'/stem user. l-\ultiplexc,d address inputs permit the TC514101J/Z to be packaged 
in a st;'lld:nd 26/20 pi" plastic SO] and 20 pin plastic ZIP. The package size pro
vides hi,~h sv>;rem bit densities :lnd i.s compatible with \,Tidel), avail:lblce automated 

:::, ~[1,":..~ ~;;jd i,r,::t:~rt L\:FI e~llil)rrll:;n:::. S~/ster. orie:lted fe::!.ttlres illclude single power sup
ply uf 5 V::: 1 0;: tolerance, direct interfacing capabilit\' \vitl! high performance lo:;ic 
families such as Schottky TTL. 

4,194,J04 word by 1 bit org30ization 
Fast nccpc.;s time 81,d evele tin'c 

Low power 

1C514101J/2-80/-10 

578mW Operating (TCS14l01J/Z-80) 
495ml-l Oper:oting (TC514101J/Z-I0) 
5.SmH NAX. Standby 

Output unl31:chcd at cylce end al10\75 
two-dimensional chip selection 

Common I/O capability using "E,\RLY 
I.JRITE" operation 

Sin"lc pO',Jeer supplv oJ: 5V±1O% \,.'itl! a 

Rcad-'-lodify-Hrite, CAS before RAS re
fr('sh, RAS-on1y refresh, Hicldccn 
refresh, Nibble Uode :on::! Teest tlode 
capability 

builr-in gel1er3tor 

PIN COi!IIECTIGrI (TOP \'lEVi) 

Plas:ic SOJ Plastic ZIP 

IL\S 
kC, 

Al 

.'\: 

A3 

A9 

!l(lI:T 

D l."! 
lL,S 

;-.i ~ c, 
AO 
A2 

Vce 
AS 

.L 
_1; 
~-, 

_:2-1 
~-, 

" 
~~ 
I:G 

':.t, 
yJ 
- , 

1.5; 

l~J 

c-~ CAS 
C~: vss 
~l~ IITITtc 
~- AIO 
Cljl 'i.c. 
Cf:: ,1.1 
[(.~ ,\3 

Cl~6 A4 

Vee '-__ J A7 l}l~ 
[(8 A6 

!io A8 

PI N NA~1ES 
AD 'c AID Address Inputs 

RAS Row Address Strobe 

Dn; Data In 

DOUT Data Out 

CAS Column Address Strobe 

\VRITE Read/Hrite Input 

Vec Power (+5V) 

VSS Ground 

N.C. No Connection 

AO 
AI 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

All inputs and output TTL comp:otible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514101J 

Plastic ZIP: 1C5l4101Z 

BLOCK D IAGRA~1 

A I 0 V-'"L~--'-'./l 
~~~lTI...y1 
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TC51401 J/Z-80, TC514101 J/Z-l0 

ABSOLUTE r·iAXItlUr,l RATH!GS 
ITEI SYNBOL RilTING UNITS NOTE 

Input Voltage VIN -1 'V 7 V 1 
Output Volt<1gce VOUT -1 'V 7 V 1 
Power Supply Voltage VCC -1 'V 7 V 1 
Operating Temperature TOPR O'V 70 °c 1 
Storage Temper<1ture TSTG -55 'V 150 °c 1 
Soldering Temperature Time TSOLDER 260 • 10 ° C 'sec 1 
Power Dissipation PD 600 mIV 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOf'if~ENDED DC OPERATING CONDITIONS (Ta=O'V 70°C) 

SYHBOL PARNIETER HIN. TYP. ~IAX. UNIT NOTE 
VCC Supply Vol t<1ge 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O'V 70°C) 
S~1BOL PARAHETER MIN. MAX. UNITS NOTES 

OPERATI~G CURRENT TC514101J/Z-80 - 105 
ICCl Average Power Supply Operating Current rnA 3,4 

(R.-'.S, CAS, Address Cycling: tRC=tRC HIN.) TC514101J/Z-IO - 90 

STA..\1lBY CURRENT 
ICC2 Power Supply Standby Current - 2 rnA 

(J0\S=CAS=VIH) 
f~S O~~Y REFRESH CURRENT TC51410 IJ/Z-80 - 105 

ICC3 Average POIver Supply Current, RAS Only Mode rnA 3 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC514101J/Z-IO - 90 

NIBBLE HaDE CURRENT TC514101J/Z-80 - 60 
ICC4 Average POIver Supply Current, Nibble Mode mA 3,4 

(RAS=VIL, CAS, Address Cycling: tNC=tNC MIN.) TC5141 0 I J/l-IO - 50 
STA11lBY CURRENT 

ICC5 Power Supply Standby Current - 1 mA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TC5141 0 I J/Z-80 - 105 

ICC6 f.verage Power Supply Current, CAS Before RAS mA 3 
:·Iode (RAS, CAS Cycling: tRC=tRC MIN.) TC514101J/Z-IO - 90 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input (OV;:; VIN~ 6.5V, All -10 10 lJA 
Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV;:; VOUT~ 5.5V) -10 10 lJA 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-SmA) 2.4 - V 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage . (IOUT=4 . 2rnA) - 0.4 V 
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TC51401d/z-aO;'TCl14101J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±l0%, TamO '\, 70°C) (Notes 5, 6, 7) 

TC51410lJ /Z TC51410lJ/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. HIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 

tRHC Read-Hrite Cycle Time 175 - 210 - ns 

tNe Nibble Node Cycle Time 40 - 45 - ns 

tNRMVI Nibble Node Read-Write Cycle Time 65 - 75 - ns 

tRAC Access Time from RAS - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 40 - 50 ns 8,14 

tNCAC Nibble Mode Access Time - 20 - 25 ns 8 

tCLZ CAS to Output in Low-Z 0 - 0 - ,ns 8 

tOFF Output Buffer Turn-off Delay 0 20 0 30 ns 9 

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

tRP RAS Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRSH RAS Hold Time 20 - 25 - ns 

tCSH CAS Hold Time 80 - 100 - ns 

tCAS CAS Pulse Hidth 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay Time 15 40 20 50 ns 14 

tCRP CAS to RAS Precharge Time 5 - 10 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 15 - ns 
t Ase Column Address Set-Up Time a - 0 - ns 

tCAH Column Address Hold Time 15 - 20 - ns 
tAR Column Address Hold Time referenced to RAS 60 - 75 - ns 

tRAL Column Address to RAS Lead Time 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - 0 - ns 
t RCH Read Command Hold Time 0 - 0 - ns 10 

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

tWCH Write Command Hold Time 15 - 20 - ns 

tWCR Write Command Hold Time referenced to RAS 60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 
tRv.1L Write Command to RAS Lead Time 20 - 25 - ns 
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TC51401 J/Z-80, TC514101 J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECor'lt~ENDED AC OPERATING CONDITIONS (Continued) 

TC514101J/Z TC5J4JOIJ/Z 
Sl1'mOL -80 -10 UNITS [;onS 

~--~-----+-----,----~ 
NIN. HAX. 

tCWL \\'rite Command to c7\s- Lead Time 20 25 11~; 
------------------------------ ----- 1----- ---- ------
tos Doto Set-Up Time 0 0 llS 11 
~---- ------------------ ------ ----------
t DIl Do ta lIold Ti_Ille 15 20 IlS 11 
-------------------------------- ------- --------------
tDHR Datu Hold Time referellced to TIf\S 60 75 ]]s 
---- ------------------ ------ ---- --- -------
tREF Refresh FCLiod ] 6 16 ms 
------- -------- ------------------------ ---,-----1---------- ---- ------c-------
t\'JCS Ihi te Cnmmand Set-Up Time 0 (J ns]:2 
---- - - ------- - ------------- - -- ---- --- ----------t----+------
t C\;TD CA.S to WRITE Del ay Time ns 12 

n8 

~---t-------- ------------------- ---------------1---- ----+---+---+---1 
tHTS Hrite Command Set~Up Time (Test ~lode In) 10 10 n8 

r-------t - --------- -------- -------t-----I-----1 
Prite Command Hold Time (Test Mode In) 10 10 n5 

I'JRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

I'JRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

10 

-A-202 -

-- ----t----4-----r--~ 

10 n5 

10 n8 



TC51481J/Z-88, TC514101J/Z;.10· 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(l;OTE 15) 

TC514] OJ/Z TC514l0lJ/Z 
SYMBOL PARAMETER -80 -10 UI,lT NOTJ:S 

HlN. HAX. MIN. HAX. 

tRC Random Read or Write Cycle Time 155 - 185 - l1S 
-- '-._--'---1---

tR\,C Read-Write Cycle Time ]80 - 215 - 11" _._------- ._--- --- -
tRAC Access Time from RAS - 85 - 105 ns 8,13 

tCAC Access Time from CAS - 25 - 30 ns 8,13 
tAA Access Time from Column Address - 45 - 55 ns 8,14 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tCWD CAS to WRITE Delay Time 25 - 30 - ns 12 
tRWD RAS to WRITE Delay Time 85 - 105 - ns 12-
tAWD Column Address to \.JRITE Delay Time 45 - 55 - ns 12 

CAPACITANCE (Vcc=5V:-lO%, f=IHHz, Ta=O'V 70°C) 

SYHBOL PARAMETER HIN. HAX. UNIT 

Cn Input Capacitance (AO'VA10, DIN) - 5 pF 
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF 

Co Output Capacitance (DOUT) - 7 pF 
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TC51401 J/z-ao, TC514101J/Z-l0 

~~()TES : 

1. Stre.sses greater than those 1 iSLed undc·r "Ahs()] llt(~ ;"IQximum Ratings" mo.y cause 
j!tTmOncnt dZ111lage to the devj~·('. 

2. All volt~gcs are rerpren~~d to VSS' 

3. I Cel , , ICO" ICC6 depend ,," cycl," ralC'. 

ICCI. 1CC4 depend on outpul loading. 
(")11tPUt open. 

Spcc.ifico vol\]c~ arc nhtz}jllL-'d \·rith the 

5. An initial P:lUSC' of 200]IS ic; required afL,'r pmh'r-up fo]lm.'l'd bv 8 lUIS evell's 
before propl'r dC'\r.icC' opcr;-ltion j,s acl1il'vc·d. In CdSl' of usjng inll:n131 refresh 
counter, a minimum of 8 (I\S before j~\S- i.nitLllizatiun cycles inSle.1d of 8 }fA:) 
cycles are required. 

(l. 'AC llleasurements assume tT~511s. 

7. and VIL(m;n:.) are reference levels for measuring timing of input 
Also, transition times arc measured between VIH and VIL. 

8. Me3sured witb a load equivalent to 2 TTL loads and lOOpF. 

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

IO. Either tRCE or trmn must be s;]tisficd for a read cycle. 

11. These parameters are reference.d to CAS leoding edge in early "rite cycles and 
to wRITE leading edge in reaci-Hrite cycles. 

12. tviCS, tRIm, tC\\D and tA\>!D are not restrictive operating pnrameters. They are 
included in the data sheet as electrical characteristics onIv. If twcs~ twcs 
(min.), the cycle is an early write cycle and data out pin vill remain open 
circuit (high impedance) through the entire cycle; If tRIm'; tRlm(min.), 
tCVD'; tCh'D(min.) and tAhTD'; tAI.ID(min.), the cycle is a read-,,'rite 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 "ithin 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 ',ithin 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 tAP.' 

15. These specifications are applied in the test mode. 



TC51401J/Z-80, TC514101JIZ-l0 

TI~lING \-JAVEFOm~S 

READ CYCLE tHe 

VII!--===+:::::H=:::::==+~j--T~':;;---ti-hJ;:==::::'---
'"IL -

VII! -
v -lL 

Vall -

VOL -
------

I-JRITE CYCLE (EARLY \0RITE) 

CAS 

AD-AID 

WRITE 

DIN 

DOUT 

VIII -

"IL --

VIB -

VIL -

VIH -

VIL -

VIH -
VIL -

VIH -
VIL -
VOH -
VOL-
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TC51401 J/Z-80, TC514101 J/Z-l0 

READ-WRITE CYCLE 

tHWC 

CAS 
vII! -
VIL -

AO-AIO 

tAWD 
tCWIl 

WRITE 
VlH -

tCAC 
tAA 

tCLZ 
VOIl- OPEN 

DOUT 
VOL -

DIN 
VlH 

VIL 

~: fiR" or "1" 
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lC51401 J/Z-80, lC514101 J/Z-l0 

NIBBLE MODE READ CYCLE 

AO-AlO 

DouT 
VOH 

VOL 

WlffTE VI1~ 

V1L 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

HAS 
V III 

VIL 

CAS 
VIH 

VIL 

AO-AlO 
VIH 

V1L 

WiITTE 
VIH 

VIL 

DIN 
VIH 

V1L 

VOH 
Dour 

VOL 

m: "H" or fiL" 
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TC51401J/Z-80, TC514101J/Z-l0 

NIBBLE MODE READ-HRITE CYCLE 

HAS 
VII! 

VIL 

CAS 
V III 

VrL 

VIH 
AO-A10 

VIL 

WlUTE 
VIH 

VIL 

VIH 
DIN 

VIL 

DOUT 

~: "H" or ilL" 
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TC51401 J/Z-80; TC514101J/Z-10 

RAE Oh~Y REFRESH CYCLE 

AO-1I9 

Dour 

tRC 

V IH - ----ci '---o--______ t-"'R~c.;:S'--______ __I 

\r 'y Ir-----------------~I 
i 

,~ 

VIH -

VIL -

tHP r----- -----i 

\J 

VOH - ----------- OPE-N -------------
VOL -

l22L]: "R" or ilL" 

NOTE: WRITE="H" or "L" , AIO="H" or "L" 
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TC51401 J/Z-80, TC5141 01 J/Z-l 0 

CAS BEFORE RAS REFRESH CYCLE 

::~ = rjo:.--------,,}~II-
---f ~C il 

I 

tCSH ~ ~CHH 
~--L 

Vm -

V IL - ...w..W-<-L..l...i..~-4.i..J 

I 

6] 
Dour 

VOH - ~ 
--------~---------------------VOL -

OPEN 

NOTE: AO 'U A10="H" or "L" 



TC51401J/Z-88, TC514101JIZ .. 10 

HIDDEN REFRESH CYCLE (READ) 

tRC 

tRP 

VIH tRAS 
RAS 

"IL 

tRSH 

CAS 
VIH 

VIL 

AO-AIO 

DOUT VALID DATA 

tCLZ 

~: "H" or "L" 
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TC51401 J/z-ao, TC514101 J/Z-l 0 

HIDDEN REFRESH CYCLE (HRITE) 
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TC51401 J/Z-80, TC514101J/Z-l0 

CAS BEFORE RAS REFRESH COUNT~R TEST CYCLE 

IL~S 
vIII ,- I-
I'lL 

CAS 
Vm 

VIL 

AD-AIO 
VIII 

VIL 

READ CYCLE 
lOFF 

IDOI:T 

Vall 

vOL 
VALID DATA 

I \\1lJ TE 
VlH 

"- vIL 

\JRITE CYCLE 

VOH 
DOl!'!' 

VOL 

V III 
VIRI TE 

VIL 

VIll 
DI:--I 

vIL 

READ-WRITE CYCLE 

vOH 
DOUT OPEN 

VOL 

WRITE 
VIH 

VIL 

VlH 
DIN 

VIL 
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TC51401J/Z-80, TC514101J/Z-l0 

TEST MODE IN CYCLE 

t HC 

t HI' 

VIH -
tMS 

HAS tHI'C ---

VIL -

tcp 

VJll - t CJ1H 
CAS 

VIL -

VIH -
twrn 

WRITE 

VIL -

1 VOH -

DOUT OPEN 

VOL -

NOTE: DIN' AO 'U J\' ['! ,I or q, li 
L i2Z] : "H" or ilL" 
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TC51401 J/Z-80, TC5141 01 J/Z-1 0 

APPLICATION INFORMATION 

ADDRESSH~G 

the TC5l4l01J!Z are multiplexed onto the 11 address inputs and latched into the on

chip address latches by exterl1Jl1y applying tlvO negative going TTL-level clocks. 

The first clock, the Em>l Address Strobe , latches the 11 row address bits 

into the chip. The second clock, the C,'lumn Addn,ss Strobe (eiIS), subsequently 

latches the 11 column address bits into the chip. Each of these sign;]ls, RAS, and 

CAS, triggers a sequence of events which are controlled by different delayed inter

nal clocks. 

The two clock chains are linked together logically in such a way that the ad

dress multiplexing operation is done outside of the critical path timing sequence 

for read data access. The later events in the CAS clock sequence are inhibited 

until the occurrence of a delayed signal derived from the RAS clock chain. This 

"gated G\S" feature allows the CAS clock to be externally activated as soon as the 

Rm" 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 TiRI'[£ 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 (DIN) register. 

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

h'RITE input is brought Im>l (qctive) 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 WRITE signal 

will be delayed until after CAS has made its negative transition. In this "delayed 

write cycle" the data input set-up and hold times are referenced to the negative 

edge of WRITE rather than CAS. (To illustrate this feature, DIN is referenced to 

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

while the "early write" cycle diagram shows 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 available at the ouptut 

within the specified access time. 
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TC51401J/Z-80, TC514101J/Z-l0 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (DOUT) of the TC5l4l0lJ/Z 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 r~ODE 

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. Rowand column address 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(O, 0)-(0, 1)-(1, 0)-(1, l)~ 

Address AlO determines the starting point of the circular 4 bits nibble. Row AID 

and column AlO 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 

AlO row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any combinations 

of reads and writes or late "lHi tes will be allowed. In addition, the circu·'.ar wrap

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

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

at each of the 1024 row address (AO 'V A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function 

is most easily accomplished with "RAS-only" cycles. 
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TC51401JIZ-80, TC514101JIZ-l0 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing availahle on the TCS14l0lJ/Z offers an alternate 

refresh method. If C/"S is held on low for the specified period (t CSR) hefore RAS 

goes to low, on chip refresh control clock generators and the reCresl. address counter 

are enahled, and an internal refresh operation takes place. After the refresh op

eration 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 TC5l4101J/Z is that refresh cycles may be per

formed while maintaining valid data at the output pin. This referred to as Hidden 

Refersh. Hidden Refresh is performed by holding CAS at Vn and taking RAS higb and 

after a specified precharge period (tRP), executing a CAS before RAS refresh cycle. 

(See Figure below) 

MEMOHY CYCLE HEFHESH CYCLE REFHESlI CYCLE 

I /'~ j\ ~ 

I 

--- OPEN I I I 
DoUT 

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

affecting the data availability. 
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TC51401 J/z-ao, TC514101 J/Z-l 0 

CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh operation of TC5l4l0lJ/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 initializa

tion 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 1024 times. 

Q) Check "1" out of 1024 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 1024 times. 

® Check "0" out of 1024 bits at normal read mode, which was written at ®. 

® Perform the above CD to ® the complement data. 
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TC51401J/Z-80, TC514101J/Z-l0 

TEST MODE 

The TC514101J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 

org,mi%ed 524,288 words by 8 bits. In "Test Hode", data are written into 8 sectors 

in parallel and retrieved the same way. AlOR, AlOC and AOC are not u8ed. If, upon 

reading, oIl bits are equol (all "l"s or "O"s), the data output pin indicates a "1", 

If any of the bits differed, the data output pin would indicate a "0", Fig, 1 shm"s 

the block diagram of TC5l4l0lJ/Z, In "Test ~lode", the 4H DRAM can be tested as if 

it were a 5l2K DRAM. 

"WRITE, CAS Before RAS Cycle (Test Hode in Cycle)" shown in Page 15 puts the 

device into "Test Hode", And "CAS Before RAS refresh Cycle" or "RAS OnlY Refresh 

Cycle" puts it back into "Normal Hade". The "Test Mode" function reduces test times 

(1/8 in case of N test pattern). 
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TC51401 J/Z-80, TC514101 J/Z-10 

BLOCK DIAGRAM IN TEST MODE 

AIOR,AIOC,AOC 

~ Al 0 R, Al 0 C, AOCj A 
" 512K block 

No rma I 

A 
Al OR,AI OC, AOCj 

"" 512K block 
B 

B 

AIOR,AIO~:AUCJ !I~ C g-512K block 

C 
AIOR,AIOC,AOCj D ~ 

Test "- 512K block r----

Test 

~ 
D 

~ 
Norma I AIOR,AIOC,AOCj E 

r.. 512K block f=:--
E 

AIOR,AIO~,AOCJ F 
512K block ~, __ 

I IF 

-
AIOR,AIOC,AOCJ a 

~ "- 512K block f=:-
a 

Test 

'--1 
Normal 

AIOR,AIO£,AOCj H 
512K block r;:; 

H 
Al OR, Aloe, AD C 

Fig. 1 
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TC51401J/Z-80, TC514101J/Z .. l0 

. Plastic SOJ 

Unit in rom 

17.02-1727 

1817161511'] 24 23 ?2 ~ 

"U.8 ~IIN. 

~ 

'" C 
0 N a> m 00 m 

- I I I 
"- '" co 
"- 0) :0 

INDEX DOT 00 oi 

Y 
............................ ~ ..................... ~~-

1 2 3 4 5 9 10 11 12 13 

0.41- 05 0 ,II. 1.27 TYP. 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.lSrnrn. 
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• Plastic ZIP 

Unit in mm 

l~r ____________ 2_6_.3_M_A_X_· ___________ ·~1 3.0 MA.x. 
I---
V 

x '" .,. 0 
:2 +I 

INDEX DOT 

cf 
to "l 
0 

00 -

.. 11 .. 0.5±0.J l.27TYP. 

~l ~." 
+0.07 

0.25 -0.05 

1.27TYP. 

2.54TYP. 

1 3 5 7 9 II 13 15 17 19 

2 4 6 8 10 12 14 16 18 aJ 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusio~ is O.lSmm. 
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TOSHIBA MOSMEMORY PRODUCTS 
TC514102J/z-ao, TC514102J/Z-l0 

DESCRIPTIOfI 

The TC514I02J/Z is the ne\v generation dynamic RAH organized 4,194,304 \vords by 1 
bit. The TC514l02J/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 TC5l4l02J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with \videly available automated testing 
and insertion equipment. System oriented features include single power supply of 
5V:':10% tolerance, direct interfacing capability \-lith high performance logic families 
such as Schottkv TTL. 

FEATURES 

• 4,194,304 word by 1 bit organization 
• Fast accpss ti~e and cycle time - , .. 

TC5l4102J/Z-80/-l0 
tRAC RAS Aq,ess Time 80ns lOOns 

tAA 
Column Address 40ns SOns Access Time 

tCAC CS Access Time 20ns 25ns 
tRC Cycle TiDe 150ns l80ns 

~---

Stat ic tsc C"lunn 45ns 55ns ~Iode Cye Ie Time 

Single pOHer sllppiv of SV'_I07 \vith a 
bllilt-in VSE gcncr:ltt1r 

PHI COm,!ECTIOf! (TOP VIEI,) 

Plastic SOJ PLlst ic ZIP 
1>[1' I 21; p 

: 
\;1 (J 

~~~ (S 
Ilt)( r 

Lou pmver 
550mW Operating (TC514102J/Z-80) 
468mW Operating (TC514l02J/Z-10) 
5.5ml-l HAX. Standby 

Output unlatched at cycle end al10us t",o
dimensional chip selection 

• Common I/O capability using "EARLY \~RITE" 
operation 

Read-clodify-IJrite, CS before RAS refresh, 
RAS-on1y refresh, Hidden refresh, Static 
Column Uode and Test Hode capability 

All inputs and output TTL coopatib1e 
1024 refresh cycles/16ms 
Pac\age Plastic SOJ: TC5l4102J 

Plastic ZIP: TC514102Z 

II H I TE 

illS 
i\.l'. 
AIO 

l 
23D 
21p 
::, p 

11')1 T {] 

1) 1:\ :~.J 
!~\;, 7~J 

.\.(". ~~J 

[~1 Vs,-; 

[~) \\ 111 1'1: 

~.h II I) 

SLon: D I AGR/lJI 

AO 
Al 
A2 
A3 

Vee 

I 
5 

" 
10 
11 
12 
13 

23P 

I~ p 
17 P 
16 P 
15 P 
14 

. \{J l)J 

.A~ C:~ 
Vee }~-~ 

,15 {I] 
A7 l~TI 

D!) "'.( ' . 
~(~ \l 

Q~l .\:~ 
[(h \ I 
[Lo..; ,\1) 

[~(l \H 

PI~! NAr,lES 
AO'oA10 
~S --

~ddress Inputs _~ 

R01v Address Strobe 
-~ 

DU; Data In 
DOUT Data Out --
CS Chip Select Inp'lt 

I-JRITE Read/I:ritc I~l)ut 

VCC P01ver (+5V) 
VSS Ground --
N.C. ;'0 ConnecUon 

AD 
Al 
A:2 
A3 
A4 
AS 
.. In 
A7 
AB 
,\ ~l 

Il" 
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TC514102J/Z-80, TC514102J/Z-l0 

ABSOLUTE ~1AXH1UM RATINGS 

ITEM SYH130L RATING UNITS NOTE 

Input Voltage VIN -I'\, 7 V 1 

Output Voltage VOUT -I'\, 7 V 1 
Power Supply Voltage VCC -I'\, 7 V 1 
Operating Temperature TOPR o'\, 70 °c 1 
Storage Temperature TSTG -55'\, 150 °c 1 
Soldering Temperature' Time TSOLDER 260 • 10 °C'sec 1 
Power Dissipation PD 600 mH 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcor~MENDED DC OPERATING CONDITIONS (Ta=O'\, 70°C) 

SYHBOL PARMlETER NIN. TYP. ~1iL,{ • UNIT NOTE 

VCC Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Inprtt Low Voltage -1.0 - 0.8 V 2 

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

SYHBOL PARMlETER ClIN. ~lAX. UNITS NOTES 
OPERATl::G CURRENT TC514102,J/Z-80 - 100 

ICC1 Average POHer Supply Operating Current rnA 3, 4 
(RAS, CS, Address Cycling: tRC=tRC BIN. ) !TC514102,J/Z-IO - 85 

STfu'lDBY CURRENT 
ICC2 Power Supply Standby Current - 2 rnA 

(RAS=CS=VIH) 
-

RAS OKLY REFRESH CURRENT TC51,II02,J/Z-80 - 100 
ICC3 iA':'-"'2'age POIJer Supply Current, RAS Only Hade rnA 3 

__ (Rl\S Cycling, CS=VIH: tRC=tRC clIN. ) TC:ill102J/Z-IO - 85 
-----~ 

STATIC COU,l:; ]>lODE CURRENT 
TCSIIlO2,)/Z-80 - 60 

ICC4 Average POI'Jer Supply Current, Static Column Hade rnA 3, 4 
(RAS=C S= \' IL , Address Cycling: tSC=tsc HIN.) TC511l02J/Z--IO - 50 

STANDBY CURRENT 
IcCS Power Supply Standby Current - 1 rnA 

(RAS=CS=VCC-0 . 2V ) 
---

CS BEFORE R\S REFRESH CURRENT 1'<:51 II02J/Z-B 0 - 100 
ICC6 Average POIver Supply Current, CS Before RAS Hade rnA 3 

I 
(RAS, CS Cycling: tRC=tRC HIN. ) TC514102J/Z -I 0 - 85 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input (OV';;V IN ';; 6.5V, All Other -10 10 lJA 

Pins Not Under Test=OV) 
---~ 

OUTPUT LEAKAGE CURRENT 
II(L) 

(DOUT 
-10 10 l'A 

is disabled, Oil ~ ;;5.5V) 
OUTPUT 1[\'[L----- -- ----~--

_.-
VOH Output HtJ'f Level Voltage (IOlJT=-5mA) 2.i, - V 

~-.-~------""--- -- --- -
OUTPL'T 

VOL LEVEL 
Output l~L II Level Vol t n~~(' (01)1=4.2mA) - 0.4 V 
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TC514102J/Z-80, TC514182J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMt,1ENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=0'V70°C) (Notes 5, 6,7) 

SYMBOL PARAHETER 

Random Read or I-Jrite Cycle Time 

Rcad-I-Jrite Cycle Time 

tsc Static Column Mode Cycle Time 

tSRI';C Static Column :1ode Read-Hrite Cycle Time 

tRAC Access Time from RAS 

TC514102J/Z 
-80 

TC5l4l02J/Z 
-10 

HIN. Mll...'{. MIN. MAX. 

150 180 

175 210 

45 55 

80 I 10Q 

UNIT NOTES 

ns 

ns 

ns 

ns 

80 - 100 ns 8,13 
~-----r---------------------------------------+----+-------~--~~------+-----~~~ 
tCAC Access Time from CS 20 - 25 ns 8,13 

tAA Access Time from Column Address 40 - 50 ns 8,14 

tALH Access Time from Last I-Jrite 75 - 95 ns 8,15 

CS to Output in Low-Z ns tCLZ 

Tc)FF 

o 
o 20 

o 
o ns 

8 

9 Output Buffer Turn-off Delay 30 
~----~~--~--~~~~--~--~~----------4----+--------r--~--------+----+---~ 

Output Data Hold Time from Column 
Address 5 5 ns 

Output Data Enable Time from HRITE 20 25 ns 

Output DaL] Hold Time from HRITE o a ns 

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

ns 60 70 t RP RAS Pre charge Time 
I-------r------------------ -------------------~----~------~--~I--------~-----~--~ 
t MS R.\S Pulse IHdth 80 10,000 100 10,000 ns 

R::\S Pulse ",idth (Static Column Ilode) 80 200,000 100 2()O,000 I ns 
I --------------------------- --- , 

~,s E:~ ~ d T ~~:e -- - -- ----- -~_-__ l ___ ~-_~_+------_-_~-__ --_-+-_1_~ __ ~~---_-=======~==-~--:_ -_ -1+ -_ -_ -_ -_-_-1-1 

les Pulse I'idth r 20 10,000 25 10,000 ns 

CS Pulse \,1dth (Static Column ;-Iode) 20 200,000 25 200,_0_0_0-+ __ n_s __ + ___ ~ 
----f----- -----~f-- ------.-:.-

RAS to CS Delay Time 20 60 25 75 ns 13 
---------

ns 14 

ns 
~----l----- -------------------

Column .\clclress Hold Time referC'llcec\ La 

if'IS 90 
- --f-- -- -- ---

115 -
-- -f------ ---

ns 
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TC514102J/Z-80, TC5141 02J/Z-l 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4l02J/Z TC5l4l02J/Z 
SYMBOL PARAMETER -80 -10 UNITS NOTES 

NIN. MAX. MIN. HAX. 

tRAL Column Address to RAS Lead Time 40 - 50 - ns 

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

t'RCH Read Command Hold Time 0 - 0 - ns 10 

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

tl-JCH Write Command Hold Time 15 - 20 - ns 

Hrite Command Hold Time referenced to 
tWCR RAS 

60 - 75 - ns 

twp l.Jrite Command Pulse lVidth 15 - 20 - ns 

tWI \.Jrite Command Inactive Time 10 - 10 - ns 
Column Address Hold Time referenced to 

5 10 16 tAH RAS Rise - - ns 

tLWAD Last \hi te to Column Address Delay Time 20 35 25 45 ns 15 

tAHLH Last Hrite to Column Address Hold Time 75 - 95 - ns 

tRIVL Hrite Command to RAS Lead Time 20 - 25 - ns 

tCWL l.Jrite Command to CS Lead Time 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - ns 11 

tDH Data Hold Time 15 - 20 - ns 11 

tDHR Data Hold Time referenced to RAS 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 
t IVCS l;Trite Command Set-Up Time 0 - 0 - ns 12 

tmD CS to I,!RITE Delay Time 20 - 25 - ns 12 

tRlVD . RAS to HRITE Delay Time 80 - 100 - ns 12 

tAHD Column Address to WRITE Delay Time 40 - 50 - ns 12 

tCSR CS Set-Up Time (CS before RAS Cycle) 10 - 10 - ns 

tCHR CS Hold Time (CS before RAS Cycle) 30 - 30 - ns 

tRPC RAS to CS Precharge Time 0 - 0 - ns 

tCPT CS Precharge Time 40 - 50 - ns 
(CS before RAS Counter Test Cycle) 

t WTS Hrite Command Set-Up Time (Test Node In) 10 - 10 - ns 

tHTH Hrite Command Hold Time (Test Node In) 10 - 10 - ns 

tWRP WRITE to RAS Precharge Time 10 - 10 - ns 
(CS beforeRAS Cycle) 

-
I.JRITI: to RAS Hold Time tWRH 
( CS before RAS Cycle) 

10 - 10 - ns 
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lC514102J/Z~80, TC5141 fl2J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
(Note 17) 

TC514102J/Z TC514102J/2 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tRWC Read-l.Jrite Cycle Time 180 - 215 - ns 
tsc Static Column Mode Cycle Time 50 - 60 - ns 

tSRWC Static Column Mode Read-Write Cycle Time 85 - 105 - ns 

tRAC Access Time from RAS - 85 - 105 ns 8,13 
tCAC Access Time from CS - 25 - 30 ns 8,13 

tAA Access Time from Column Address - 45 - 55 ns 8,14 

tALW AcceqS Time from Last Write - 80 - 100 ns 8,15 
t RAS RAS Pulse Width 85 10,000 105 10,000 ns 
t RASC RAS Pulse lJidth (Static Column Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CS Hold Time 85 - 105 - ns 

tcs CS Pulse l.Jidth 25 10,000 30 10,000 ns 

tcsc CS Pulse Hidth (Static Column Mode) 25 200,000 30 200,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tCI.JD CS to \.JRITE Delay Time 25 - 30 - ns 12 

tRI.JD RAS to \.JRITE Delay Time 85 - 105 - ns 12 

tAWD Column Address to I.JRITE Delay Time 45 - 55 - ns 12 

CAPACITANCE (Vcc=5V±10%, f=Hll-lz, Ta=O'C 70°C) 

SYNBOL PARA1-1ETER NIN. HA.'\. UNIT 

Cn Input Capacitance (AO'CAIO, DIN) - 5 pF 

C12 Input Capacitance (RAS, CS, I.JRITE) - 7 pF 

Co Output Capacitance (DOUT) - 7 pF 
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TC514102J/Z-80, TC514102J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
(Note 17) 

TC514102J/Z TC514102J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 
tRC Random Read or Hrite Cycle Time 155 - 185 - ns 

tRWC Read-Write Cycle Time 180 - 215 - ns 
tsc Static Column Mode Cycle Time 50 - 60 - ns 

t SRI.JC Static Column Mode Read-\.Jrite Cycle Time 85 - 105 - ns 
----

tRAC Access Time from RAS - 85 - 105 ns 8,13 
tCAC Access Time from CS - 25 - 30 ns. 8,13 
tM Access Time from Column Address - 45 - 55 ns 8,14 

tALl.J Access Time from Last Write - 80 - 100 ns 8,15 

tRAS RAS Pulse Width 85 10,000 lOS 10,000 ns 
t RASC RAS Pulse Width (Static Column Mode) 85 200,000 IDS 200,000 ns 

r------
~ Hold -Time tRSH 25 - 30 - ns 

tCSH CS Hold Time 8S - lOS - ns 

tcs CS Pulse \.Jidth 25 10,000 30 10,000 ns 
1-----

tcsc CS Pulse \.Jidth (Static Column Mode) 25 200,000 30 200,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tCHD CS to l.)RITE Delay Time 25 - JO - ns 12 
-;:--- ---- ----- -----.--f-

tRIm RAS to WRITE Delay Time 85 - IDS - us 12 

tAlm Column Address to WRITE Delay Time 45 - 55 - ns 12 

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

SYNBOL PARA~IETER HIN. HAX. UNIT 

Cll Input Capacitance (AD", AlO, DIN) - 5 pF 

CI2 Input Capacitance (RAS, CS, l.JR ITE) - 7 pF 
--

Co Output Capacitance (DOUT) - 7 pF 
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TC514102J/Z-80, TC514102J/Z-l0 
NOTES: 

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

2. All volLl';oes ,lre' roei(:r"nced to '.·SS. 

3. ICCI. ICC3. lCC4. lCC6 depoend on cycle rate. 

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

5. An initial pause of 200\JS is required after p","er-up 10l10"'c:d by any 8 I\.,\S 
cycles bl'i,)re proper device operation is achieved. 
In case or using internal refresh counter. a minimum ,))" 8 C:; [,c:fore 'R:'i's in
itiali::ati,," cycles instead of 8 RAS cycles arc' requirc'd. 

6. AC measurc'!:ll'nts assume tT=5ns. 

7. VIH(min.) :ll,d VIL(max.) are reference levels for measuring timing of input 
signals. Also. transition times are measured bl't",een VIH and \'IL' 

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

9. tOFF(;::2:':') defines the time at which the output achie"c:s the open circuit con
dition and is not referenced to output voltage levels. 

10. Either t'-(CI; or tRRH must be satisfied for a H>ad cyele. 

11. ThL'Se' p,lr.lrlL'te:;rs :lre referenced to CS leadin;; edg,-, in early ",rite cycles and 
to 't-:,iUYf lL'.1din;.: e,d:;L' in read-IHite cycles. 

1') tIKS, tRh'D. tCI';D :md tAIID 1'!re not restrictive operating parameters. They 
:Ir'-' il'cluue'd i11 the data sheet a", electrical ch:1rncteristics onl\'. If t\,!CS~ 

t'iCS!~'irc.) :led ll'!CII = t\<:CIl(min.). thL' cycle is a11 early \HitL' cycle and daLl out 
pin \:~ll rc.:main opc.:n circuit (high impedance) throu;;hout thL> entire' cycles; [f 
ti,,:n'; t~:.:[)(rlin.). te.:]):;; tC:Dlmin.) and tA\<,'[); tAI!DIl'lin.). tlw cycle is a read
hTite' ..:::elc :md the dat.l out \Iill contain data rL'ad from thL' selected cell: l( 
llL'ithc'r of tilL' ,1I,,)ve SL'ts of conditions is satisfic:d, the condition of the data 
,lut (,i.l dl,'l:t,..'SS timL') is inJt:tcrminate .. 

I J. ('pc'r:lti"l' '.:itilin tilL' tl,CD(min.) limit insures tkn el:,\(~(1'1a::.) can be met. 
eRCD!""":') is sp,-,cificd as a rc·ference point 0111\', If tRCO is greater than the 
spc:cL'iLJ ll\C01nu:·:.) limit, thL'll access timL' is c'll1tcolled by tC\C' 

1-'+. Ope'raei0:1 "ithin the tL\Dlr:,,'.) limit insure'S th,1t tR_\c(m<1:':') can be met. 
tl\.,\])(",a:·:.) is sp,-,cified as a r",f",nelICe po.int only: If tp~\[) is greater than the:; 
specific:d tlL\D(ma:·:.) limit, then access time is controlled e:·:clusiv"ly by t1'v\' 

15. Operation Hithin the tUN\D(max.) limit insures that tAUI(ma:,:.) CCl11 be met. 
tLh'AD(ma:.:.) is specified as a reference point only: If tU!AD is greater than the 
specified tLI'AO(max.) limit, then access time is controlled exclusively by tAA' 

16. tAE is the condition to latch column address ,vhen 'ru\S has rised up. 

17. These specifications are applied in the test mo(\·_. 
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TC514102J/Z-SO, TC514102J/Z-l0 

TIMING WAVEFORMS 

READ CYCLE 

CS 

WH!TE 

\-[11 

\1 L 

\-111 

\ 1 L 

\1I1 

\ 1 L 

tlW 

1--------- t [llL 

CULl \l\ AIJDI(E~S 

I I '~~~~.J 

till' 

iJOI:'!' 
\UI [ 

\-OL 

I tll\l; I _ r t,LI .! r!OFfl, i------F --r---~ 
----.....:...---- ()PE\ ~_ ---\--'--I-L-ll-)-[-)'\-T-A---':"--"':-~ 

~1" f 

M)~,\ll) 

cs 

\IHITE 

DIe; 

DOlJT 

\ III 

\ I I. 

\ 111 

\ 1 I. 

I-Ill 

I'll, 

\'1Il 

I'lL 

\- [II 

VlL 

\'(Jll 

V(n 

t HI.' 
.. I 

I"' t lU' 

---~ 

(il'I:.\ 

~: ItH" or "L" 



TC514102J/Z-80, TC5141 02J/Z-l 0 

READ-viRTU CYCLE 

t I{\YC 

VIII -----i ___ . _____ ..!.lL>lL ________ _ 

VIL-

t 1\\\1. 

1-' S 1~iJ:=t=IL='J=1 =J 
AU -.1] Ii / , HU\I ADJJllESS CUll \1" .llJIJHESS 

\ IL-

'111 -

1"11-
--------------------~~v I.ILI iJ IJ.IT I 

I, 'L 

teLi:: 

E2Z] "H" or "T.J" 
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TC514102J/Z-80, TC514102J/Z-l0 

STATIC COL1J}!N HODE READ CYCLE 

DOCY 

tRAIl 

YII! - ____ --L _____ L-J 

\Oll 

VOL 

!:J!. (",: ,,,-S +-.-L........! 

tIlCD 

tCSII 

tCLZ 

tRASC 

COLll:llN 
ADDfUc.'iS 

tcsc 

E'22a: "H" or "L" 
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TC514102JIZ-80, TC514182JIl-I0 

STATIC COLUN,,: ~10DE HRITE CYCLE (EARLY IJRITE) 

IllS 

AU -,II il 

{OS 

IIHln: 

D1\ 

DOlT 

\\111 TE 

DOl '" 

\ Iii 

I I L 

\ 111 

\ I L 

\ 111 

\ 1 L 

\ I I I 

• 'IL 

V III 

\ 1 L 

\ ( Ij t 

y( )1, 

\ III 

\ III 

\ r L 

Vlli -

VII. -

\ ()II 

1 , )1. 

tAI\H -1-

() P E:"-

D: "Bf! or ilL" 
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TC514102J/Z-80, TC514102J/Z-l0 

STATIC COLUHN ;-lODE READ-WRITE CYCLE 

\iIll - ---..,. tllASC 

VIL - ~::====================================================:¥ 

AO-AIO 

\iIH - ---~====:::!:j~~="-----t-t-:=~-1 
vlL -

VIIl -II 
\i I L - I.,:.'.,:.' i.L(..L(...L.I...L.I...L.I...L.I.'-L.r..J 

DOUT Vall - ----.:.....-------k'f' 
vOL -

VALID DATA 

STATIC COLLi-tel "lODE READ/lJRITE HIXED CYCLE 

VIH-~ 

VIL- ~ll~LTI~i~.~======~----------------------------------------------------------

VI![ -
AO~AIO 

vlL -
t AwR 

cs VIH - lese 
VIL -

WllITE Jr' 

DIN 
1J-[ 

'IlL 

Dour 
VOH -

VOL -

EZZ1 : "H" or "L" 

-A-234 -



TC514182J/Z-80, TC514102J/Z-l0 

~ ONLY REFRESH CYCLE 

CS 
VIH 

VIL 

tASR tRAH 

VIH 
AO-A9 

"IL 

OPE:-l 

~: "H" or ilL" 

NOTE: HRITE~"H" or "L", AIO="H" or "L" 
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TC514102J/Z-80, TC5141 02J/Z-l 0 

CS BEFORE RAS REFRESH CYCLE 

tHe 

L 
(:S 

() P E:\ 

:\OTE: AO Co AIO="H" or "L" ~: "H" or ilL" 
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TC514102J/Z-80, TC514182J/Z-l0 

HIDDEN REFRESH CYCLE (READ) 

tRC 

t RP 

vIII - tRAS tRAS 
RAS 

VIL -

tRCD 

vIII - tCIIR 
CS 

V1L -

tRAD 

tAR 

Vm 
AO-AIO 

VIL 

\VlIT'i'E 
VIII 

\1 L 

Vell! 
il()GT 

~:IIH"or"L" 
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TC514102J/z-ao, TC514102J/Z-l0 

HIDDEN REFRESH CYCLE (h'RITE) 

I~~--
---"L 

-~(-: ------------1 
tHI' 

t R\S 

\ I L 

t [{CD .1 

\ITIj T J: 
\ fJ! 

" [ L 

> III 
Dj\: 

" 1L 

\{)ll 

DOlT - ----------- ---------- -------
\()L 

~: "H" or "L" 

-A-238 -



-- -- ~---·-I ---- ----- -----

TC514102J/Z-80, TC514102J/Z;.10 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

I-l\:--

ee; 
READ CYCLE 

Ail-.III) 

11()1 T 

Illt]],J: 

WRITE CYCLE 

r.I'I' Illl 

I 
, 

II( d 'I 

-\\ It J -J i: 

J II \ 

DeliT 

\II{JTI: 

VIII 

\ I l. 

\ III 

I'lL 

\. !II 

\ J I. 

lUll 

I(JL 

I'll! 

11 L 

VIII 

IlL 

lUll 

lUI, 

\ III 

\, I I, 

\ [J i 

\, I L 

\ III 

I II. 

Vlil 

I I L 

VIII 

VII, 

-

-

I I 

_1//// -/i/ /, 

t HAS 

I~ 

I : 
I--t-.\~ 

t I1SII 

l'IlL1,C'i 

t il\ L , 
I I ..,1 

, OPF,:\ 
I--.......:I_! __ t ('\\ L I 

It\\C~l ~ ~--~;~~~~ __ -_I:..--.J 
:...~_--+I ____ t_\\l'. ____ ~ _ 

~ "lI" or "L" 
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TC514102J/z-ao, TC5141 02J/Z-l 0 

TEST MODE IN CYCLE 

V III -
ItAS 

'ilL -

VIl! -
CS 

I'lL -

\'[11 -

WHITE 

Va --
1 

I 
P-U4.' 

, AO" 

r--______ t_Jl\_S __ - -d 

I 

~ ... -

OPE)) 
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TC514102J/Z-80, TC514102J/Z-IO 

TEST MODE 

The TC5l4102J/Z is the RAN organi.2ed 4,194,304 words by 1 bit, it is internally 

organi..::ed 524,238 \.vords by 8 bits. In "Test :·lode", dnta are t.Jritten into 8 sectors 

in parallel and retrieved the same way. AI0R, AlOC and AOC are not used. If, upon 

reading, all bits are equal ((111 "1"5 or "O"s), the data output pin indicCltes a "1". 

If any of the bits differed, the data output pin would indicate Cl "0". Fig. 1 shm"s 

the block diagram of TCSl!+102J/Z. In "Test Hade", the 4,1 DRA\I ,:Jl1 be: tested as it 

it "',"re a 512K DRXI. 

"f!RITE, CS Before RAS cycle (Test ,lode in Cycle)" shmm in Page 16 puts the 

device into "Test "lode". And "cs Before RAS R,"fresh Cycle" or "Ri\S Only ICefresh 

Cycle" puts it back into "Normal clode". The "Test \Iode" function reduces test times 

(1/8 in case of N test pattern). 
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TC514102J/Z-80, TC514102J/Z-l0 

BLOCK D IAGRAr'1 HI TEST MODE 

512K block 

11UIl. \JOe,Aue 

Test 

:\orma 1 

To s t 

~ 
Sormal 

III ~ 0 \IUH,.\]I]C,MJ(' 

~-~ 

Fig. 1 
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TC514102J/z .. ao, TC514102J/Z-l0 

• Plastic SOJ 

t'nit in mm 

17')2-1727 

2·1 23 22 18 17 10 15 11 j 
T 

;1 

If-:llL:.,\ DOT 00 

, ----------- --------l~ I 

31 5 9 II) 11 12 1:1 

, O.t-; (j -- ())) ! iT--------

t:ote: Package "idth and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 
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lC514102J/Z-SO, lC5141 02J/Z-1 0 

• Plastic ZIP 

Unit in mm 

J ~. 
/ 

~ 
"·1 

J:\ DE,\ DOT r--
;:; H 

"' "1 

'" 
00 

~ 

, 

II U .. , '-0.1 1.27fYP. 
-I .. 

t ~f p ~ 

§L 
+0.07 

0.25 - 0.05 
I 

L27TYr. 

J 2.54 TYP. 

I :3 5 7 11 13 15 17 19 

H 10 J:.~ I·' 16 Ie ]'1 

Note: Package ~(fidth and length do not include mold protrusion, allm(fable 

mold protrusion is O.ISmm. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC514400J/z-ao, TC514400J/Z-l0 

DESCR I PTI ori 

The rCS144{)U.J/ is the \1e\\l generation d/TIafi1i...: R~~l ur:.;anizcd l)O-4(:),SltJ hiords by -4 
bits. The TC51~,'jOOJ/Z utilizes TOSHIBr\'s C'IOS Silicon gate process technology 35 \vell 
;le; ;]civ;1ncl'J circuit techniques t,) provide wide opc'rating m;Hgins, both internally 3nd 
to the s:··;t USeer. ~lllltipLe""ci address inputs pc'r:"Lt the TCS14400J/Z to be packaged 
in a standard 20/20 pin plastiC SOJ 3nd 20 pin plastic ZIP. The package size pro
vides ili'"~11 ;-;~,'·:::;tL'~:: hit densities ,'lod is compatible \.','·it~l \vidcly 3vail{]bJ~ automated 
testing ;lnll in~ertion equipment. Systen orient2~ f~~tures include single power supply 
l"lj" S\ lu toll..:'r.'lnce, direct interf,]cing c.:lpabilit~- Fit11 higll performance logic families 
such 3S SchottLv TTL. 

FEI-UURES 

1,048,576 word by 4 bit nrg3niz3tion 
F3st access ti~e 3nd cvcle time 

L,>\,; POl"er 

, r;'r":;,')l<1';,)O,L =-,~O" -1 J 

57,~m\J ,lAY. Oper;'tin, (T(;514400J/2-80) 
4950lJ HAX. Opcr:-_ting (TC514400J/Z-10) 
5.5mi·j HAX. Standby 

tRC I Cycle T_l_·m_. e __ _ 

I i;sr--Page ~lode 
t PC C\'cl e Time 

SOns 

40ns 

20ns 
lSOns 

SOns 

lOOns 

SOns 

2.Jns 
130ns 

60ns 

of Single power supply 
built-in Vnp generator 

sv+ lO~: "'ith a 

PIN CorWECTIOfi (TOP VlEIJ) 

P13stic SOJ P13stic ZIP 

In····' .. :, : ~ ;; - ~ ~ 

7~.-. ::'.1 '/--- .,'--

I . ~ 

Ul 

d • 
.-

: 1', 
, ,'~ J _ 11 

) -.e: 1_ ~ 1--

L.-

~\9 Address Inputs 
EA~ RO\\f Address Strobe 

I--==c-- . 
CAS Column Address Strobe 

I!RITE 
.+---

Read/lvrite Input 
OE Output Enable 

I/Ol ~, 1/04 Data Input/Output 
VCC Pmver (+5V) 
VSS Ground 

A7 

A8 
A9 

Outputs unlatched at cycle end allmls t,·m
di~ensional chip selection 

Read-\Iodifv-Ihite, CAS before RAS refresh, 
~\S-only refresh, Hidden refresh and 
F3st Page Mode capability 

All inputs and outputs TTL comp3tible 
1024 refresh cycles/16ms 
P3ckage Plastic SOJ: TC514400J 

Plastic ZIP: TC514400Z 

2LOCI( DIAGRAfl 

BIAS 
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TC514400J/Z-80, TC514400J/Z-l0 

ABSOLUTF [·lAXH·lU11 RATH1GS -
ITW STIiBOL RATING UNITS NOTES 

Input Voltage VIN -1'" 7 V 1 
Output Voltage VOUT -1'" 7 V 1 
Power Supply Voltage VCC -1 0 ,7 V 1 
Operating Temperature TOPR 0'" 70 °c 1 
Storage Temperature TSTG -55'" 150 °c 1 
Soldering Temperature· Time TSOLDER 260 . 10 °C·sec 1 
Power Dissip3tion PD 600 rnW 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOrlf1ErIDED DC OPERATHIG CONDITIONS (T3=0", 70°C) 
SY?-lB<lL P ARM·JETER MIN. TYP. HAX. UNITS NOTES 
VCC ~upply Volt3ge 4.5 5.0 5.5 V 2 
~~.-~ 

2.4 6.5 V 2 VIH Input High Voltage -

VIL Input Low Voltage -l.0 - 0.8 V 2 

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

SYHBOL PARAMETER NIN. HAX. UNITS NOTES 
OPERATl:0G CURRENT '1','., L,:·11)' .-80 - 105 

ICCl Aver3ge Power Supply Operating Current rnA 3,4 
(R,\S, CAS, Address Cycling: tRC=tRC MIN. ) 

.... l440fJ.1 ,_ ~ ,I - SO 
STANDBY CURRENT 

21 rnA 1CC2 Po.ver Supply Standby Current -
(RAS=CAS=VIH) 
R~~S G::JL Y RHRE SH CCRRENT !~ .. ; ~'~",,; ~ _ or) - 1105 i 

ICC3 Average Power Supply Current, RAS Only Mode --< r:lA 3 
(RAS Cycling, CAS=VIH: tRC=tRC }lHI.) Te.': 14-4,8'. ·;/~~-'L0 - 90 I 

I 

FAST P.'\'GE HaDE CURRE:'JT I"'" - ~, in' ~ /- -\1 - 70 
ICC4 Average Power Supply Current, Fast Page Mode ~I 0J. h'. J')'~/ ~- l~ rnA 3,4 

(RAS=VIL, CAS, Address Cycling: tpC=tpc MIN.) T';:;14400J/Z-IO - 60 
STANDBY CURRZllT 

ICC5 Pot"er Supply Standby Current 
(RAS=CAS=VCC-0.2V) 

- 1 rnA 

CAS BEFORE RAS REFRESH CURRENT 
'r'f~~ l4400J/:"-~O - 105 

ICC6 Average Pot"er Supply Current, CAS Before rnA 3 
RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) T'-', 144 80J/Z-IO - 90 

TelPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 jJA 

(OV;'; V IN :; 6.:SV, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 jJA 
(DOUT is disabled, OV;; VOUT;; 5.5V 

VOH OUTPUT LEVEL 
2.4 V Output "H" Level Voltage (IOUT=-5rnA) 

-

VOL 
OUTPUT LEVEL 0.4 V -Output "L" Level Voltage OOUT=4.2rnA) 
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TC514400J/Z-80, TC514400J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECO~MENDED AC OPERATING CONDITIONS 

SY:'lBOL I 
I 

P,\RXIETER 1-___ . __ -,8_)0 _______ + __ ,-_1 __ (_) __ -jU:aT NOTES I
'TC51:'40UJ/:: lC51 ',40(),1/Z I' 

tpF:·n: 

-"-- .. -
t !,Z.\C 

tCAC 

R2nJom R8aci or Write Cyc12 Time 

Fast 
Timl:' 

t\CC 

;\\.~ c c.-s:-:; 

T ic:lt' 

Iicle 

i r(lTI) FAS 

frum C\S 

t 
~~s Tim~ from Column Addr~ss 

-tCp~\--i ).cces~-Y~~m C}';S Precharge 

:1 I:: riA> . ,,!IN. HX<. 

)0 

tCLZ I C:;-S t,) Output in LllW-Z 0 0 

TIS I 
TIS 

TIS 

--
TIS 8,13 

ns 8,13 

ns 8,13 

TIS 8 

ns 8 
----------------------+------t------+----~------+------1-----1 

torr Output Buffe, Yurn-off Dcla:: 0 20 0 
I-----~-----------

20 ns 9 

ty Ir~nsitilln Time (Rise and Fall) 3 
I--t-R-P-+-R-~,-\'~ --;,:~·-c-;,~,r2e--T-t[-lC'--- ------... ---- +--6()-------·-70 n s 

,_ 5_) .. () ______ 1 __ .. ---j ___ --I ns 7 

---- ---------.. ------------,----+------+----4-----+---+----j 
tR,\S Pul'301!idtll __ ...... ______ ... ______ t-_1_,_,_"o_00_-+_1-_I})() f~'O() ______ _ 

tR,\SPl\,\-S- Pulse I.liclt\) (F,lst ;'I()d(~L____ 80 i200,000 100 i200,000 no-; 

R,\S Hold T~::e__________ 20~ __ -c _______ f-_ n'5_+ __ --I 

C,\ S H,) 1 d T i ~w ___________________ ... _____ 2_, 0 __ ._, __ ... - ____ ..: 0 __ )0 __ -'-______ '-_ n_,_ s __ + _~ 

f 20 10,000 25 10,000 ns 

t?CD P.S u C.,5 Time ..... 20 60 25 75 ns 13 
-t;'D R.\;' tee CL,lumn .}dd;~ssD~-l~~;T-l-m-(' - ---.. , '----1-5 -1----4-'-0-t-?~J:.... ... l-I--·-5--0-+~n~"-' ---1-1-'4--1 
-c---...-~~ -------- ---~----

tc~~_p C,\::: t\_'1 ~~\S i'l-ec Time 
--- .... 

tcp j)r.-L'C !lar;';L~: Tim~ 

Address S~t-llp Tine 

K<..)\.: .'\dclrcss Hold Time 

i 111 
--- .. ----_ ... --+ ···-4----+ 

10 ns 

TIS 
-J~ _____ ~------~-

ns 

ns 

ns Culumn Address Set-Up Time 
f-,-----+ 

t ColuICln ,\dJress Hold Time 
... - ----- -----r----

IlS 

Column Address Hold Time referenced to 
tAR 

EAS 
~ ___ ----+--..c..-.----... ~~-------===--

tR,\L Column Address to R:7\S Lead Time 40 50 

ns 

ns 

10 

f-------- .. - ... -------. -------·-----------·1-----+-------.... ·-+-----+----+-----1---1 
tRCS Read Command Set-Up Time 0 

1-----+------ .... --... --... -.- -- -- ---... -~ ...... - -------------- .......... !.-...... - +-----jf---+----4 -----11-----1 
tRCH Read Command Hold Time 0 

ns 

ns 
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TC514400J/Z-80, TC514400J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOt1rmmED AC OPERATING CONDITIONS (Continued) 

TC514400J/ TC514400J/ 
SYHBOL PARAMETER Z-80 Z-lO UNITS NOTES 

mN. MAX. HIN. ~IAX. 

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

tlvCH "rite Command Hold Time 15 I - 20 - ns 
t lvCR \,Jr it e Command Hold Time referenced to RAS 60 - 75 - ns 
tHp I·irite Command Pu1 se l.Jid th 15 - 20 - ns 

tRh1L II,rite Command to RAS Lead Time 20 I - 25 - ns 

tel-IL l.Jrite Command to CAS Lead Time 20 - 25 - ns 
-~ r----- . 

tDS Data Set-Up Time 0 - 0 - ns 11 

tDH Data Hold Time 15 - 20 - ns 11 
-- --- ---l 

tDHR Data Hold Time referenced to R,\S 60 I - 75 - ns 

tREF Refresh Period - 16 - 16 ms 
t h1cs Hrite Command Set-Up Time 0 - 0 - ns 12 

tom CAS to "RITE Delay Time 50 - 60 I - ns 12 
tRIJD R,\S to h1RITE Delay Time 110 - 135 - ns 12 

tAIJD Column Address to I-IRITE Delay Time 70 - 85 - ns 12 
tCSR CAS Set-Up Time (CAS before RAS Cycle) 10 - 10 - ns 

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

tRPC RAS to CAS Precharge Time 0 - 0 - ns 

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

tROH RAS Hold Time referenced to OE I 10 : - 20 - ns 
I 

tOEA OE Access Time - I 20 - 25 ns I 

tOED OE to Data Delay 20 - 25 - ns 

tOEZ Output Buffer Turn Off Delay Time from OE 0 20 0 20 ns 
tOEH OE Command Hold Time 20 - 25 - ns 

tWTS Write Command Set-Up Time(Test Mode In) 10 - 10 - ns 
tWTH l-irite Command Hold Time (Test "lode In) 10 - 10 - ns 

tWRP l-iRITE to RAS Precharge Time 10 - 10 - ns 
(CAS before RAS Cycle) 

tWRH I-IRITE to RAS Hold Time 10 - 10 - ns (CAS before RAS Cycle) 
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TC5144GOJ/Z-80, TC5144DOJ/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

TC514400J/Z TC5l4400J!Z 
SYrlBOL PARAMETER -80 -10 UNIT NOTES 

MIN. ~lAX. MIN. MAX. 

tRC !Random Read or Hrite Cycle Time 155 - 185 - ns 
tru,HJ Read-Modify-Write Cycle Time 210 - 250 - ns 

tpc Fast Page Hade Cycle Time sst - 65 - ns 

tPRl'lH 
Fast Pa;:;e Node Read-clod if y-\;r i t e Cycle 

1051 Time - 120 - ns 

tRAC ,\ccess Time from RAS - 85 - 105 ns 8,13 
.- --

tCAC ,\ccess Time from CAS - 25 - 30 ns 8,13 

tAA Access Time from Column Address - 45 - 55 ns 8,13 

tCPA Access Time from CAS Precharge - 50 - 60 ns 8 

tRAS RAS Pulse Hidth 85 10,000 105 10,000 ns 
tRASP RAS Pulse Width (Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

tCAS CAS Pul se IJid th 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tCIID c..l.S to HRITE Delay Time 55 - I 65 - ns 12 

tRli'D !L1.S to \,'RITE Delay Time 115 I 1/"0 1 
I 12 - I - ns 

t x ,,]) iCo1uEln Address to WRITE Delay Time 75 - 90 - ns 12 

tOEA iOE Access Time - 25 I - 30 ns 

tOED IOE to Data Delay 25 - 30i - ns 
,~ 

tOE:-' OE ComITIcmd Hold Time 25 - 30 - ns 

CAPAC IiANCr: (VCC=5V:t:10%, f=HlHz, Ta=O'" 70°C) 

SYrIBOL I PARA1'1ETER MIN. MAX. UNIT 

Cn I Input Capacitance (AO '" A9) - 5 pF 

C12 
, 

Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF ! 
Co I Output Capacitance (I/01'" 1/04) - 7 pF 
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TC514400J/z-ao, TC514400J/Z-l0 

NOTES: 

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

2. All voltages are rcfere~ccJ to VSS. 

3. leCl' 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 20011s is required o.ftter pmver-up follmved by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before R,\S initiali7.ation cycles instead of 8 10\S 
cycles are require~ 

6. AC me3surements assume tT=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured bet"een VII! and VIL' 

8. He3sured "ith a load equivalent to 2 TTL loads and lOOpF. 

9. tOl"F(max.) and tOEZ(max.) define the time at "hich the output achieves the open 
circuit condition and are not referenced to output volto.ge levels. 

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

11. These paro.meters are referenced to CAS leading edge in early "rite cycles and 
to I<RITE leading edge in read-modifY-',vrite cycles. 

12. tlfiCS' tRIVD' tCWD and tAWD are not restrictive operating parameters. Thev are in
cluded in the data sheet as electrical characteristic only. If t\lCS;:; twcs(min.) 
the cycle is an early "rite cycle and data out pin "ill remain open circuit 
(high impedance) through the entire cycle; If tRIm;; tRWD (min. ), tCIVD f; tClm (min.) 
and tAWD f; tAHD(min.), the cycle is a l"ead-modify-"rite cycle and data out "ill 
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 "ithin 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 "ithin 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' 



READ CYCLE 

"1H --

"iL-

WRITE CYCLE (EARLY WRITE) 

V 1!-1 
;':/',,--' 

TC514400J/Z-80, TC514488J/Z-l0 

.1 

Lp I 
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TC514480J/z-ao, TC514400J/Z-l0 

WRITE CYCLE (OE CONTROLLED WRITE) 

t S 

RAS VIH- tAR 

VIL-
tCSH 

CAS 
VIH_ 

VIL-

AO-A9 VIH-

VIL_ 

VIH_ 
WRITE 

VIL-

OE 
VIL-

VoI-VO 4 
VIH_ 

~: "R" or "L" 

READ-MODIFY-WRITE CYCLE 

VIH_ 
RAS 

VIL-

C'AS 
VIH-

vIL-

vIH_ 
AO-A9 

vIL_ 

VIL -

DE" V IH - ...,...r-r"""'r-r'1~-r7"rT"";""r-r'1-r-!""';"7'7I. 

V IL - ...L.<'-'-<'..L.I.J.J..J.J...L.L.L.L.<r.J...I.J..i..LJ.-LtJ..i.""9"_+-J 1---=-==-1 

VOI-V04 VVOH ------------+-~:v 
VI/OL -
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TC514400J/Z-80, TC514400J/Z-l0 

FAST PAGE MODE READ CYCLE 

~T _ • 
'.i.u-

VIH--~~~~~~~~--~==~W;t±~==~~J~~;t±t===------+~~~~~ 
VIL-- .............. ~I..L..o'.J 

o E VI H - ..,....,...,....,...,....,.77'"7"""1777777..,..,. .... 

VIL--~~~~~~~ ....... ~~--~~~~~~~--~Lf~L4.~~~~--~~~~~~ ....... ~~ 

I/Ol-I/04 

~: "H" or "L" 

FAST PAGE MODE WRITE CYCLE 

tRA."F tRF I 

:~:==~~~ ______ t_A_F ______ ·~: ________________________ ~l~I' 
tCRPi II tRSH. i ' . ~l' teAs ·17~ 

1'( ¥ 
! I tRAL ! I 

! I I 

V i H- 77'-"== .... 

WRITE 
VIH-

VIL-

0;; 
VIH-

VIL --
VIH __ 

I/o I-I/o 4 
VIL--
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TC514400J/z-ao, TC514400J/Z-l0 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

. ----, 
VIH -

vIL-

VIL -

tRCD 

~ 
tRAH 

~ I--
tASR tASC 

tRASP 

tCSH 

tpRM'W 

~ 

t 1\\ tCAS .,--" teAs 

H AS --r- I~ 1 

~iL 
tRSH 

L tCRP 

tCAS II! 
tRAIJ 

~ 1 VIH _ 

AO-A9 

"" , "~ '« 

@ROW~ ~ xg~ YI I I I I I I I I ~ ~gt Ij I I I I I llJA ~g~ Jjl I I I I I I I I I I I II 1111111 
I 
I;:: 

VIH_ 

VIL-
'1jjfjjjJ 

I~Ol VI/OH-

1/04 VI/OL-

tRAC 

tCLZ 

-, 
t m\'1J t CW1J tR~ r-' 

tc'wn tcWL tCWL 
tCWL 

tcWD 

tAWD , .. J tAWD 1\ F-{ tAWD 

~ tAA twp 

rt [A 

to A -
[~ tOED / ~£I tCPA tCPA 

tcAC tCAC ~ 
....;-

"'::::;'1 L 1 ~ tOEZ 
tOEZI ,I ~ tOEZ 

~ I tDS I I- tDS 

, I tDH tel_~ ~ ,~~ ~~~~"" 7>.ir:~ IN 

U'r-r i'----' 
OUT OUT 

I 

[ZZ): "Hit or "L If 
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TC514400J/Z-80, TC514400J/Z-10 

RAS ONLY REFRESH CYCLE 

~RC 

RAS 
vIH_ 

VIL_ 

CAS 
VIH_ 

V1L_ 

tASR tRAH 

V1H-
AO-A9 

VIL -

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

CAS BEFORE RAS REFRESH CYCLE 

tRP 

v1H_ 
RAS 

VIL- tRPC 

VIH-
CAS 

VIL-

VIR 
WRITE 

VIL-

1/01-1/04 VOH--------~)~-------------------------
VOL -- _______ ..J. 

OPEN 

Note: DE, AO"'A9"'''H'' or "L" ~: "B" or "L" 
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TC514400J/Z-80, TC514400J/Z-l0 

HIDDEN REFRESH CYCLE (READ) 

RA13 
VIH-

VIL_ 

tCRP tRSH tCRP 

tCHR 
CTI 

VIH-

VIL-

VIH-
AO-A9 

VIH-
WRITE 

VIL-

VIH-
OE 

Vn-

VOH-
1/01-1/04. ------------------~y VALID DATA-OUT 

VOL-

~: "H" or "L" 
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TC514400J1Z-80, TC514400J/Z-l0 

HIDDEN REFRESH CYCLE (WRITE) 

VlH __ 

VIH -
I 

AO~A9 ROW COLUMN 

'U- "r~~"l~~::wr'-'-'-'H'-l ~l n~~11 ~e~~ 
"'" ::: umffh I" ,.; 1m;; --vill!lIm/l/!//l////I!IIIJI///Z 

OE ::: ijjJ///!/I/lIIII!JII(lII!!fl/ 11/////1 II ////II 1liiI//! 111// 1/ /lIIII/JlJ// lilt 
I pj I tDH ~ 

I,/Ol~V04 ::: _/"""""im~m4~ID DATA-I:, ~r-n-rll1/;'7"7"77m"""""""!la,...,.-n/II/;""""""IIl/;"""""""//I/""""'-"'II!!T777WTTT71 //;7TT11;a'77TJw/~m 
1_ tDHR pi 

E221: "Hit or "L" 
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TC514400J/Z-80, TC514400J/Z-l0 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIR -----~ 
~--------------~~~--------------~j 

VIL -

VIH -~TT,~~~7r~Tr~~~J~~1:~~~r~Tr,~~~~~~~7r~," 
V I L -- .L.J-J..J-W-<..J...I..-'-'-f-"-'-'-'..L.I..-"-,-'-'-':...L.J..LJ 1'=------,-:----~ '-"--'-'-'-'-'-'-..w..~W-/..,........~~ ................ "-'-'-'-'-

READ CYCLE 

VIH -~~~-~~~~~~~J;~+===~==~------+~-+~~--,;n 
VIL -

1/01-1/04 

WRITE CYCLE 
tcWL 

LWCE 

I I I 

W/!1l11l!7II!J/// /////2!!/ ////!///J/III!/////I1I11!1/IIIJ1/J/ ///1/;; 
I t D t DR 

VIR _ I 

OPEN 

READ-MODIFY-WRITE CYCLE 

r 
l1/OI-1/04 VI/OH-----------------{V 

VI/OL-

[?Z2) "H" or "L" VALID DATA-OUT 
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TC514400J/Z-aO, TC514400J/Z-l0 

TEST MODE IN CYCLE 

tFP 

VIH -

RAS 
VIL -

V1H - t'cHF 

CAS 

VIL-

VOH -
OPEN 

VOL-___ ~ 

OE, AO 0 0 A9: "H" or "L" ~: "Hit or "L" 
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TC514400J/Z-80, TC514400J/Z-l0 

TEST ~lODE 

The TC514400J/Z is the RAN organized 1,048,576 Hords by 4 bits, it is internally 

org,'nizeJ 524,283 v'01'(13 by 8 bits. In "Test ~loJe", (~ata <lre Hritten into 8 sectors 

in ;)ar:1l1cl an(~ rc'trievec the ScllJe way. Aoc lc: not used. If, UrDU re.l<c'i.lg, tHo bits 

01:. one I/O rin Clrz~' C'(IllclJ (;1]1 "]"S or "OilS), t~,0 I/O ri.n jndi~::..tes <1 fll". 

If t hey were not equal, the I/o pin Hould indicate a "0". Fig. 1 shm,s t he block 

diagram of TC514400.1/Z. In "Test Hode", the 1;·1 x 4 DRAN can be tested as if it 

"ere a 512K x 4 DRM1. 

"ITRITE, CAS Before RAS- Cycle (Test clode in Cycle)" sho= in Page 14 puts the 

device into "Test ~Iode". And "CAS Before RAs Refresh Cycle" or "R,\S Only Refresh 

Cycle" puts it back into ":-Jormal Hode". The "Test ~lode" function reduces test 

times (1/2 in case of N test pattern). 
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TC514400J/z-ao, TC514400J/Z-l0 

BLOCK DIAGRNl IN TEST MODE 

:'.f ;f~ 

,-----

.01 '. r: 0 La c' ,: I=I_=B ==::::t~-\ 
~~, 
·-\.'JC 

Fig. 1 
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TC514400J/Z-aO, TC514400J/Z-l0 

. Plastic SOJ 

Unit in mm 

I 
1 7.0 2-1 7.27 

"26 25 2423 22 
~.:..:.~.:..:.,:::;, 

7 16 ~,!..,,....!2.l!, 

-
, 

INDEX DOT 

r ................. '-' ~ -
1 2 3 4 5 9 10 11 12 13 

0.41-0.50 .11, 1.27 TYP. 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is O.lSmm. 
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TC514400J/Z-80, TC514400J/Z-l0 

• Plastic ZIP 
Unit in mm 

~ ,c 3MAZ. 

lNDEX DOT 

I 

10 12 14 ~5 18 20 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TC514400J/z-ao, TC514400J/Z-l0 
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TOSHIBAMOS MEMOR:Y .PRODU.CIS 
TC514402J/Z-80, TC514402J/Z-l0 

DESCRIPTION 

The TC5l4402J/Z is the new generation dynamic RA}1 organized 1,048,576 words by 4 
bits. The TC5l4402J/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. Hultiplexed address inputs permit the TC5l4402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 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 sin1ge power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 

FEATURES 

1,04S,576 word by 4 bit organization 
• Fast access time and cycle time 

Te 5IH02,L Z-80/-IO 

tRAclRAS Access Time SOns lOOns 
t I Column Address 

A.t>, I Access Time 40ns SOns 

tCAe CS Access Time 20ns 25ns 
tRC ' Cycle Time l50ns l80ns 

i Static Column 
45ns 55ns tsc I :>lode Cycle Time 

• Slng1e power supply of 5V±10% wlth a 
built-in VEE generator 

PHI CO~!~IECTION (TOP VIm) 

Plastic SOJ Plastic ZIP 

!,. 01 I 26 \"ss 5E fJ [:) 
1,02 

., 23 I ()~ 1/03 ~J CS 

WRITE 2-1 L 03 Vss =~ C=t 1.'0,\ 

RAS 
Q..J C:O Val 1 23 cs 1,/02 ~J 

A9 22 ()E 
RAS ~J 

[8 wmTE 

AO I)] l"fo A9 
AO 18 .l.~ [l~ Al 
Al III 17 .-\.7 ,\ ') (~ [(1 A3 
A2 11 16 .~6 Vce f5! -" [}§ ,\4 
A3 12 15 .\5 AS ll} 

VCl' 13 14 .\~ A7 C~ G=S A6 

~- A8 

PIN ~1At·1ES 

AO '\, A9 Address Inputs 
RAS Row Address Strobe 
CS Chip Select 
WRITE ReadNrite Input 
OE Output Enable 

1/01 '\, 1/04 Data Input/Output 
Vec Power (+5V) 
VSS Ground 

AO 
Al 

A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

Low Power 
57SmH ~W:. Operating (T':514402J /Z-80) 
495m\-l ~,. Operating (TC5l4402J/Z-lO) 
S.SmH MAX,. Standby 

• Outputs unlatched at cycle end allows 
ttm-dimensional chip selection 

Read-Modify-lJrite, CS before P",\$ refresh, 
RAS-only refresh, Hidden refresh and 
Static Column Mode capability 

All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 

• Package Plastic SOJ: TCS14402J 
Plastic ZIP: TCS14402Z 

BLOCK DIAGRAM 

eOLU~IN 

10 DECODER 

ARRAY 
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TC514402J/Z-80, TC514402J/Z-l0 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 
Input Voltage VIN -1 'V 7 V 1 
Output Voltage VOUT -1 'V 7 V 1 
Power Supply Voltage VCC -1 'V 7 V 1 
Operating Temperature TOPR O'V 70 °c 1 
Storage Temperature TSTG -55 'V 150 °c 1 
Soldering Temperature· Time TSOLDER 260 . 10 o C • sec 1 
Power Dissipation PD 600 m\,] 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOt·i~·1ENDED DC OPERATING COtWITIONS (Ta=O'V 70°C) 

SY:lBOL PARAHETER HI" . TYP. NAZ .. UNITS NOTES 
Vce Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CH,1\RACTERISTICS (VCC=5V±10%, Ta=O'V 70°C) 
SYHBOL PAR.A}IETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC514402J - 105 
ICCI Average Pmver Supply Operating Current /Z-80 

rnA 3,4 
(RAS, es, Address Cycling: tRC=tRC MIN.) TC514402J - 90 Z-10 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 
(RAS=CS=VIH) 

RAS ONLY REFRESH CURRENT TC511402J - 105 -- /Z-80 
ICC3 Average Power Supply Current, RAS Only Mode rnA. 3 

(RAS Cycling, CS=VIH: tRC=tRC :--lIN.) TC514402J - 90 /Z-10 

STATIC COLUl1N HODE CURRENT rC514402J - 65 
ICC4 Average Power Supply Current, Static Column Mode /Z-80 

rnA. 3,4 
TC514 402J 

(RAS=CS=VIL' Address Cycling: tSC=tsc MIN.) /Z-10 - 55 

STANDBY CURRENT 

ICCS Pmver Supply Standby Current - 1 rnA. 
. \RAS=CS=V ceO. 2V) 
CS BEFORE RAS REFRESH Cl'RRENT re51 H02J - 105 

ICC6 Average Power Supply Current, CS Before RAS Mode /Z-80 
TCo 1440 2J rnA. 3 

(RAS, es Cycling: tRC=tRC i'lIN.) /Z-lO - 90 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 )lA 

(OV; VIN; 6.5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 )lA (DOUT is disabled, OV ~ VO UT ; S. SV) 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5rnA.) 2.4 - V 

OUTPUT LEVEL 
VOL Output ilL" Level Voltage (IOUT=4.2rnA.) - 0.4 V 
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TC514402JIZ-aO, TC514402JIZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC;5V±10%, Ta=0'U70°C)(Notes 5,6,7) 

SY'lBOL I 
TC5l4402J/Z TC5l4402J/Z I 

PARA}lETER -80 -10 i UNIT NOTES 
I ~lIN • ~IA.X • MIN. MAX. I 

ti~C 'Random Read or \'rite Cycle Time 150 - 180, - I 
ns 

tR:l1: Read-clodify-Hri te Cycle Time 205 - 245, - i ns 

tsc !Static Column ~lode Cycle Time 45 - 551 - ns 

tSR:IV 
IStatic Column "lode Read-Hodify-Hrite 

135
1 

i 
Cycle Time 110 - - ns 

tR..'.C iAccess Time from RAS - 80 - 100 ns 8,13 
I--~ -~, ~~--- ---~-. - -"-

- I tCAC I,'.ccess Time from cs - 20 25 ns 8,13 

t;>A !Access Time from Column Address - 40 - I 50 ns 8,14 
r------~ t.-\.L'.i Access Time from Last Hrite - 75 - 95 ns 8,15 

tCLZ CAS to Output in Low-2 0 - 0 - ns 8 

tOF!' Output Buffer Turn-off Delay 0 20 0 20 ns 9 

tAOH 
Output Data Hold Time from Column 5 I - 5 - ns 
.'.ddress i 

, 

tm: Output Data Enable Time from ,mITE - 20 - 30 ns 
t~ [Transition Time (Rise and Fall) 3 

, 
50 3 50 7 " ns 

tRP IR..'.S Precharge Time 60 - 70 - ns 

~- IR..\S Pulse Hidth 80 10,000 1001 10,000 ns 
t RASC 1R..'.s Pulse Hidth (Static Column Mode) 80 200,000 100i200,000 ns 
t RSH 1R..'.s Hold Time 20 - 25 1 - ns 

tcsa Ics Hold Time 80 I - 100
1 

- ns 

tcs cs Pulse Ihdth 20 10,000 25 10,000 ns 

tcsc CS Pulse IHdth (Static Column Hade) 20 200,000 25!200,000 ns 
t RCD i ?"AS to CS Delay Time 20 I 60 25! 75 ns 13 
L R.-\D I R..'.S to Column Address Delay Time 15 40 20, 50 ns 

tCRP ICS to RAS Precharge Time I 5 - loi - ns 
---

tcp lCS Precharge Time 10 I - 10 - ns 

t~\SR Ro", Address Set-Up Time 0 - 0 - ns 

tRAB [Ro", Address Hold Time 10 - 151 - ns 

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

tCAH Column Address Hold Time 15 - 20 - ns 

tAIJR 
Hrite Address Hold Time referenced to 
RAS 60 - 75 - ns 

Column Address Hold Time referenced to 
tAR RAS 95 - 115 - ns 

tRAL Column Address to RAS Lead Time 40 - 50 - ns 
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TC514400J/Z-80, TC514400J/Z-l0 

ELECTRICAL CHARACTERISTICS MID RECO~1t1ENDED AC OPERATING CONDITIONS (Continued) 

TC5l4402J/Z TC5l4402J/Z 
Sy}lBOL P ARAl'IETER -80 -10 UNITS NOTES 

MIN. MAX. MIN. MAX. 

tAR Column Address Eold Time referenced to 
5 10 16 RAS Rise - - ns 

tU1AD Last Hrite to Column Address Delay Time 20 35 25 45 ns 15 

tARLH iLast Hrite to Column Address Hold Time 75 - 95 - ns 

tRCS !Read Command Set-Up Time 0 - 0 - ns 
t RCH IRead Command Hold Time 0 - 0 - ns 10 
tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 10 

tHCH Hrite Command Hold Time 15 - 20 - ns 

t lVCR 
Hrite Commadn Hold Time referenced to 
R.-'iS 60 - 75 - ns 

t HP Hrite Command Pulse Width 15 - 20 - ns 

tl;TI HRITE Inactive Time 10 - 10 - ns 
tRlJL Hrite Command to RAS Lead Time 20 - 25 - ns 

taJL Ihite Command to CS Lead Time 20 - 25 - ns 
tDS IData Set-Up Time 0 - 0 - ns 11 
tDH Data Hold Time 15 - 20 - ns 11 

tDHR Data Hold Time referenced to RAS 60 - 75 - ns 
tREF Refresh Period - 16 - 16 ms 

tl~CS Hrite Command Set-Up Time 0 - 0 - ns 12 

tam CS to HRITE Delay Time 50 - 65 - ns 12 
tRIm RAS to HRITE Delay Time 110 - 135 - ns 12 
tAHD Column Address to lffiITE Delay Time 70 - 85 - ns 12 

tCSR CS Set-Up Time (CS before ~ Cycle) 10 - 10 - ns 

tCHR CAS Hold Time (CS before RAS Cycle) 30 - 30 - ns 
tRPC RAE to CS Precharge Time 0 - 0 - ns 

tCPT CS Precharge Time 40 - 50 - ns 
(CS before RAS Counter Test Cycle) 

tROH RAS Hold Time referenced to OE 10 - 20 - ns 

tOEA OE Access Time - 20 - 25 ns 

tOED OE to Data Delay 20 - 25 - ns 

tOEZ Output Buffer Turn Off Delay Time from OE 0 20 0 20 ns 9 

tOEH OE Command Hold Time 20 - 25 - ns 
tHTS Hrite Command Set-Up Time(Test Mode In) 10 - 10 - ns 

tWTH lvrite Command Hold Time (Test Mode In) 10 - 10 - ns 

t~lRP 
lVRITE to RAS Pre charge Time 10 10 -(CS beforeRAS Cycle) - ns 

tWRH 
I,IRITE to RAS Hold Time 10 - 10 - ns 
(CS before RAS Cycle) 
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TC514402J/Z-80, TC514402J/Z-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
(VCC=5V±lO%, Ta=O'U 70°C) (Notes 5, 6, 7) 

TC514402J/Z TC514402J/Z 
SYNBOL PARAHETER -80 -10 UNIT NOTES 

rlIN. ~1AX. NIN. ~X. 

tRC Random Read or \hite Cycle Time 155 - 185 - ns 

tR}ll~ Read-Modify-\,Jrite Cycle Time 210 - 250 - ns 
--------- --

tsc Static Column tlode Cycle Time 50 - 60 - ns 
--

Static Column Hade Read-Modiry-Write 
t SR~!\{ Cycle Time 115 - 140 - ns 

--
tRc\C Acce,s Time from RAS - 85 - 105 ns 8,13 
--- --~--

tCAC Access Time from CS - 25 - 30 ns 8,13 

tM Access Time from Column Address - 45 - 55 ns 8,14 

tALlj Access Time from Last \';rite - 80 - 100 ns 8,15 

tO\, Output Data Enable Time from \\TRITE - 25 - 35 ns 

tRAS RAS Pulse Width 8 10,000 10 10,000 ns 

tRASC RAS Pulse IHdth (Static Column Hode) 8 200,000 10 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CS Hold Time 85 - 105 - ns 

tcs CS Pulse lhdth 25 10,000 30 10,000 ns 
c-----
tcsc CS Pulse l.Jidth (Static Column Mode) 25 200,000 30 200,000 ns 

tRAL Column Address RAS Lead Time 45 I 55 
I 

I to - I - ns 

tCIID I I 70 
, 

12 CS to I,]RITE Delay Time 55 - - ns , 
tRWD RAS to h'RITE Delay Time 115 -

1140 I 
- ns 12 

tAHD Column Address to \\TRITE Delay Time 75 - 90 - ns 12 

tOEA OE Access Time - 25 - I 30 ns 

tOED OE to Data Delay 25 - 30 - ns 

tOEH OE COfl'mar.d Hold Time 25 - 30 - ns 
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TC514402J/Z-80, TC514402J/Z-l0 

CAPACITANCE (Vcc=SV+IO%, f=lMRz, Ta=O'O 70 C C) -

SYMBOL PARA'IETER mN. MAX. UNIT 
CIl Input Capacitance (AO 'v A9) - 5 

C12 Input Capacitance (RAS, CS, WRITE, on - 7 pF 

Co Input Output Capacitance (I/Ol'OI/04) - 7 

NOTES: 

1. Stresses greater than those listed under "Absolute Haximum 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. I CCl , ICC4 depend on output loading. Specificied 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 8 RAS 
cycles are required. 

6. AC measurements assume tT=Sns. 

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

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

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

10. Either tReH 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 le8ding edge in Read-~lodify-\{rite cycles. 

12. t\-iCS. tRvm, tC\,D and tAWD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t\.JCSE;;tWCS(min.), 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If tR\m~tRHD(min.), tCWD;;;tom(min.) and 
tNJDE;;tAlm(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 indeterminate. 

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 tLl~AD(max.) limit insures that tALW(max.) can be met. 
tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the 
specified tLHAD(max.) limit, then access time is controlled exclusively by tAA' 

16. tAll is the condition to latch column address when RAS has rised up. 
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TC514482J/Z-80, TC514482J/Z-l0 

READ CYCLE RC 

AO-A9 

VIH -

\ilL -

V1H -

V1L -

tCRP 
~. 

tReD 

--.J taw 

~ ItR~ 
ROW ~ 

ADDRESS 

I tRcs , 

:::: ='IJJ//$//1(I1IlJ i: 
VIll -

tRAS 

t eSH 

I 
I 

1\ \ 

tAse 

I 

t RP 

1\ 
t CRP 

tRSH 

tcs 

tAR I 

tl1AL i .. 1 tAH .. I 
COLnlN ADDRESS WIIIIIIIIII/ 

t R.I1H I. tRCH 
':-~~·I I ~$////JJ!ft/!/I 

V IL -J..J...4J.-,-"-"-.J..l..J..I.~.u..J...J:..L.J..J...J...U....<..J,.J...J.~_-+-.L.t'-I..i-I...I.~.J..l..J..I.-,-"-"-.u..J...J:..L.J..J....t....t.J...I...I...I..J.. 

VOH -
1/01-1/04 ---- OPEN -+---<11 VALID DATA-OUT 

VOL - tCLZ 

E2Z]: "Htf or "L" 
"RITE CYCLE (EARLY WRITE) 

V III - ----,i. t Awn 
r--------'-'--"---------< 

I :. tRP :! 
VIL -

tesH tCRP 

tRCD t RSH 

V 1H --~=~====;~_t:~IIj~~------
VIL -

VIR -
AO-A9 

v,,_ I §I 'w~ 
:~ -1!!!!/I1I! !fm= :~~~: f;//II/@!I/J/J//I$ll/lIft/l1i 

:;: _W/ //II///I//II/J/J/I ///11 /1l1li !l//IIJ//J1J/! 1// /I //IJI/I/ /1/11 III!t 

V1H-
I/OI-V04 ---,....-~ Ir---- OPEN ------

V 1L - 1"--_----; 
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TC514402J/Z-80, TC514402J/Z-l0 

HRITE CYCLE (aE CONTROLLED HRITE) 
tru: 

I~ 
vIH ------""-

\~-------------------
t fL\S 

VIL --

l/OI-I/04 

~: "HI! or flL" 

READ-MODIFY-VlRITE CYCLE 

tRMW 

I ~ t RAS 

::: ==------~~~_~!_, _____________ t_R_\_L _______________ ~ 
,i tCSH 

I"" 

iCR~i I: tRCD I tRSH 
vIH ----~~~====~~'-----------~tc~'s~--------------~ 

vIL --

VIH -

vIL -- COLUM:'>.' ADDRESS 

I tewD _____ ~====~~=-===tR=~========~J~~~~~~~ VIH -- I 

VIL --

VIH __ ~7T~TC~7T~~~~~~~-~~~~~~----~~------------------
VIL--~~~~LW~~~~~~~~+-~ 

VI/OH --
I/O 1- I/O 4 ----------------;-----{V 

VVOL --
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TC514402J/Z-80, TC5'14482.I/Z~10 

STATIC COLmrn MODE READ CYCLE 

Ins 

AO-A9 

VIH ----,. tR.'l.SC 
~~------------------~~----------------~I 

YlL -

COLUMN 
ADDRESS 

tsc 

COL UMN 
ADDRESS 

Y 1 H - ---'-----~--,(. r--__ -+t-t....:C"'-S-"-C--' -1.<:"""---,-1--__ -'-'--.;..11:++-----
Va _ I tRRH 

\' II! - ...,..,,-rr.,.,,;...,-,...,..,..,r_r;"7T-~--_r_--++_---*rml_'+_---~__t_-*_rr:r_r;...,. 

\" 1 L - ....... J..J...j'-U..l..J..I..I...I.~J.J 

Y IH - ~r_T'1_._r.:,..,...,,..,..,...,...,..T"r"!...,..,;..,...,..r_T'1..,..,.. 

~L -~~~~~~~~~~~~_++-~~~'-U.~~~-~~~'-U..l..J..I..I...I.~~ 

YOH -
L 'OI-L D-I ----------...:...{V 

/ 
VALlD DATA 

E22l: "H" or "L" 
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TC514402J/Z-80, TC514402J/Z-l0 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

"IH -- -----,>1- t IL\s C 
~----------------~~--------------~~J 

"IL -- I~--___ ~ ______ ~ _____ ~ ___ ~ 
~ i;RAlj 

V III -- " ' , 

Va --

Y 1H ------~-=~H 
\. lL -- ~:.1~=~~:';j"-"-"-'-'F-ri---;p.."-,-q:..-----, 

~: "R" or "1" 

STATIC COLL,}!N MODE h'RITE CYCLE (EARLY HRITE) 

V1H ------1~ tlL\SC 
v 11 __ !'c,"-,_-._-_-_-_-_-_-_-_-.::_-_-_-_-_-.::_-_-_-_-_-_c:c_CC-_'--_'-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-.::_-_-_-_-_ 

t,\SR, l ,tRAH . 
~~ 

____ ====t:R:-W~~::tt~~ ., 
vIH --

vlL --
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STATIC COLUMN MODE READ-MODIFY-\~RITE CYCLE 

AO-A9 

VVOL -

t eLZ 
V.\L lD 
DA n 'OCT 

TC514402J/Z-80, TC514402J/Z-l0 

COLUMN ADDIU;SS 

VALID 
VAT.\ ·()LT DATA' IN 

B«] : "B" or "L" 
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TC514402J/Z-80, TC514402J/Z-l0 

STATIC COLUMN HODE READ/WRITE NIXED CYCLE 

:;:=~---------_/ 
i L tRCD tcp 

V [H tcsc 
CS 

vII, 

VJIJ - (,(JLU,ICi 
AO-A9 

V lJ, 
ADD1!ESS -

VIH -
WI(ITE 

VIL -

t A LIV 

Vm -
UC 

VIL -

VVOL - , I 
VALID VALID 
DATA-our DATA-IN 

I 

1- (mUTC) ( RE.\D) (HEAD) (WRITC) 
,It "'1- ""I 

e/~j] "Hit 0 r ttL" 
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TC514402J/Z-80, TC514402J/Z-l0 

RAS ONLY REFRESH CYCLE 

I-
tRe 

.. I 
tRP I 

'--
\IH t H.\S t: \ rr \ I L 

tl_'IU): ! 
~t 

\IH - ! \J rJ!, I: 
I 

t\SHI :trLIJI - -----,-----'---,..7\' I I n-rn-rT-rrrr-,...,-,-rr-rrrn-n-rrrr-rn-n-rrrrrn-. r-----\111 -/ 

\' I L - '-"-''---;''{ 1'---"'" ""_--'--'--'---'--'-'-'---'-~'_'--'--'-'-_I-.I..o,-"--,-..w..",-,-'-'-'-,--,-~ '-------
;-;ote: \<RITE, OE="H" or ilL" 

B//<]: "H" or lILI' 

CS BEFORE RAS REFRESH CYCLE 

IL\S 
\11l-~ 
'_ \ tHP{' : \ I L ,_. 

~ ________________ t_H_'\_S ______________ :I' 

1 111 -, 

\ I L -:..../ ---'--'-'--'--'-_...J 

\ IJH - --------)>-______________ _ 
10L ------'. 

UPEN 

Note: OE, AO '" J\9="H" or "L" 

~ UHf! or "L" 
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TC514402J/z-ao, TC514402J/Z-l0 

HIDDEN REFRESH CYCLE (READ) 

'r--- RP L RP 

t R.\5 .. V \1 t [lAS -f 1\ '\ 

VIH 

V 1L -

I 
I 

t\R 
, 

tReD I tRSH 

I 

, 
1-- .. .. 

:1 t CRP I I tRAD I ! tRAL t ClIH tCHP 
r-----: • . 

J II : h II I I' 

~1'ltHN!1 I, 
11.1 t_~! ' I II 

~ :l~ = !J!IX~~~~}@{ COLDIN ADOHESS tm /111111 1111 /1111111111111// /II! /IIJ//!/; 
ItHcs l .1.11 I LtHRH I 

VIII - I ~'/ 
V IL - r-------'--=-'-----; 

I tOFF 
I
I 

i tCLZ 
, tR\C r---: I toEZ 
i· I i ot 

'/OJ-I/O-l VOH- ________ fM' w,'-___________ }I,'--------v VALID DATA-OUT r 
VOL -

~: "HI! or "L" 
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TC514402J/Z·80, TC514402J/Z·l0 

HIDDEN REFRESH CYCLE (HRITE) 

V1H ----,. 

VIL -

t--~t-"C=HR,-----..., 11-. ~_t-,-c R=P~--..., 

V IH - -rrr-rrri/..,-'r.,-/ .,....,...,. 

v I L - w...J...w..J./.J... /1 ",I -,-' "'-'-"'f--++ __ --'l':J...J...J.-'-'-'...w...-'-'-J....W..J...J...I...J..I..J...w...'-'-'-I...W..J...J...I..-"-I....I....w...-'-'-'-'-'-~ 

1 I 

UE- ~:: = 1/@I//(lv//;V(l/ffi/lll/!@!jI@/////(!!§ftJ/!!/!/IJ/!_71/ 
I. I [ t DHR I 

t DS I I. t DH : 

L OI~L 0\ VIII --------<0·\LlD DAH-I'!1r-----
VIL - ~ -i-

UPE'! 

~ : "H" or "L" 
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TC514402J/Z-80, TC514402J/Z-l0 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 

CS 

AO-A9 

READ CYCLE 

WRITE 

OE 

1/01-1/04 

v IH -

vIL-

VUI- t CS 

V1L -
t fL\L 

VIH -
COLUMN ADDRESS 

V IL -
.w....;...1...I..1...1...I...LLL.J,-1-L.J...J....LU-L./...l-/....LWJ I I k\A 

VIH -

VIL -

VOH -
____ +_ OPEN 

VOL -

I tIlCS' f.- tc.\C 

WRITE CYCLE 

OE 

i 

~/OI-I/04 OPEN VALID DATA-IN 
VIH -

READ-MODIFY-WRITE CYCLE ~ 

I/Ol~I/04 

I 

VIH--·~~~~~rn~~~7T~~~~~ 

VIL-LLLU~~~~LU~~~~~~~~~+-~ 

VI/OH

VI/0L _--------------<V 

[2Li) : "Rn or "L If VALID DATA-OUT 
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TC514482J/Z .. 88, TC514482d/Z .. 18 

TEST ~10DE IN CYCLE 

VIH -
RAS 

vlL -

______ --,1- t ,w II:-" _t_RP ----l:Li 

1\[ i tRAS I ~-. -----"'=----j 
i I 

"IH -
CS 

I.. torn 

vIL -

'Ill 
WRITE tWfH 

'IL -

tOFF 

'OH- Y 
1/01-1 04 ____ ~i,,)-----------

VOL - _ 
()PE'l 

"ote; OE, AO 'C A9; "H" or "L" 
E22J: "HI! or "L" 
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TC514402J/z-ao, TC514402J/Z-l0 

TEST r~ODE 

The TCS14402J/Z is the RAJ! organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 

in parallel and retrieved the same way. AOC is not used. If, upon reading, two 

bits on one I/O pin are equal (all "l"s or "O"s), the I/O pin indicates a "I". 

If they were not equal, the I/O pin would indicated a "a". Fig. 1 shows the block 

diagram of TCSI4402J/Z. In "Test Mode", the 1M x 4 DRAJ! can be tested as if it were 

a Sl2K x 4 DRIu'1. 

"WRITE, CS Before RAS Cycle (Test Mode in Cycle)" shown in Page 16 puts the 

device into "Test Mode". And "cs Before RAS Refresh Cycle" or "RAS Only Refresh 

Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 

times (l/2 in case of N test pattern). 
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TC514402J/Z-88, TC514402J/Z-l0 

BLOCK DIAGRAM IN TEST MODE 

.\orma 1 

res t 

AOC 
...-----0 ...----o"b ~orma; 

AOC '- I 
51 ~K bl ock 1-:::==~-p~~ "'I r----L __ -.JI- ~ Te s t 

512K block 

AOC 
51~K block 

51~K block 

D-----<o~ 
~i'lOrmal 

L...----oAoC 

.--___ ~AC,oc 

Tes t 
0,-0-1 

L-----o~ No rma 1 

AOC 

.--___ --oAOC 

.----0'b '<0 rm a I 

51~K block ~==:::!-p~ ~ 
r-------1-------~~ ~ ~Test 

512K block Test 

D--°...--o-l 
~Normal 

'------<>Aoe 

AOC 

Norma I 

r-_\_O_C __ -t_5_1_2_K __ b_IO_C_kJr====~-P[>---o~ 

-\oc 
L-_______ 1-_5_1_2_K __ b_l_O_Ck~::::::+=~~D~---0~ 

~Normal 
L-------OA()C 

Fig. 1 
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TC514402J/z-ao, TC514402J/Z-l0 

• Plastic SOJ 

Unit in nun 

I 
1 7.02-17.27 

"26 25 242322 18 17 1615 14"] 

INDEX DOT 

1 2 3 4 5 9 10 11 12 13 

0.41-0.50 .11. 1.27 TYP. 

o 
ai 
I 
r
r-
oO 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is O.lSmm. 
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TC514402J/Z-80, TC514402J/Z-l0 

• Plastic ZIP 
Unit in mm 

I ~r-____ 2_6._3M_A,(_ .. _____ -i·1 

.11.OS±U.l 1.:; 7 TYP. 

l.2 7 TYP. 

2.5 HYP. 

1 3 5 11 13 15 17 19 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.lSmm. 

-A-285 -



TC514402J/Z-80, TC514402J/Z-l0 

-A-286 -



TOSHIBA MOS MEMORY PRODUCTS 
TC514410J/Z-80, TC514410J/Z-l0 

DE':TRIPTION 
The TC514410J/Z is the new generation dynamic RA}! organized 1,048,576 words by 4 

bits. The TC5l4410J/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 TC5l44l0J/Z to be pack
aged in a standard 26/20 pin plastic SOJ and 20 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 sup
ply of,5V:':IO% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 
1,048,576 word by 4 bit organization 

• Fast access time and cycle time 
TC51 HIOJ/Z-80/-IO 

tRAC RAS Access Time 80ns lOOns 

tAA Column Address 40ns 50ns 
Access Time 

tCAC CAS Access Time 20ns 25ns 
tRC Cycle Time 150ns 180ns 

tpc 
Fast Page Mode 

50ns 60ns Cycle Time 
• Slngle power supply of 5V±10% wlth a 

built-in VBB generator 

PIN CONNECTION 
Plastic SOJ 

IVI/IOJ I 26 
W2 :02 2 25 

WE" WRI TE ~3 24 
lU~ 4 0" 

A9 22 

(TOP VIEW) 

Plastic ZIP 

vss 
W.1/104 
'Y.VW3 
CAS 
OE 

HAS 

[} CAS 

[J W4/ro4 
[~fi WVIOl 
[} IVB/WRffE 
[l~ A9 

• Low Power 
S78ml.;' l'1AX. Operating (TC5144l0J/Z-80) 
495mH MAX. Operating (TC5144l0J/Z-10) 
5.5mlv MAX. Standby 

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

• Read-Modify-Hrite, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 

• Package Plastic SOJ: TC5l4410J 
Plastic ZIP: TC5l4410Z 

BLOCK DIAGRAM 
W2/I02 W4/I04 

WI/IOI W3/I03 

AO 9 

AI 10 
A:2 II 

18 _\8 
I. A7 
16 A6 

AO IJJ 
A2 l~J 

vee l~J 
A5 II] 
A 7 Ii] 

U? Al WB/WRITE • _t=::C:=======1 
[l} A3 r 

A3 -~ 

Vce 13 

PIN NAMES 
AO 'V A9 

RAS 
CAS 

HB/WRITE 

M 
t-TlIIOl'V 
H4/I04 

VCC 
VSS 

15 A5 

14 A4 

Address Inputs 
Row Address Strobe 

n"'6 A4 
[~8 A6 
[29 AS 

Column Address Strobe 
Write Per Bit/Read/ 
Hrite Input 

Output Enable 
Write Selection/ 

Data Input/Output 
Power (+5V) 
Ground 

AO t"I--r---;-;;"1 

Al 
A2 
A3 

A4 
A5 

A6 
A7 
AS 
A9v-~~~L-__ ~~~ 
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TC514410J/Z-80, TC51441 OJ/Z-l 0 

ABSOLUTE f1AXI~1U~1 RATINGS 
ITE~l SnJBOL RATING UNITS NOTES 

Input Voltage VIN -1 '07 V 1 
Output Vol tage VOUT -1007 V 1 

Power Supply Voltage VCC -1'07 V 1 

Operating Temperature TOPR 000 70 °c 1 t-::-:---- ------------
TSTG -55'0150 °c 1 Storage Temperature 

Soldering Temperature'Time TSOLDER 260'10 °C'sec 
-1-

Power Dissipation PD flOO mW 1 

Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=0'070°C) 

SYMBOL I PARA:-lETER MIN. TYP. MAX. UNITS NOTES 

VCC I Supply Vol tage 4.5 5.0 5.5 V 2 

~ __ --t~n~t High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VC c =5V±10%, Ta=0'070°C) 

SY~!BOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC514410J/Z·80 I - 105 
Average Power Supply Operating Current ! mA 
(R:l.S, CAS, Address Cycling: tRC=tRC MIN.) TC514410J/Z-l0: - 90 

f----+--'--__ -'-~'--''----'--=-::.--=-''-='==-:-~-=-------'-------r----l--+------l---1 
STANDBY CURRENT I 

ICC2 Power Supply Standby Current 2 rnA 
(RAS=CAS=VIH) 

f-----I--==-----='--------.----.- ---- . ------ --,-----+--1----+----1---1 
i PAS ONLY REFRESH CURRE,'rt TC514410J/Z.80 _ 105 I 
I Average Power Supply Cuaent, RAS Only ,·lode rnA I 3 
! (RAS Cycling. CAS=VIH: _t-'::C'~gc_r,jIN.) __ . ___ ---cf-T_C_5_1_44_1_0_J/_Z_.1_0+_-_+-_9_0+-__ . 

I FAST PAGE :-IODE CURRENT TC514410J/Z-80 - 70 
Ave rage Power Supply Current, .. {st l' ',~ Mode 
I (RAS=VIL , CAS, Addres; (,,,cling; tpC=L PC MIN.) TC514410J/Z-10 - 60 

I 

ICC5 

j STA~DBY CURRDT---'---

11 Pm"er _S.-'lPply Standby Current 
(R\S=C' ;'VCC-O. 2 V) 

I i 

r----+I C=A=S=--B-EFORE Pu\S REFRESH CURRENT_ 

1CC6 IAverage POH':.E_Supply Current, CAS Before 
I R\S Mode (RAS, CAS Cycling: tRC=tRC MIN.) 

r----t_ 
I r"PUT LEAKAGE CURRENT 

11(L) InDut Leakage Current, any input 

TC514410J/Z-80 

TC514410J/Z-10 

(OV.::Y1N,,:_6. 5 V, All Other Pins Not Under Tes t=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is dis~bled, OV~VOUT~5.5V 

OCTPUT LEVEL 
Output "R" Level Voltage (LOUT=-smA) 

OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2mA) 
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TC514410~/Z·80,TC514410d/Z·l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=0"v70°C) (Notes 5, 6, 7) 

TCSI4410J!Z TCS14410J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 

tR~M Read-Modify-Write Cycle Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMH Fast Page Mode Read-Modify-Write Cycle 
100 - 115 - ns Time 

tpAC Access Time from RAS - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 40 - 50 ns 8,14 

tCPA Access Time from CAS Pre charge - 45 - 55 ns 8 

tCLZ CAS to Output in Low-Z 0 - 0 - ns 8 

tOFF Output Buffer Turn-o ff Delay 0 20 0 20 ns 9 

tT Transition Time (Rise and Fa1l) 3 50 3 50 , ns 7 

tRP RAS Precharge Time 60 - 70 - ns 
tRAS RAS Pu1 se Width 80 10,000 100 10,000 ns 

tRAsp RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 

tRSH RAS Hold Time 20 - 25 - ns I 

tCSH CAS Hold Time 80 - 100 - , ns 
I 
I 

tCAS CAS Pulse Width 20 10,000 25 10,000 ns j 

tRCD RAS to CAS Delay Time 20 60 25 75 : ns 113 

tRAD I RAS to Column Address Delay Time 15 I 40 20 50 ns I" ~-+ 

t cRP CAS to RAS Pre charge Time 5 - 10 - ns 
tcp CAS Precharge Time 10 - 10 - ns 
t ASR ROl; Address Set-Up Time 0 - 0 - ns I 
tRAH ROI, Address Hold Time 10 - 15 - ns 
t ASC Column Add re ss Set-Up Time 0 - 0 - ns 
tCAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced to 60 75 RAS - - ns 

tRAL Column Address to RAS Lead Time 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - 0 - ns 
t RCH Read Command Hold Time 0 - 0 - ns 10 

tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 10 
t WCH Write Command Hold Time 15 - 20 - ns 
tWCR Write Command Hold Time referenced to RAS 60 - 75 - ns 
twp Write Command Pulse Width 15 - 20 - ns 
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TC514410J/z-ao, TC514410J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC514410J/2 TC514410J/2 

SYNBOL PARAMETER 1--__ -,.8_o_-+ __ -,1o __ -lUNITS NOTES 

NIN. MAX. MIN. MAX. 
ns tR\.JL \.Jrite Command to RAS Lead Time 25 

--~------------------4_---+----~----r----~--+---~ 
tC\.JL Write Command to CAS Lead Time 20 - 25 ns 

tDS I Data Set-Up Time 0 - 0 - ns 11 
~------------------------------~------+----_r----_r----1_----+_--__; 

tDH Data Hol_d_T __ im_e ______________ ~==~----------+_-l5---~----~~2~0~+_----_+~n~s~~l~l~~ 
~HR _i Data Hold Time referenc_e __ d __ to __ RA __ S ____________ 4-_6_0 __ +-_-__ _r--7-5--~-----1_-n--s-+-----1 

tREF IRefresh Period - 16 - 16 ms 
-------------------------------+----~----1_----+-----+-----T_--~ 

twcs Write Command Set-Up Time __________________ 0 ___ i---__ ~---0-+_-----I---n-s--+_l-2--~ 
tC\,'D ICAS to WRITE Delay Time 50 - 60 - ns 12 
~--- ------- -+----_r-- --/------+-----+------j 

tR\,1D iRAS to WRT'fE Delay Time no - 135 - I ns 12 
~: -------------------------+-----r-----i------j------+-----+------j 

tA\m iCo1umn Address to WRITE Delay T~im""e:=... _________ f__70 - 85 - ns 12 
tCSR CAS Set-Up Time (CAS before RAS Cycle) 10 - 10 - ns 

-------+-----+-----+-----1_----+-----+---__; 
~-"-I CA ~ Ho 1 d Time (CA§._b e f:.::o,-,r:.::e,---"RA=S,---"C",-y-=c-=l-=e.:.) ________ +-=-30-=---+ __ -__ -t---'3=-0=--+-_-__ --+---'n:c:s'--~--~ 

tRPC ,R.4S to CAS Pre charge Time 0 - 0 - ns 
f------- ------------+-----+-----I----~~--~----_+------j 

t CAS Precharge Time 40 
CPT (CAS before RAS Counter Test Cycle) 

50 ns 

tROH RAS Hold Time referenced to OE 10 20 ns 

tOEA OE Access Time - 20 25 ns 
i------~-----------------------------------------+-----+- -+----+-----+-----+_--~ 

tOED OE to Data Delay 20 - 25 ns 

20 ns tOE2 Output Buffer Turn Off Delay Time from OE 0 20 0 
---~------------+_--_+---~-~-~----+_---4 

tOEH 10E Command Hold Time 20 ! - 25 ns 

t\,'BS iWrite Per Bit Set-Up Time 0 - 0 ns 

t\,BH jWrite Per Bit Hold Time 10 - 10 ns 

tWDS IWrite Per Bit Selection Set-Up Time 0 - 0 ns 

tvJDH t.Jrite Per Bit Selection Hold Time 10 - 10 ns 

tHTS \.Jrite Command Set-Up Time (Test ['lode In) 10 - 10 ns 

ns tHTH Hrite Command Hold Time (Test Hade In) 10 - 10 
------+-----+-----+-----+-----I----~I------+ 

WRITE to RAS Precharge Time 
(CAS be fore RAS Cycle) 

twiITfE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

10 
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TC514418J/Z-80, TC514410J/Z-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
(VCC=5V±10%,Ta=0'V 70°C) (Notes 5, 6, 7) 

TC514410J/Z TC514410J/Z 
SYHBOL PARAMETER -80 -10 UNIT NOTES 

NIN. MA..1. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 
tPl1\.J Read-Modify-Write Cycle Time 210 - 250 - ns 
tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tPRl'I\.J 
Fast Page ~lode Read-Modify-Write Cycle 

105 120 Time - - ns 

tRAC Access Time from RAS - 85 - 105 ns 8,13 

tCAC Access Time from CAS - 25 - 30 ns 8,13 
tM Access Time from Column Address - 45 - 55 ns 8,14 
tCPA Access Time from CAS Precharge - 50 - 60 ns 8 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 85 200,000 105 200,000 ns 
t RSH RAS Hold Time 25 - 30 - ns 
tCSH CAS Hold Time 85 - 105 - ns 
t CAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tnlD CAS to WRITE Delay Time 55 - 65 - ns 12 
tR\ID RAS to \.JRITE Delay Time 115 - 140 - ns 12 
tAWD Column Address to WRITE Delay Time 75 - 90 - ns 12 
tOEA OE Access Time - 25 - 30 ns 
tOED OE to Data Delay 25 - 30 - ns 
tOEH OE Command Hold Time 25 - 30 - ns 

CAPACITANCE (VCC=5V±lO%, f=IMHz, Ta=0'V70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
Cn Input Capacitance (AO'" A9) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WE/WRITE, 5E) - 7 pF 

Co Input/Output Capacitance (WI/IOl'" W4/I04) - 7 pF 
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TC514410J/Z-80, TC514410J/Z-l0 

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 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=5 ns. 

7. VIH (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 100 pF. 

9. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the 
open circuit condition and are 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 (WB/) WRITE leading edge in read-modify-write cycles. 

12. tlVCS. tRWD' tCWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristic only. If twc~twcs 
(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 tA~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 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 insur'es 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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TC514410JIZ-80, TC514410d/Z-l0 

READ CYCLE 

V I H -- -rr:'"Tr-n-;'77"~~:;:';;i*=:L+-----"""':::::':::::f:±::f=::;"'rr;'77rr;i77rr;i77rr;'T/ 
V I L -- '-'-'-'-~,-,-w....w....'-'-'-'-' 

VIH --~777777rr~~~77~~rM~ 
OE 

I'lL --~~~LLLW~~~~LL~~~~~ __ -+ __ U¥LLLL~~~~~~~~LLLL~~ 

OPEC; VAL ID DATA-OUT 

tCLZ 
Note: DIN=OPEN lLLLl: "Hf! or "L" 

ERITE CYCLE (EARLY I,TRITE) 
tRC 

\" IH -- ~-rr"""""r\ .:.----... 

VIL--~w....~~~~~~~~-+ __ -+~ __ ~~LLLL~~~~LLLLLL~~~~LLLL~~ 

V 1H -- -rr'l77777-rr""'!"+-rr"77"l!:;;;+;:~::;::;::~~::;::;::;::;:;::;::;;.;:;:;:+rn-rrn"77':n-rrn-rr;'77"717"" 
VIL --~~~~~~~~~~~~w....w....~~~~~~~~~~~~~~~~w....'-'-'-'-~~ 

Wl/IOI-W4/I04 Vv IH -
IL--~~~~~~--~ 

Note: DOU1,=OPEN ~ "H" or "L" 
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TC514410J/Z-80, TC51441 OJ/Z-l 0 

WRITE CYCLE COE CONTROLLED WRITE) 

AO-A9 

Wl/IOI-W4/I04 

V IH _-----4 tAil. 
V I L _ \I----.....:.:.c:-=-------I 

V IH -77"r-r-rr-." -lo--'--'-"""" 

V lL - ;..L.J:...L..~J 1"='-=;:e..:'-;; 

tCSH 

\-!H - -r-rr"""""""''' .J,-'--'--..L rrr-r-r-TT,-,-,,,,,,,,,,,-I-;:;~=~;::;:;::;~77'77'rrr-rr-rrr-.,...,..,,...,..,,...,..,,...,..,...,.....,...,.. 
\ I L - -i-J..i..I--'-"-or..LJ ,....,~-Jf" ""-'-'-J..I-u..t....w.-'-f1';-:::=--=f!..u...'-'-'~.L.I...L...L-I..L./'...I..I..LLLL...I..L./'...I..I..L£...LL...U-

VIH-7777TT.r,r;777TTT.~77~----rF=~~~7Tr,r,~~7Tr-r-~77Trrr~~~rr~ 

V I L - .LL.u..u..u..u...l...i.4,LL.l...i.1...J 

V IH - ...,...,-,-rn" '}~~-.I r,"77'rr7-,-Jj::~==:::irrr,'77"7"77"""""''''''''''''''''''''''''''''''''''''''''r7"'7''''''''''''''''''''''''''''''' 
VIL - J...I...<"u'.i-j.J 1==~ \/..I....t..I...I.-'-'-"'! 1'"----4 "-'-1..L./:..LL.L...L-Ll../..LL/...t..J'...I..I.I...I..LI../."-LLL..L..I..LI.~ 

Note: DOUT=OPEN 
READ-HODIFY-WRITE CYCLE 

"H" or ilL" 

RAS 

CAS 

AO-A9 

VIH-

VIL-

VIH-

VIL-

VIH

VlL

tAR 

~I tRCD 

I 

V IH - -rrrr.,..,....,....,..,..,..,..,..,....,...,...,...-,..,-,..,~.:..-~ 

tRMW 

t RAS 

I 
i tCSH 

I tRSH 

t 

VIL-~.u...~wy~~LLLL...LL...~~~~~~--J 

tRP 

" l\-
! tCRP I 

...L. r---i 

Wl/IOl_W4/I04l~~:= 
VOH-
VOL- ----'------ 0 PEN DA~1~b~TI>------------------

fZZ2l "R" or "L" 
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TC514410J/Z-80, TC514410J/Z-10 

FAST PABE MODE READ CYCLE 

HAS 

(JE 

\ IH 

\ rL 

VIII 

VIL 't4..A 
, 

tOLe 

~: II: = ....,.iZr//~".,..",:...>.....,;/~//(.,.....,/~/-/ ~....J./ """""", \ '-I 
I ' , 

tHAI' 1 te,,!;, 04= . 
\\1 IOl-W4 ]lJcl V')H -----------<1' r,"'"'-,.."..,-". 

VOL -

Note; DI:\="ll" or "L" o : "H" or "1° 

FAST P,\GE l10DE \,JRITE CYCLE 

, ______ t~R~"~~~'P __________________________ ~ 

~~: =~t:.' ___ t_"_R ___ ~ _______________ ~ i~ 
- t ,t---------f ! "----

i pC' I I 
tCllP: I I tBSH : tRCD : '~ •• tCRP 

v, ~ :;:: , ! , , I,---,' ... _-,-i __ _ 

V:: =J! ~ __ :,t'"('-"Sc!!I!ClI\-,'t::,,·~1 =C,=,=S::. =::~_-t.:c,:",\",s_r\,~~1 
! ,t R\H: j i I : IIUL 'i 
I, It \s(' I t t('llo lAse: 1 tc.\H 

I ~ r---"- ~ '---! 
t ASH. i 

\"JIl- I 

YiL-

VlH---++---+=;~~TTi.,J.---!h=+~~""'I---~::t~~'777T7777T777"TT 
VIL -

WI/101-W4/104 VIH -
VIL --

Note: DOUT=OPEN "H" or "L" 
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TC514410J/Z-80. TC51441 OJ/Z-l 0 

FAST PAGE HaDE READ-HODIFY-HRITE CYCLE 

AO-A9 

VIH -

v IL -

tCSH 

t HASP 

f( 

V lH ---l---+.:;tT;=-J-l-+--+-llll=4W~--I::In:=t+-------
VIL-

EZZ3 "Hit or ilL" 
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TC5144,10.l'Z-80, TC5144l0J'Z-lD 

RAS ONLY REFRESH CYLCE 

t RC 

RAS VIH-

vIL -

Note: WB/HRITE, OE="H" or "L" ~: "R" or ilL" 

CAS BEFORE RAS REFRESH CYCLE 

tRC 

tRP r taP :J ::: =-1: tRPC 'I k----'-___ tRA_S -' ---( -,-

I I 
tCPN I' I 

r-=-'-'""j t CSR i t CHR 

::: =-'\CJ I f/I!I!l1 II II /I!/////J// //)I/b 
t=·H:~~ 

::: 7/1///!11 !II WJ/bi//;)/I!/ III II/II !II! II ///!I////IIIIJ///J// 
VOH 

Wl/IO l-W4/I04 
VOL 

_-----J) OPEN -----

Note: DIN' OE, AO'U A9="H" or "L" EZZJ: "H" or "L" 
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TC514410J/z-ao, TC514410J/Z-l0 

HIDDEN REFRESH CYCLE (READ) 

AO~A9 

V 111-

VIL --

VIH --~7TTrfr.~~rr~~ 

V1L --~~~~~~~~~T-~------------------~~~~~~~~~~~~~~ 

VOH 
Wl/IOl~W4/I04 

VOL 
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VALl D DATA - OUT ~I-----------------

f'.ZZL] : liB" or "L" 



TC514410J1Z-aO, TC514410J1Z-l0 

HIDDEN REFRESH CYCLE (i-lRITE) 

trw tRC 

V IH - --".. __ ---.:c:t AR'-'----1 t HAS 

VIL -

tCHR t eRP 
I----~. i 1------1 

i 

\'lH -
',' I '1'1.1/, 

ADD ADDRESS I ' I'I! 

'n - ~ ~H ~ij~J' I tWCH. """"" :~: =~ 'we }/J/////II !llll!1I 1JII1II!/!11/! II//IIIIJI//I!; 
II I 

AO-A9 

::: -7!11!///lI!Jb!!71~ !/!@!J//!)//lffl!l!!I/lZ7b7lll!l////!!III!llfI!/ 
tWDS It ,WDH t DS 

I ' 
VIH -/ I 

WI/I01-W4/I04 I 
VIL - " " 1<-, --_~ 'W..-1...J...l...J...l...J.U-J-J-.u...w...l...J...l...J.I...J...J..J..I...W...J..J..J...J...J..J...i..J..J..."-"-,-,-~ 

~1ASK / I' t DHR i 
DATA-IN - -I lZ2Z2J: "R" or ilL" 

Note: DOCT=OPEN 
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TC514410J/z-ao, TC51441 OJ/Z-l 0 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

I '''/W'''' 

VIH

VIL -

l OE 

VOH-
WVrOl-W4/I01 ----1-1-

VO L --

I,TRITE CYCLE 

VALl D DATA-OUT 

! I 
tCWL I-I 

I--t+------=-~=-----
V 1H -- -r7-n-~"'--++-I---"b-rr-r7-rrr-r7..,..,L,1 t e: . t we H , rr:~"""",;"",.-r-r.,...,...,..,...,..,...,...,. ,...,....,...,...,./ I 
vIL- ./ ~ I. /111/ 

I
I OE :: = 1/////1// /I //// II ///1////1 //// /;/;/;/1// ///1///I;/////I///Il!7I/// JIll/; 

II I ~ 1- tDH 

lWl/IOI-W4/I04 ~:: = -+ OPEN - VALID DATA-IO! 

READ-MODlFY-HRITE CYCLE I tAwD 

tewD 
VIH--r7-rr"J==it~~-rrr-n-n-~~~+===========~ 
vIL --

V lH -17"7Tr-rr-n-rn"Trr-rr-rrrn-rrr-rr-rrr-n";""'" 

vIL--~LL~LL~LLLU~LULLLU~LW~~-+-J 

WI/IOI_WVI04~V:: = 
__ VIH--

VIL----------------------

OPEN ---------~ 

OPEN 
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Te51441 IJJ/Z-80, Te51441 OJ/Z-l 0 
TEST MODE IN CYCLE 

VIH-

RAS 
VjL -

YIH-

CAS 
V!L-

V1H -
WB/WRlTE 

VIL -

VO H 

~F 
WI/ IOI-W4/I04 D VOL 

OPEN -------------

}iete: DIN' OE, AO -vA9: "R" or "L" ~: "Hit or "L" 
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TC514410J/z-ao, TC514410J/Z-l0 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC5l44l0J/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 RAScycles as initializa

tion 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 1024 times. 

® Check "1" out of 1024 bits at normal read mode, which was written at @. 

® Using the same column as @' read "1" out and write "0" in each cell perform

ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 1024 times. 

~ Check "0" out of 1024 bits at normal read mode, which was written at ®. 

® Perform the above CD to ~ to the complement data. 
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TC514410J/Z-80, TC514410J/Z-l0 
APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TCS14410J/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. The "gated CAS" 
feature allows the CAS clock to be externally activated as soon as the Row Address 
Role Time specification (tRAR) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB!)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(!WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/IOi) high with set-up and hold times referenced to 
the RAS negative transition. 
For those data bits of Wi(!IOi) that are kept low as RAS taIls the write operation 
is inhibited on the chip if WE(/WE) is high as RAS falls, the write-per-bit capa
bility does not work and the write operation is performed for all four data bits. 

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 satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are 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 logical low level, the output buffer are 
enabled. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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TC514410J/Z-80, TC51441 OJ/Z-l 0 

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

at each of the 1024 row address (AO ~ A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operatic'1, 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 TCS14410J/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 generations and the refresh address 
counter are enabled, and an internal refresh operation tekes place. After the 
refresh operation is performed, the refresh address counter is automatically in
cremented in preparation for the next CAS before RAS refresh operation. 

PAGE r10DE 
The "Page-Mode" feature of the TCSI44l0J/Z 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 momory 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 address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 
An optional feature of the TCSl~~lOJ/Z 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) 

I 

r~ 
• I 

\ j"!r--. Ir--. 

MEr-lORY CYCLE FEFRESH CYCLE REFRESH CYCLE 

I 
Wl/IOI,\-W4/I04 -OPEN VALID DATA-OUT 

I 

This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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TC514410J/Z-80, TC514410J/Z-l0 

TEST MODE 

The TC514410J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 

in parallel and retrieved the same way. Aoc is not used. If, upon reading, two bits 

on one I/O pin are equal (all "l"s or "O"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 

diagram of TC514410J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 

were a 512K x 4 DRAM. 

"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 14 puts the 

device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 

Cycle" put s it back in to "Normal Mode". The liTe st Mode" function reduces test 

times (1/2 in case of N test pattern). 
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TC514410J/z-ao, TC514410J/Z-l0 

BLOCK DIAGRAM IN TEST MODE 

:-lorma I 

Normal 

Aoe 
r-----~O 

,---0 "-0--, Norma I 

Aoe ~~ 
r---L __ J===:=;--t:1D=>-----o Tes t 

D~-----<O Te s t 
,o-j 

~---o~ Normal 

-----0 Aoe 
,------<0 AO e 

r-----{)~ Normal 
AOC 6~ 
r--L __ J====:=;-4=:}D=>-----o Te'S" t I 

Aoe 

D o~ 
~---o INorma I 

~ 
r-----OAOC 

r---O~Normal 
~==~~D=>-----o~ 

r---L----1 

'------L ___ j=;====I=~D>-----<OTe s t 

'----o~ 
Aoe 

Fig. 1 
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TC514410J/z-ao, TC51441 OJ/Z-l 0 

• Plastic ZIP Unit in mm 

1·r-___________ 2_6_.3_M_~_X_· ______________ ~·1 

1 \[)E\ 01'1' 

1.27 TYP. 
I I ~ .. 

l.~ 7 TYP. 

2.5 ~ TYP. 

9 11 13 15 17 19 

.j ~ I() 12 14 16 18 20 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.15rnm. 
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TC514410J/Z-80, TC51441 OJ/Z-l 0 

• Plastic SOJ 

Unit in rnrn 

17.02-17.27 

24 23 2 2 E!.u2!.!2~-

"o.aMIN. 

-0 
oi - I 
r--
r--

INDEX DOT cO 

)" 
.................... .............. .................. ~I~'--

1 2 3 4 5 9 10 11 12 13 

0.4 1 - 0.5 0 ,II. 1.27 TYP. 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is O.15rnrn. 
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TOSHIBA MOSMEMORY PRODUCTS 

HlBit (256K x 4) Field t,lemory 

n5EScRTPl' [ON I 

TC521000P/J 

PRELIMINARY 

The TC521000P/J is a CMOS IMbit Field Memory organized as 256K words by 4 bits, and 
features separate inputs/outputs, each equipped with an 8 bit serial shift register C32K 
words X 8 bit shift register x 4 bits), and also features high speed operation with a 
clock rate of 33MHz (serial cycle time: 30ns). The TC521000P/J is a high speed serial 
read/write memory with a random access capability per 8 words, and is suitable for use 
in field/frame memory in digital TV, VCR and other video spplications which require 
improvements in picture quality and enhancements in performance. The TC521000P/J is 
fabricated using TOSHIBA's CMOS silicon gate process technology as well as advanced 
circuitry to provide low power dissipation and wide operating margins. 

• High speed and low power 

Serial Access Time 20ns 
r----------- ------
Serial Read Cycle Time 30ns 
1---------------------
Serial Write Cycle-Time 30ns 

f---------------------------
Read, Write Cycle Time 190ns 

1---------------
Read-Modify-Write Cycle Time 240ns 
1-----------------
Read-Read-Write Cycle Time 480ns 

1-----------------~----
Operating Power 550mW Power Dissipation ----------

1l0mW Standby Power 

• Organization: 32K word x 8bit 
shift register x 4bit 

l£llL.CON N E C T IQill 
V('C 

AS 

11.9 

AIU 

All 

Al~ 

A13 

Al4 
CE 
RFSH 
NC 
NC 
SF 

RS 
D14 

DI3 
soc 
D04 

D03 

BE 

40-pin 600 mil DIP, 400 mil SOJ 

Single 5V power supply: 5V±10% 
On-chip 8bit shift registers 
Separate inputs and outputs 
Serial read/write, Read/Write, Read-Modify
Write, High Speed Read-Read-Write capability 
Random Access Capability per 8 word 
8ms/5l2 refresh cycles 

• On-chip refresh counter 
All inputs and outputs: TTL compatible 
Package: 40 pin 600mils wide standard 

plastic DIP 

IPIN NM1ESI 

SYMBOL NAME 

AO 'V Al4 Address Input 
-----==--- -- -- - - -"--

CE Chip Enable Input 

OE Output Enable Input 

\~E Write Enable Input 

HS Write Strobe Input 

RS Read Strobe Input 

CS Chip Select Input 

SIC Serial Input Clock Input· 

SOC Serial Output Clock Input 

DIl 'V DI4 Data Input 

DOl 'V D04 Data Output 

RFSH Refresh Control Input 

SF Special Function Input 

VCC Ground (5V) 

VSS Ground (OV) 

NC Non Connection 
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q:J 
.j:>. 

fBItOK DIAGRAf'lI 

SIC SOC 

D04 

D03 

DI4 tJ III r-- f Ih LLll.fIl DO 2 

DI3 • • DOl 

DI2 

DIl 

I ;~:~'I~I~I~I~I~I~I~I~ 
WL8 WL7 WL6 I WL5 WL4 WL3 WL2 WLI 

~c, 
A14 

ij" : ~ 
: "'l 
: gJ 
A9 

A8 i1---l 

AO fI-..I 

hll 

I 

.----, 

Y I;:; I 

saRn 
SIRn 

I-- -64___l 1--64 -I I-- -64-___l 1---64--1 

II CELL I /lCELL I /I CltLLI IIGltLL I 

Serial Output Register 
Serial Input Register 

RLn 
lVLn 

1---64~ ___l 

/lCELLI 

I:lli "' ~ OS 

WS 
1---64--1 I-- -64___l I-- -~~___l 

~ II I ~ 
WE 

RS 

/I CELL I /I G]!;LL I IICI!:LL I tt-TU SF 

Read Latch CDn •.•• 
lVrite Latch SAn ..•• 

IOSn ••. 

Column Decoder 
Sense Amplifier 
I/O Switch 

~ 
n 
U1 
N -= = = ~ 
~ 



--------"---------------------------, -"-~----

TC521000P/J 

[PIN NA~1ES AND FUNCTIONSI 

SYHBOL NAHE FUNCTION 

AO'"V AS Row Address Inputs Row Addresses 

A9'"V Al4 Column Address Inputs Column Addresses 

The Al4 is a column LSB address and is controlled 

internally by SF signal. 
" 

CE Chip Enable Input The falling edge of CE latches the AO'"V Al4 and CS. 

The read data is retained in Read Latch (RL), even 

if the CE goes high. 
--t- "-j---------"""" 

CS Chip Select Input The low CS forbid the memory cell access opera-

tion, but allows the refresh operation. 

(CE ONLY REFRESH) 
""- ---.------~ 

RS Read Strobe Input The RS controls the transfer operation to Output 

Shift Register from Read Latch (RL). 
t------ -----~ ----

SF Special Function The SF controls the column LSB A14 internally. 
-_.- ---.-,--.----"~-- - ----- -------~---.- t----- - "----"""--" . --,-------------

\.JS Write Strobe Input The WS controls the transfer operation to Write 

Latch (HL) from Input Shift Register. 
-- ----"--""--"----- --,-------" " "" 

HE Write Enable Input The WE controls the write operation into the 

memory cell. 
- .------"--"-,--,~ """""--r--"" 

OE Output Enable Input The OE enables the DOl 'c D04 output buffers. 
1-----" "------ ----" 

"RFSH Refresh Control Input The RFSH controls the auto refresh operation. 
t----""---- ,--------" ._-_ ... "-

SOC Serial Output Clock The SOC is a shift clock input to Output Shift 

Input Register. 
------- "-"-----" 

SIC Serial Input Clock The SIC is a shift clock input to Input Shift 

Input Register. 
._--,. ---------,------" 

DOl '"V D04 Data Outputs Serial Output Terminals. 
-----

DIl '"V DI4 Data Inputs Serial Input Terminals. 
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TC521000P/J 

ABSOLUTE MAXIMUM RATINGS (Note: 1) 

SYMBOL ITEM RATING UNITS NOTES 

VIN,VOUT Input' Output Voltage -1'U 7 V 2 

VCC Power Supply Voltage -1'U 7 V 2 
--

Topr Operating Temperature O'U 70 
, 
I °c 

-- -- --
Tstg °c Storage Temperature -55'U 150 

--- I------

Tsolder Soldering Temperature • T~_~ __ ~ __ 260 • 10 °C'sec 
-------~---r---~--

PD Power Dissipation 1 W 
------- ---I---

lOUT Short Circuit Output Current 50 mA 

RECOt~~1ENDED DC OPERATING CONDITIONS (Ta'=O'U 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

VCC Power Supply Voltage 4.5 5.0 5.5 V 2 
----,-.---~----~- 1--=------ ---r--:----- e--- ----. -2-

VIH Input High Voltage 2.4 - 6.5 V 

VIL 
--c------ 1------- ---.-~--- -----

Input Low Voltage -1.0 - 0.8 V 2 

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

SYMBOL L (10) 
MIN. : ,YP. MAX. UNITS NOTES 

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

PARAMETER 

ICCI OPERATING CURRENT _ 65 100 mA 3 4 

ICC2 

(CE, SIC, SOC Cycling: tc, tSIC, tsoc=rrdn.) d ' 
STANDBY CURRENT -------~---------. _-_~~~~~~~~~~~-_~~~~~:~-~~-~-_l-+-~--~---_++~-~-2~0~:-~~m_ A - _.--~--
(CE=OE=VIH, SIC=SOC=VIL) - 3 

t-----j-------''--------- ----- ----- --------
REFRESH CURRENT _ 50 100 D1A I 3 
(RfSH Cycling: tFC=tFC min.) _ _ _ ______ -----J--t----t----- _+-_--1 
INPUT LEAKAGE CURRENT (Except for SF 'n) 
(OV:'; VIN::' 6. 5V, All other pins not U!l0,:r test'=OV) 

t----+=I-=-=N=-P:-cUT=:- LEAKAGE CURRENT (~-:J; --P·Tr;l)t~l~ y)-".-----------_+--t--+--+--
1I2(L) -50 - 50 uA 

(OV:: VIN::' 6. 5V. All other pins not under test=OV) 
t-----t-----

OUTPUT LL:AKAGE CURRENT 
(OV::' VOUT:: VCC, Output is 

III (L) -10 10 1JA 

,-- - ------jr----I 

-10 
, 

I(:! )lA IO(L) 
disabled) 

t----j-------------------------------l--+-~_t_---_t-~_+--_l 

OUTPUT HIGH LEVEL VOLTAGE 
( IOUT=-2mA) 

OUTPUT LOW LEVEL VOLTAGE 

(IOUT=2mA) 

- 0, • CAPACITANCE (VCC=5V+lO% f=lMHz Ta=O'U 70°C) 

SYMBOL PARAMETER 

CIl Input Capacitance (AO'U A14) 

CI 2 
Input Capacitance 
(CE, CS, RS, WS, WE, OE, SF, RFSH, SIC, 

C13 Input Capacitance (DIl 'U DI4) 

Co Output Capacitance (DOl'U D04) 

- 8-6 ~ 

2.4 V 

0.4 V 

MIN. MAX. UNITS NOTES 

- 7 pF 

- 7 pF 
SOC) 

- 7 pF 

- 9 pF 



TC521000P/J 

AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VcC=5V±10%, Ta=O'" 70 D C) (Note: 5, 6, 7) 

SYMBOL PARAMETER MIN. MAX. 

tc Read, Write Cycle Time 190 

tRMW Read-Modify-Write Cycle Time (=8x tsoc, tSIC) 240 

tRRW Read-Read-Write Cycle Time (=16x tSOC) 480 

tCE CE Pulse Width 100 2,000 
tp CE Precharge Time 80 
tASC Address, CS Set-up Time 0 

tAHC Address, CS Hold Time 50 

tsoc Serial Output Cycle Time 30 
------

tso SOC Low Pulse Width 10 
tsop SOC High Pulse Width 10 

tSOA SOC Access Time 20 
tSOR SOC Output Data Hold Time 5 

tSIC Serial Input Cycle Time 30 

tSI SIC Low Pulse Width 10 
tSIP SIC High Pulse Width 10 

tRCS Read Command Set-up Time 0 

tRCH Read Command Hold Time 0 
tCRD CE-RS Delay Time 85 
tRS RS Pulse Width 20 
tRcp RS-CE Precharge Time 0 
tRSP RS Precharge Time 30 
tsos SOC-RS Set-up Time 0 
tsov SOC-RS Hold Time 15 

tRSL SIC-RS Lead Time 0 

tOE OE Pulse Width 30 
t OEP OE Precharge Time 30 

tOEA OE Access Time 25 

tOEZ OE Output Buffer Turn-off Delay Time 0 30 

tRWD RS-WE Delay Time 0 
tCWD CE-WE Delay Time (Read-Modify-Write Cycle) 90 
t WHC WE Hold Time 70 
twp WE Pulse Width 30 

tCWL WE-C"E Lead Time 40 
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UNITS NOTES 
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TC521000P/J 

(Continued) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

ns tSWE WS-W-r Set-up Time 20 
I------+~- -------------------------

tws WS Pulse Width 20 ns 

ns 

ns 

twsp WS Precharge Time 30 
~---_+------~--------------------_4--

tWIH WS Inhibit Time referenced to WE 50 
~---_+----- -------- --~-~-----+---f___---__+_---~--_I 

t,nHC WS Inhibit Time referenced to CE 100 ns 
~~----I~--------------------~------------~-------+----+-----I----I 

tSIV SIC-HS Set-up Time 5 
~----_+-- --------------------- -------- ---------------1__-------- ---- ---

ns 

tSIH SIC-HS Hold Time 10 ns 
I----------~~------------- ~ --~-----~~---------.-~.-. ----.-~-.--

tDS Data Input Set-up Time 5 ns 

Data Input Hold Time 5 ns 
~-----+-------------------------------------

tSFS SF-CE Set-up Time 0 ns 
---~ ----- ._--------------_.- ---- ---~.-.-------

tSFH SF-CE Hold Time ° ns 
--~--~- ----- ----------------- --------------~-----I---~~--+--~-+-~--~----I 

tCSL SF-CE Lead Time (Read-Read-Hrite Cycle) 50 ----- ------------------------------- ------ --------- ------~-------- -+----+-- ns 

tSSH SOC-SF Hold Time (Read-Read-Hrite Cycle) 20 
-----f--- - - -------- ----------- -----

ns 
-- - - f-------+----I 

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

tREF Refresh Period 
----- -----+---+------ic-------i 

8 ms 
-------f___---------------- --------------1-----_+----+--'-----__1---_1 

tFC Refresh Cycle Time 190 
I-------I~------------------------------ --r------- -------

ns 

tCFD CE Precharge-RFSH Delay Time 80 
--_~----+------=-------'-----------------_+_---- - --- -----_+_----1 

t FAP RFSH Pulse Width 100 2,000 

ns 

ns 

tFP RFSH Precharge Time 80 ns 

t FSC RFSH Precharge-CE Delay Time 80 ns 

Note 

(1) Stress greater than those listed under "Absolute maximum ratings" may cause perma
nent damage to the device. 

(2) All voltages are referenced to VSS. 

(3) ICCI and ICC2 depend on cycle time. These values are specified at the condition 
of minimum cycle time. 

(4) ICCI depends on output loading. Specified value is obtained with the output open. 

(5) An initial pause of 200~s is required after power up followed by 8 CE cycles be
fore proper device operation is achieved. In case of using auto refresh, a mini
mum of 8 RFSH cycle are required. 

(6) AC measurements assume 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) Output timings are measured with a load equivalent to 2 TTL load and 30pF. 
DOUT comparate level: VOH/VOL=2.0V/0.8V 

(9) tOEZ(max.) defines the time at which the output achieve the open state. 

(10) Typical values are at Ta=25°C and VCC=S.OV. 
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TC521000P/J 

I READ/SERIAL READ CYCLE I 

te 

CE 
VIR~ tOE 

Vu-

VIR-
es 

VIL-

VIH-
AD -AU 

VIL-

VIH-
SF 

VIL-

WE 
VIH-

Vu-

_ VIH-
RS 

VIL-

VIH -
soc 

Vu-

VIH-
DE 

VIL-

DOI-D04 
VOH-

VOL-

PREVIOUS DATA OUTPUT NEW DATA OUTPUT 

~ Don't Care 
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TC521000P/J 

I WRITE/SERIAL WRITE CYCLE! 

_ VIH-
CE 

vIL-

vIB-
CS 

VIL-

AO-AH 
vlH-

vll, -

SF 
VIH-

VIL _ 

t'!!JHC 

VIH -
WE 

VIL-

VIR -
WS 

VIL-

VIH -
SIC 

VIL -

VOH _ 

Dll-DI4 
VOL-

DATA INPUT DATA INPUT FOR NEXT CYCLE 

~ Don't Care 
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cs 

",'I' 

SIC 

DIl-DI4 

VHI

'v'lL-

VIH _ 

TC521000P/J 

VIL _____ ~~--~--------------------------------------_+----~------~------------

I.,"_,L 

[221 Don't Care 
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TC521000P/J 

IREAD-READ-WRITE CYCLEI 

VIH-
CE 

tCE 

VIL-

VIH-
OS 

VIH -
AO -AU 

VIL-

SF VIH -

VTJ,_ 

RS VIH-

VIL -

SOC 

OE 
VIH -

VIL-

DOI-D04 
VIH -

VIL-

VIH _ 
WE 

VIL _ 
tSWE 

VOH _ 

WS 
VOL -

VIH 
SIC 

VIL 

DIl-DI4 
vIH -

VIL -

1:221 Don't Care 
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TC521000P/J 

I CE ONLY REFRESHI 

tp 

~ 
tc 

VIB r·CE 
CE 

VIL 

tAce I tARO 
vIH 

cs 
VIL 

AO -A8 
VIH 
VIL 

WE, A9'V 14 •••••• Don't Care 

IRFSH AUTO REFRESH I 

vIH 
CE 

VIL tFC 

tCFD 
tF'SC 

RFSH 
VIH 

vIL 

WE, AO'V14 ••••••• Don't Care 

~ Don't Care 
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TC521000P/J 

/OPERATION INFORMATION I 
(1) READ/SERIAL READ CYCLE 

i) SERIAL READ CYCLE (Refer to Fig. 1, 2) 

OJ The read address is latched at the falling edge of CEo The 8 bit data read 

out are transferred to and latched into the read latch (RL). 

DO The data latched at the RL are transferred to serial output register (SOR) at 

the first rising edge of SOC after the RS goes low. 

W The 8 bit data transferred to the SOR are shifted and output sequentially 

synchronized with SOC from the first rising edge of SOC after the RS falls. 

Fig.l Block Diagram 

:>I SOR6 :>I SOR5 )f GOR4 
--" ;> 

H[g) If: 11 SER 1AL OUTPUT 

I RL6 / I RL5 I I RL4 I 
ft II II 

I 1086 I I 10S5 I I IOS4 J 
U U 11 

CD6 CD5 CD4 

SA6 SAb SA4 

m~ 32K 32K :32K 
CELL CELL CI'~LL 
ARRAY ARRAY ARRAY 

Fig.2 Timing Diagram 
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TC521009P/J 

(2) WRITE/SERIAL I'!RITE CYCLE (Refer to Fig. 3, 4) 

[J] The 8 bit input data are latched into the 8 bit serial input register (SIR) 
sequentially synchronized \,ith SIC. 

W The 8 bit input data latched into the SIR are transferred to the write latch 
(WL) at the falling edge of WS. 

[0 The write address is latched at the falling edge of CE, same as read opera
tion. Then the data stored in selected address to be written are read out 
and latched into the RL independent of this write operation, so the read data 
latched there can be read out through SOR by using RS and SOC (Read-Modify
Hrite). 

GJ The 8 bit input data latched into the \']L are written into the selected address 
location at the falling edge of WE. 

Fig.3 Block Diagram 

SERTAL TNPUT 

Fig.4 Timing Diagram 

[jJ 

U~J 

C ])6 

~'i;'-:::K 

C.F:LL 
ARRAY 

CTi.") 

SA!] 

I:EL1, 
Ah1\I\'i 

SIR4 

C'D4 

JA4 

~\::::',K 

(~ELL 

AREAY 

CE ~ 

""~ \L--I ___ _ 
AO - Al4 I///II/X WEI TE A Df>I~ Y////I!IIIJ/lI!///i71 /IJI/// /Iff////!/; 

~ 

SIO 

DIl-4 

"""""""""8 BIT DATA 
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TC521000P/J 

(3) READ-MODIFY-WRITE CYCLE 

This operation is to execute write just after read in one CE cycle. 

(4) READ-READ-WRITE CYCLE (Special operation) (Refer to Fig. 5, 6) 

By using SF signal, three operations - the read operation for consecutive two 

address (16 bit data output) and write operation into the different address 

from read (8 bit data input) - can be performed asynchronously in two CE cycles 

(480ns). In this operation, the read start address must be even. This operation 

capability allows the field double scan in order to improve the picture quality 

in TV applications. 

CD The read address (even) is latched at the falling edge of CE under the condition 

of SF=low. Then the 8 bit read out data are transferred to and latched into the 

RL. 

QD The 8 bit data latched into the RL are transferred to SOR by the RS, and then the 

data latched into the SOR are shifted and output from the first rising edge of 

SOC after the RS falls. 

CD Then when SF goes high, the LSB bit (AI4) of coulumn addresses is changed to "I" 

from "a" automatically, and the data in the next column address are transferred 

to and latched into the RL. 

~ When the CE goes high, only memory cell array its peripheral area except for the 

latch and serial registers are placed in a precharge state. Then the data latched 

into the RL and SOR are maintained there, so the WS and RS can be input. 

~ On the other hand, the 8 bit input data are latched into the SIR sequentially 

synchronized with the SIC and then transferred to and latched into the WL by 

the ].IS. 

OD The write address is latched at the falling edge of CE, and then the data stored 

in tllt~ l::ielecLeo audress is read out, but the data already latched inLo the RL 

are protected and retained there because of maintaining the SF "high". 

GJ The 8 bit data latched into the RL (in W) are transferred to and latched into 

the SOR by the RS. 

[ill The 8 bit data latched into the WL (in W) are written into the selected cell 

locations by the WE. 
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TC521000P/J 

Fig.5 Block Diagram 

C====~~~:J~========~~~~========~~~~J=~S;E;R~I>AL OUTPUT SOR6 SOR5 SOR4 

SERIAL INPUT 

OD6 

SA6 

32K 
CELL 
ARRAY 

Fig.6 Timing Diagram 

RF,AD 

8 

16 

CD5 

SA5 

32K 
CELL 
ARhAY 

CD4 

SA4 

32K 
CELL 
ARRAY 

AO-A14 0'0/;/))( READ ADDR X'Z'IIffi7;1/;)( WRITE ADDR ~ 

SF--........ U_'L_' _----Jt.--[ill----(~'H. L 
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TC521000P/J 

(5) REFRESH 

The TC521000P/J's refresh period is 8ms/5l2 cycles. 

The two types of refresh operation--CE only refresh and RFSH auto refresh-

are allowed. 

5-1: CE only refresh 

The refresh is accomplished by performing a C= cycle at each of the 512 

ow address (AO-A8) within each 8ms time interval. 

5-2: RFSH auto refresh 

The RFSH auto refresh is available on the TC52l000P/J. When the RFSH 

goes low under the condition of CE=high, the on-chip refresh control 

clock generator and refresh address counters are enabled. Then, the 

refresh is accomplished by applying 512 clocks to the RFSH input within 

an 8ms time interval. 
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IOUTLINE DRAHINGSI DIP40-P-600 

40 

5o.7±o.2 

1.22TYP 

21 

Z 
H 
;;; 

"' d 

TC521000P/J 

UnIt in mm 

'" d 
+1 

"' .. 

'" d 
+1 
'" to 

~
ttl 

dd +, 
ttl 
N 
d 

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

their longitudinal position with respect to No.1 and No.40 leads. 
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TC521000P/J 

o 400 mil SOJ package: 

---i-a-c::r u-G ----
zo 

--iolo.11 -JI~·43±O·'I+IO.'8MI 
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TOSHIBA MOS MEMORY PRODUCTS 
TC524256P/Z/ J-l 0, TC524256P/Z/ J-12 

DESCRIPTION 

The TC524256P/Z/J is a CMOS Hultiport memory equipped with a 262,144-word x 4 bit dynamic 
random access memory(RAM) port and a 5l~-wordx 4 bit static serial access memory(SAM) port. 
In addition to the conventional DRA}l operation modes, the TC52~256P/Z/J features a write
per-bit function on the RAM port; Bi-directional transfer capability between the DRAM mem
ory array and the SAN data register and a high speed serial read/write capability on the 
SAN port. The RAl1 port and the SA}! port can be accessed independently except when data is 
being transferred between them internally. The TC524256P/Z/J is fabricated using TOSHIBA's 
CMOS silicon gate process technology as well as advanced circuitry to provide low power 
dissipation and wide operating margin. Multiplexed address inputs and a common input/output 
organization allow the TC524256P/Z/J to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP and in a standard 32-pin 400-mil wide plastic SOJ. System ori
ented features include a single 5V±10% power supply operation and compatibility with high 
performance schottky TTL logic. 

FEATURES 

ITEM 

tRAC RAS Access Time (Max. ) 

tCAC CAS Access Time (Max. ) 
~---t RC Cycle Time (tlin. ) 

tpc Page Mode Cycle Time (Min.) 

tSCA Serial Access Time (Max. ) 

tscc Serial Cycle Time (Min. ) 

ICel P"}Ji 'Jperzting Current 
(SAN: Standby) 

ICC2A SAf1 Operating Current 
(RAM: Standby) 

IeC2 RA}!/SAM 
Standby Current 

TC524256P/Z/J 

-10 -12 

lOOns l20ns 

SOns 60ns 

190ns 220ns 

90ns 105ns 

25ns 35ns 

30ns 40ns 

70mA 60mA 

SOmA 45mA 

lOrnA 

PIN 

Organization 
RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 

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

• Read-Modify-Write, CAS before RAS refresh, 
Hidden refresh, Page mode, Hrite-Per-Bit, 
Read transfer, Write transfer, Serial 
read, Serial Write capability 

All inputs and outputs TTL compatible 
• 512 refresh cycle/8ms 

· Package 
TCS24256P: 0.4 inches 28 pins standard 

Plastic DIP 
TC524256Z: 0.4 inches 28 pins standard 

Plastic ZIP 
TC524256J: 0.4 inches 32 pins standard 

Plastic SOJ 

CONNECTI ONS (TOP VIEH) 

AO 'V A8 Address Inputs 
Plastic DIP Plastic ZIP Plastic SOJ PIN NA~1ES 

RAS Row Address Strobe 
CAS Column Address Strobe 

DT/OE Data Transfer/Output 
Enable 

W3/\vE Hrite Per Bit/Write 
Enable 

vll/IOl 'V W:/I04 \,rite Mask/Data IN, 
OUT 

SC Serial Clock 
SE Serial Enable 

~SI04 Serial Input Output 
Vec POvler (+5V) 
VS;, Ground 

VES N.C. ~~ r-2 W!YI03 N.C. 1 32 VS8 

SIOI SI04 W004 ' ~- SC 2 31 VSS 
5~ [~ SE 

S102 26 8I03 8I03 SIal 3 3J 8104 

i5f/DE BE VtlS ~H~ 
8104 

8103 25 

SIOI sc 1lE' Wl/!Ol 24 W4/!04 
W3/lal lW6E :~ :10 SI02 

W2/I02 6 23 1);: ~l~ Wl/lOl 
WB/WE 22 N.C. W2/I02 @ ~: WB/WE WZ/I02 2 I'B/Ial 

N.C. 21 CAS N.C. iB i.1_4 
BAS WB/WE 2 N.C. - J fl-6 

20 N.C. AB 171 ~:.- N.C. 9 2 CAS 
_J Ll_8 A6 

AS 19 AO A5 ~ r.- BAS 10 2 N.C. 
-, ,20 A4 

A6 18 Al Vce ;SlJ ~:2 A7 
AS 11 AO 

A5 12 17 A2 A3 ~~ ~ A6 12 Al 
A2 

A4 13 16 A3 Al A5 13 A2 .'2: f2"6 AO 
Vee 14 15 A7 N.C. ~! E~: CAS 

A4 14 1 A3 

Vee 15 1 A7 

N.C. No Connection VCC 16 1 N.C. 
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TC524256P/Z/J-l0, TC524256P/Z/J-12 

BLOCK DIAGRAN 
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TC52425&. Il/J .. ,l 0, TC52425&P III J·12 

ABSOLUTE MAXIMUM RATINGS 

SYHBOL !TEll RATING UNITS NOTES 

VIN, VOUT Input Output Voltage -1.0'\,7.0 V 1 

VCC Power Supply Voltage -1.0'\,7.0 V 1 
Topr Operating Temperature 0", 70 °c 1 

Tstg Storage Temperature -55'U 150 °c 1 

TSOLDER Soldering Temperature' Time 260· 10 °C'sec 1 
PD Power Dissipation 1 W 1 
lOUT Short Circuit Output Current 50 rnA 1 

REcm1MENDED DC OPERATING CONDITION (Ta=O'" 70°C) 

SYHBOL PARAHETER HIN. TYP. HAX. UNIT NDTES 

VCC Power Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O'U 70°e) 

SAH 
TC524256Pj TC524256P/ 

SYHBOL 1T81 (RAH Port) Z/J-IO Z/J-12 UNITS NOTES 
Port 

HAX. mN. HAX. MIN. 
ICCI OPERATING CURRENT Standby - 70 - 60 3,4 

(RAS, CAS 
rnA 3;"'4 ICCIA Cycling: t RC=tRC MIN.) Active - 110 - 100 

ICC2 STANDBY CURRENT Standby - 10 - 10 
ICC2A (RAS, CAS=VIH) 

rnA '"3,"4 Active - 50 - 4':-
ICC3 RAS ONLY REFRESH CURRENT Standby - 70 - 60 3 
ICC3A (RAS Cycling, CAS=VIH : HIN. ) rnA -

tRc=tRC Active - 110 - 100 3,4 
~-~-

ICC4 PAGE MODE CURRENT Standby - 60 - 50 ~~, 4 

ICC4A (RAS=V1L , CAS Cycling: 
- rnA ---

tpC=tpc MIN.) Active - 100 - 90 3,4 
ICC5 CAS BEFORE RAS REFRESH CURRENT Standby - 70 - 60 3 
ICC5A (CAS Before RAS Cycling: tRC=tRcHIN • ) 

rnA ---:--
Active - 110 - 100 3,4 

1CC6 DATA TRANSFER CURRENT Standby - 80 - 75 3 

ICC6A (RAS, CAS Cycling: 
rnA f----

tRC=tRC MIN.) Active - 130 - 120 3,4 

SYHBOL IT81 HIN. TYP. 11AX. UNITS iNOTES 

1I (L) 
INPUT LEAKAGE CURRENT 

-10 0 10 VA (OV::: VIN::: 6. 5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(Output is disabled, OV:: VOUT:: 5.5V) -10 0 10 \lA 

VOH 
OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SIOi IOUT=-2mA) 2.4 - - V ..... . 

VOL OUTPUT LOW LEVEL VOLTAGE 
0.4 (Wi/IOi I our+4.2rnA, SICi I our+2rnA) - - V ... . ..... 
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TC524256P/Z/ J-l 0, TC524256P/Z/ J-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±1O%, Ta=O'V 70°C) (NOTES 5, 6, 7) 

TC524256P/ TC524256P/ 
SYMBOL PARAMETER Z/J-lO Z/J-12 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 190 220 

tRWC Read-Write Cycle Time 250 290 
tpc Page Mode Cycle Time 90 105 

tpRWC Page Mode Read-Write Cycle Time 150 175 

tRAC Access Time from ill 100 120 
t CAC Access Time from CAS 50 60 
tOFF Output Buffer Turn-Off Delay 0 30 0 35 

tT Transition Time (Rise and Fall) 3 35 3 35 
tRP RAS Precharge Time 80 90 
t RAS RAS Pulse Width 100 10,000 120 10,000 

tRSH RAS Hold Time 50 60 

tCSH CAS Hold Time 100 120 

tCAS CAS Pulse Width 50 60 
tRCD RAS to CAS Delay Time 20 50 25 60 
t CRP CAS to RAS Precharge Time 10 10 
t CPN CAS Precharge Time 15 20 
tcp CAS Precharge Time (Page Mode) 30 35 
tASR Row Address Set-Up Time 0 0 

tRAH Row Address Hold Time 10 15 

tASC Column Address Set-Up Time 0 0 

tCAH Column Address Hold Time 20 25 
tAR Column Address. Hold Time ref erenced to RAS 70 85 

tRCS Read Connnand Set-Up Time 0 0 
t RCH Read Connnand Hold Time 0 0 

tRRH Read Connnand Hold Time referenced to RAS 10 10 
~ 

t WCH Write Connnand Hold Time 20 25 

tWCR Write Connnand Hold Time referenced to RAS 70 85 
twp Write Connnand Pulse Width 20 25 

tRWL Write Connnand to RAS Lead Time 30 35 
tCWL Write Connnand to CAS Lead Time 30 35 

tDS Data Set-Up Time 0 0 

tDH Data Hold Time 20 25 

tRASP RAS Pulse Width (Page Mode) 190 100,OOC 225 00,000 
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TC524256P III J-l 0, TC524256P III J-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 
: .. 

TC524256P/ TC524256P/ 
SYMBOL PARAMETER Z/J-lO Z/J-12 UNITS NOTES 

MIN. MAX. MIN. MAX. 

tDHR Data Hold Time referenced to RAS 70 85 
twcs 

f--
Write Command Set-Up Time 0 0 13 

tRwo [AS to WE Delay Time 125 150 
f--

13 
tcwo m to "WE Delay ,:rime 75 90 r-u-

f--t DZC Data to CAS Delay Time 0 0 
t DZO Data to OE Delay Time 

f--
0 0 

r-
tOEA Access Time from OE 25 30 

~ 

tOEZ Output Buffer Turn-Off Delay from OE 0 20 0 25 ns 10 
~ 

tOED OE to Data Input Delay Time 20 25 
'--

tOEH OE Command Hold Time 20 20 
-

tROH RAS Hold Time referenced to OE 20 20 -
tCSR CAS Set-Up Time for CAS Before RAS Cycle 10 10 -tCHR CAS Hold Time for CAS Before RAS Cycle 20 20 

-
tRPc RAS Precharge to CAS Active Time 0 0 

CAS Precharge Time for CAS Before RAS 
r-

tCPT Counter Test 40 50 

tREF Refresh Period 8 8 ms 
t WSR WB Set-Up Time 0 0 
t RWH ME Hold Time 

r-
IO 15 

t MS Write-Per-Bit Mask Data Set-Up Time 0 0 
c--

tMH Write-Per-Bit Mask Data Hold Time r-
IO 15 

'--
tTHS DT High Set-Up Time 0 0 
tTHH 

r-
DT High Hold Time 10 15 

tTLS 
I--

DT Low Set-Up Time 0 0 -
tTLH DT Low Hold Time 10 15 ns -DT Low Hold Time referenced to RAS 
tRTH (Real Time Read Transfer) 80 95 

-DT Low Hold Time referenced CAS 
tCTH 

to 30 35 
(Real Time Read Transfer) 

-
tESR SE Set-Up Time referenced to RAS 0 0 -
tREH SE Hold Time referenced to RAS 10 15 .--- -tTRD DT to RAS Delay Time (Read Transfer) 0 0 -
tRP DT Precharge Time 30 35 

-t RSD RAS to First SC Delay Time (Read Transfer) 100 120 
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TC524256P/Z/ J-l 0, TC524256P/Z/ J-12 

ELECTRICAL CHARACTERISTICS AND RECOMf-1ENDED AC OPERATING CONDITION 

TC524256P/ TC524256P/ 
SYMBOL PARAMETER Z/J-lO Z/J-12 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tCSD CAS to First SC Delay Time (Read Transf er) 50 60 
Last SC to DT Lead Time 

f---

tTSL (Real Time Read Transfer) 5 10 

tTSD DT to Frist SC Delay Time (Read Transfer) 
f---

15 20 
t SRS (Serial Input) 30 40 

r--
Last SC to RAS Set-Up Time 

First SC Delay Time (Serial Input) 
f---

tSRD RAS to 25 30 

tSDD 
f---

m to Serial Input Delay Time 50 60 
'--------

tSDZ 
Serial Output Buffer Trun-Off Delay Time 10 50 10 60 10 
~~S (Pseudo Write Transfer) 

'--------
tszs Serial Input to First SC Delay Time 0 0 

-
tscc SC Cycle Time 30 40 

'---
tsc SC Pulse Width (SC High Time) 10 15 -
tscp SC Precharge Time (SC Low Time) 10 15 ns 

-
tSCA Access Time from SC 25 35 9 -
tSOH Serial Output Hold Time from SC 5 5 

-
tSDS Serial Input Set-Up Time 0 0 

-
tSDH Serial Input Hold Time 20 30 

tSEA Access Time from SE 25 35 ~ 
-

tSE SE Pulse Width 25 35 
-

tSEP SE Precharge Time 25 35 
-

tSEZ Serial Output Buffer Turn-Off Delay from SE 0 20 0 30 10 
-

tSZE Serial Input to SE Delay Time 0 0 
-

tsws Serial Write Enable Set-Up Time 5 10 
-

tSEH Serial Write Enable Hold Time 15 20 
-

tSWIS Serial Write Disable Set-Up Time 5 10 r--=-=-I -~~e:ial Write Disable Hold Time 15 20 

CAPACITANCE (Vcc=5V±l0%, f=lMHz, Ta=O'" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO '" A8) - 8 
CI2 Input Capacitance (RAS, CAS, DT/OE., WB/WE, SC, SE) - 8 
CIOl Input/Output (Wl/IOl '" W4/I04) 

pF 
Capacitance - 19 

CI 02 Input/Output Capacitance (SIOl '" SI04) - 10 
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TC524256P III J-l 0, TC524256 Pili J-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. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. Power must be applied to the RAS and DT/OE input signals to pull them "high" before 
or at the same time as the VCC supply is turned on. After power-up, a pause of 200 
Mseconds minimum is required with RAS and DT/OE held "high." After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal circuitry, before valid read, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held "high." If the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

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. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 

9. SAM port outputs are measured with a load equivalentto 2 TIL loads and 30pF. DOUT 
comparator level: VOH/VOL =2.0V/O.8V. 

10. tOFF (max.), tOEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

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

12. These parameters are referenced to CAS leading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

13. twcs, tRWD and tCWD 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.) and tCWD ~ tCWD (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. 

14. 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. 
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DEVICE INFORMATION 

RAM PORT OPERATION 

Operation Truth Table 

All operation modes of TC524256P/Z/J are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following table 1. 

RAS CAS ADDRESS m/OE t~B/WE 
-SE FUNCTION 

H H * * * * Standby 

H Valid H-L H * Read 

H Valid H H-L ,< Write 
--

H Valid (Row add.) H .- -;'< RAS only refresh 

L L * H(l) * * CAS-before-RAS Refresh 
-

H Valid H L * \vrite-per-Bit 

H Valid L H * Read Transfer 
--

H Valid L L L Write Transfer 
--

H Valid L L H Pseudo-Write Transfer 

Note; H: VIH, L: VIL, *: VIH or VIL 

(1) The input level of DT/GE in the CAS before RAS timing is not ristricted. 

ADDRESSING 

However it is recommended that DT/OE be held 'High' because this input 
will be used for future expansion of the operation mode. 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAN memory array of the TC524256P/Z/J, are multiplexed onto 9 ad
dress input pins (AO'" AS). Nine row-address bits are latched on the falling edge 
of the row address strobe (RAS) and the following nine column address bits are 
latched on the falling edge of the column address strobe (CAS). 

DATA TRANSFER/OUTPUT ENABLE (DT/GE) 

The DT/OE input is a multifunction pin. When DT/OE is 'High' at the falling 
edge of RAS, a normal DRAN cycle is performed and this input is used as an output 
enable. When DT/OE is 'Low' at the falling edge of RAS, a data transfer operation 
is started between the RAN port and the SAN port. 
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WRITE-PER-BIT!WRITE-ENABLE (WE/WE) 

The WE/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per
bit function is used. When WB!WE is 'low' at the falling edge of RAS, the bit write
mask is enabled. When WB/WE and CAS are 'low' at the falling edge of RAS, the raster 
operation set-up cycle is executed. 

The WB/WE input also determines 
memory array and the serial register. 
RAS, the data is transferred from RAM 
'low' at the falling edge of RAS, the 
transfer cycle). 

the direction of data transfer between the DRAM 
When WE/WE is 'high' at the falling edge of 

to SAM (read-transfer cycle). When WB/WE is 
data is transferred from SAM to RAM (write-

WRITE-MASK DATA/DATA INPUT/OUTPUT (WI/IOI to W4/I04) 

\~1en the write-per-bit function is enabled, the mask data on the Wl/IOI pins is 
latched into the write-mask register WMI at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is 
inhibited on data lines where the write-mask data is a logic '0'. The write-mask 
data is valid for only one cycle. 

PAGE HODE 

The page mode feature of the TC524256P/Z/J allows data to be trensferred into of 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent page mode read operations, the output data 
is valid after the specified access time from CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 

[AS-ONLY REFRESH 

The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with 'RAS-ONLY' cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524256P/Z/J also offers an internal refresh function. Whe CAS in held 
'low' for a specified period (tCSR) before RAS goes low, an internal refresh address 
counter and on-chip refresh control clock generators are enabled and an internal re
fresh operation takes place. When the refresh operation is completed, the internal 
refresh address counter is automatically incremented in preparation for the next CAS
before-RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low 
while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS 'low' 
from a previous read cycle. This allows for the output data from the previous memory 
cycle to remain valid while performing a refresh. The internal refresh address 
counter provides the address and the refresh is accomplished by cycling RAS after the 
specified RAS-precharge period (refer to figure 1). 

Figure 1: Hidden refresh cycle 

CAS 

WI/IOI 

-W4/I04 

Memory 
Cycle 

Re fresh 
Cycle -I-

Refresh 
Cycle 

L. __________ ---'/ 

.\ 

-----------------«~ __________ v_a_l_'_·d __ D_a_t_a __ O_u_t_p_u_t ____________ ~)______-
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir
cuits of the RAM port:' When WB/WE is held 'low' at the falling edge of RAS, during 
a random access operation, the write-mask is enabled. At the same time, ,the mask 
data on the Wi/IOi pins is latched onto the write-m,ask register (WMl). When a '0' 
is sensed on any of the Wi/lOi pins, their corresponding write, circuits are disabled 
and new data will not be written. ' 

When a 'I' is sensed on any of the Wi/IOi pins, their corresponding write cir
cuits will remain enabled so that new data is written. The'truth table of the write
per-bit function is shown iti'table 2. 

Table 2: Truth table for write-per-bit function 
-

At the falling edge of RAS 
Function 

CAS DT/OE WB/WE Wi/lOi (i=1o..4) 

H H H * Write Enable 

H H L 
1 Write Enable 

0 Write Mask 

An example of the write-per-bit function illustrating its application to dis
plays is shown in figures 2 and 3. 

Figure 2: Write-per-bit timing cycle 

ItHII 

AD-AS lJ]f. ROW X COLUMN Y./l/@II)/ 
Dr/DE 

Wl/IOl llb.. Mask !/I)///!i/I!)/J[1II1/ 
I I 
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Figure 3: Corresponding bit-map 
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TRANSFER OPERATION 

The TC524256P/Z/J features bi-directiona1 transfer capability form RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from 
one port into the other. During a transfer cycle, RAM port and SAM port operations 
are restricted. 

There are three types of transfer operations: read transfer, write transfer 
and pseudo-write transfer. As shown in table 3, the type of transfer operation is 
determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 

Table 3: Truth table of transfer operation 

At the falling edge of RAS Transfer 
CAS DT/OE WB/WE SE direction 

H L H * Read/real-time read transfer cycle RAM + SAM 

H L L L Write-transfer cycle SAM + RAM 

H L L H Pseudo-write transfer cycle -
*: high or low 

READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array 
into the SAM register. A read-transfer is accomplished by holding CAS high, DT/DE 
low and WB/WE high at the falling edge of RAS. The row address selected at the 
falling edge of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/DE. 
When the transfer is completed, the SID lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com
pleted at the rising edge of DT/DE and becomes valid on the SID lines after the speci
fied access time tSCA from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 4). 

Figure 4: Block diagram of RAM port and SAM port during read transfer 

SAM S tart Address 
8101-8104 

EIm=:zr--;:5:i"10Z:-;;X:-:;4llb:;;i1t:--:ZZ=zzI ¢:::l SELEC TROW 

512 y 512 x 4bit 

Memory Cell Array 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant VrL or VIR, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay tTSD from the rising edge of DT/OE (refer to Figure 5). 

Figure 5: Read-transfer cycle (preceded by a write-transfer cycle) 
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se 
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In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the S10 lines until the specified tSCA 
access time from the samp. rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any timing loss. To make this continuous data flow possible: the rising edge of 
Dr/dE must be synchronized with RAS, CAS and the subsequent rising edge of SC (refer 
to Figure 6). 

Figure 6: Real-time read transfer cycle 

AO-AS 

se 

8101-8104 

r~------------~I 
HH!I 

W< ROW 

W"Hlf 

\. "LI! 

~,---_______ --,Ir--

X~~_SAM_s_~_rt~XVhljZij/h?h0/hVh 
I 

Vl/llfl/Vift//IlIlIJ/// /!//J/////// I////i'h 

I 

.Previous ROW I New ROW 
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w~ITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row or the RAM array. A write-transfer is accomplished by CAS high, 
DT/dE low, ~/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is com
pleted, the SID lines are in the input mode so that serial data synchronized with SC 
can be loaded. 

When two consecutive write-transfer operations are performed, there is a delay 
in availability between the last bit of the previous row and the first bit of the new 
row. Consequently the SC clock must be held at a constant VIL or V1H after the SC 
precharge time tsc has seen satisfied, a rising edge of the SC clock until after a 
specified delay tSRD from the rising edge of RAS (refer to figure 7). 

Figure 7: Write-transfer cycle 

BAS ~ I 
CAS IIBI! 

~ / I 
AD-AS ~ ROW X SA..M: Start YJ1J I II I I I 111/7]/1 II 

I 
WE/ViE 7117lA II LI! !J 17/1 !l!l7 I II77ZZ1 II IZI ([T[lJ1.t. 
DT/OlE ////1\. ilLI' [lZZI I 111.// I IZI 117 () [(J/ ([lllJI;. 

mti·;, ~ 
8e ~ ~ 
SE ~/ZLZZlIZII~ 
8101-SI04 DATA IN DATA IN XDATA IN 

Serial Writs transfered ROW Serial Writs for New ROW 

SP;ZZLrzn~55:1li2GY::-;4~b;;-lttL1llLrznj ¢::I SELECT ROW 

512 y 512 '<4 bi t 

Memory Cell Array 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, 
TIT/OE low, WE/WE low and SE high at the falling edge of RXS. The pseudo-write
transfer cycle must be performed after a read-transfer cycle if the subsequent 
operation is a write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from 
serisl output mode to serial input mode. During this period, the SC clock must be 
held at a constant VIL or VIR after the tsc precharge time has been satisfied. A 
rising edge of the SC clock must not occur until after the specified delay tSRD 
from the rising edge of RAS (refer to Figure 8). 

Figure 8: Pseudo-write-transfer cycle 

RAS J } 
CAS .-J HHII 

AO-A8 7]}]J1ZlIJ.. ROW 

WB/WE 7[1I!]j!lA II v' 

DT/OE 7]111J1ZlA IlL" 

SC 

,w,-"" ==x M"-O", 1 
Serial outj:Ut mode 

I 
} L 7 

~ SAM ~a.rt YJjl1 IZZIIIZZIIII II 11/ 

LI II //j IZI I L7JZl]j II ITI/ Illl/) Illll IZZi 

[![[[{f[lllZZZZZLI f!J 171 1l[[f]]]7J7J I Ii 

(fO~ ,.,H. x,.,.~'" 
Serial inplt mode 
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SAM PORT OPERATION 

The TC524256P/Z/J is provided with a S12-word by {,-bit serial access memory(SAl1). 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM-+ SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512-
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are con
figured as circular data registers. The data is shifted out sequentially starting 
from t~ selected tap location to the most significant bit and then wraps around to 
the least significant bit. 

r 1-
CO-1-2- -----5U9--510- 511~ 

Tap location determined by 
column address of read
transfer cycle. 

Subsequent real-tirne-read-transfer may be performed on-the-fly as many times 
as desired within the refresh constrainst of the DRAM memory array_ 

A pseudo-write-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAN port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle 
(SAM -+ RAM) may then be performed. The data in the SAM registers is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge of CAS. 

Table 4 : Truth table for SAc'1 operation 

Preceding 
SAM port DT/OE (at the 

Transfer falling edge SC SE Function 
Cycle operation 

of RAS) 

read- serial L enable serial read 

transfer output 11 mode H disable serial read 
H* 

write- serial L enable serial write 
input 11 transfer 
mode H disable serial write 

* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
transfer cycle. 
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SERIAL CLOCK (SC) 

All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at rhe rising edge of SC. In a serial
read, the output data becomes valid on the SIO pins after the maximum specified 
serial access time tSCA from the rising 'edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in. a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi
cant 'address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 

SERIAL ENABLE (SE) 

The SE input is used to enable serial access operation. In a serial-read cycle, 
[E is used as an output control. In a serial-write cycle, SE is used as a write 
enable control. When SE is high, serial access is disabled, however, the serial ad
dress pointer location is still incremented when SC is clocked even when SE is high. 

SERIAL INPUT/OUTPUT (SIOI'\, S104) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is per
formed, the SAM port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 

REFRESH 

The SAM data registers are static flip-flops therfore a refresh is not required. 
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TIMING loiAVEFORI>1S 

READ CYCLE 

RC --
tRAS tRP 

HAS 
VIH 

VIL 
1\ tAR V 

tCSH 

CAS 
VIH 

VIL 

~ tReD tRSH tCPN J 

.~ 1\\ teAS V J 

VIH 
AO-AS 

VII, 

WB/WE 
VIH 

VIL 

DT/DE 
VIH 

VII~ 

~ ItHAH I ~ASC • tCAH II 
. ~ ROW ~ COLUMN ," (X (X :xa< ADD~SS ADDRESS \iI 

II ~ ~ 
tHRH 

0x IX (X \X r§ (XX \iI \,\ 
(x\X \l.2\25l, 

~~ 
tROH 

Ijjjff 1\ \ / 

VIH 

'Uif" VIL 

W4/I04 

VOH 
OUT 

I~ tOEA 
i-----" 

YJ(& (Wil1. 
tCAC ~ 

tEAC tOEZ 

OPEN VALID DATA-OUT 
VOL 

~ Don't Care 
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WRITE CYCLE (EARLY WRITE) 

VIH - -------, .... I-_____ ~ ____ _ 

VIH _ 

CAS 
VIL -

AO-A8 

VIL -

VIH -
WE/WE 

VIL -

DT/OE 
VIH -

VIL -

VIH -

"~"r 
VIL -

W4/I04 

VOH -
OUT OPEN 

VOL -

~Don't Care 
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WRITE CYCLE (aE CONTROLLED WRITE) 

AO~ '< 

Wl~IOl [IN 

W4/I04 

OUT OPEN 
VOL 

~ Don't Care 
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READ-I.JRITE/READ-HODIFY-I,'RITE CYCLE 

'll.'1 ----~ 

tCSH 

v] E - ---;j,;---t-i-------*'='", tCAS 

~: 
VIR -

l,~ 

CGLLYlN 
lillD:':;"ESS 

Li--:WD 

- B-41 -

~ Don't Care 



TC524256P/Z/ J-l 0, TC524256P/Z/ J-12 

PAGE MODE READ CYCLE 

VIH -------:! tAR 
~~.,.~ _________________________ + __________________ -=t_RAS __ p ________ ~r--------~J~tRP 
\1----"""----:--1 

VIL -

tpc 

tcp 

~ 
l\foc--t-=-CA=8~J" II 1\ 

AD-AS 

WB/WE 
VIH (X \XI1' 

VIL M\M IX 

VIH 
~ 

nT/OE f VIL 

V IH - VVi7\7\7\J\,'v\-

WV: 01 IL 

W4/104 

tOEA tOFF r-r-- t-t-
~ ~ lIN v ~X(X 

OUT VOH VALID VALID VALID IL..
------ OPEN-----~ DATA-OUT I}------{I DATA-OUT'I)-----~ DATA-DUTil 

VOL 

~ Don't Care 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 

HAS 
V1H 

VIL 

CAS 
VIH 

V1L 

VIH 
AD-AS 

VIL 

WB/WE 
VIH 

VIL 

Wl//Dl[IN 
WVID4 

OUT OPEN If 

~ Don't Care 
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PAGE MODE READ-MODIFY-I-lRITE CYCLE 

tRASP 

.--:: 

1\ tAR 
";IL -

tpRWC tpRWC tRSH 

~f- :p I 1\ 
teAs 

!\ tCAS 
\ 

teAs V tAs -
.1J:H ~ tASF ~ tCLW I tAJ. tOM! tCWL-H~ ~~ tRWD 

--f- I 

:::x ~~X AO-A8 VIH -

VII, -

I 
tWSR .~WH 

E =-;;;;;y __ ViH
WB/WB~ 

~ 
tTHH 

-~ 

.J tDZ 

fj'UOE 

-tMH 
.t--

COLUMN 
ADDRESS 'Y 

tCWD 

tRWD 

I~~ 
~ 

-
:'ffffN. COLUMN 1i: iY0i. COLUMN ~ U\ 

ADDRESS .QQ<X ADDRESS C\X. ~X (f :y IX 

\Q; ~P \l} 
tewD 

\ il 
toWD F--

tDZ8 i\J ~~ \~ tDS I 1--

f- tDZO 
~ - 1- --=;.rt-

tOEI tD I:DZ~ -:-.. --

~ 

/ 

iX 

IX 

:~ 
'mo~ ~ ~~" .:....., 

WM1X ~~K 

~,~ 
0--: (X 

tOEA ~~~ 
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I VIL-

WI/IOI 

I 
WVI04 

L VOH -
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tRAe 

tOEA ~ 
-:;.- VALID 

~ ~ DATA-IN 

...------." 

~ 
VALID 
DATA-OUT 

~E1 
~ ~z DATA-IN 

.<~ + 
VALID 
DATA--OUT 

~ VALID 

tCAO 
I-- tOE 

DATA-IN 

~ 

~ 
VALID 
DATA-OUT 
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]AS ONLY REFRESH CYCLE 

AO-A8 

Wl/IOI VOH-
I ------------------------- OPEN 

W4/I04 VOL-

~ Don't Care 
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CAS BEFORE R]Q5 REFRESH CYCLE 

RAS 

~ 

Wl/lOl 
I 

W4/l04 

tRP 

vlH -

vIL - J \ 
tRAS 

tRPC 

vlH -

VIL 
/~~ tCHR 

VIH -

VIL - 5tOFF 

VOH -
----------------

VOL - ________ --"! 

Note: AO'" A8=Don't Care 
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j/ 
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tRPC 
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HIDDEN REFRESH CYCLE 

CRC tRC 

CRAS 

RAS 
V1H -

VIL-

CAS 
VIH-

VIL-

VIH-
AO-AS 

DT/OE VIH-

VIL-

WI/IOI VOH-
I VALID DATA-OUT 

W4/I04 VOL-

~ Don't Care 
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REAL TIME READ TRANSFER CYCLE 

VIR 
BAS 

VIL 

VIR 
CAS 

VIL 

VIR 
AO-A8 

VIL 

WB/WE 
VIH 

VIL 

DT/OE 
VIH 

VIL 

Wl/IOl VOR 
I 

W4/I04 VOL 

BC 

Note: SE=VIL 

tscc 

\.----~:F_-----t 

Previous Row Da ta _ : _ New Row Data 
I 

~ Don't Care 
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READ TRANSFER CYCLE (Previous transfer is write transfer) 

CAS 
VIH 

VIL 

VIR 
AO-A8 

VIL 

VIH 
WB/WE 

VIL 

DT/OE 
VIR 

VIL 

Wl/IOI VOH 
I 

W4/I04 VOL 
tTSD tscc 

VIH 
SC 

VIL 

VIR 

r SIIO I 
VIL 

S104 

VOH 
OUT 

tSCA tSOH 

VOL 

Note: SE=VIL ~ Don't Care 
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WRITE TRANSFER CYCLE 

AO-AS 

Wl/IOI VOR 
I 

W4/I04 VOL 

so 

tRC 

tRAS tRP 

t 

tOSH 

tRSH tcPN 
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~--------t,\A~~~~~~~~~~~~~~~~~~~~q:~~-----ot 
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PSEUDO WRITE TRANSFER CYCLE 
tRC 

tRAS tRP 

RAS 
VIN - tAR 

VIL -

tCSH 

tRSR 

CAS 
VIN - tCAS 

VIL -

VIN 
AO-AS-

VII., 

WB/1VE 
VIR 

VIL 

1ST, a'S 
VIH 

VIL 

IIL'IOI VOH 
I OPEN 
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-I 
MOde 1 

1 
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SERIAL READ CYCLE (5£ CONTROLLED OUTPUTS) 

::: ==-----------------------------------~-;-H~S ~-t-T-H-H--,----------------J;I 

VIH f *\ DT/OE VIL -- __________ ...J '-_______ _ 

se 

VIL -
[

IN 

SIOI 

S}04, 

OUT 
VOH -

VOL -

~ Don't Care 

SERIAL READ CYCLE (SE=VIL) 

se 

SIOI 
I 

SI04, 

VIH --------:1.-1\ (-

;~----------------------------------J~ [~t-T-H-H--~----------------~· 

VIL -

VOL -

Note: SE=Vn 
~ Don't Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 

----------~! \~-------

3C 

SE 

VUI! - ------------------------------ OPE:N 
vOL -

~ Don't Care 

SERIAL I-!RITE CYCLE (SE=VIL) 

:~:--.----------------------------~! \~---------------------

se 

SIOI vOH --
I 

8I04 vOL -

Note: SE=VIL ~ Don't Care 
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OUTLINE DRAHINGS 

• Plastic DIP 

28 15 

1 
~=-==n::::ro::::-=-c::::r=-=:r-o::::::.-=-c ~ 

14 

Note: Each lead pitch is 2.54mm. 

Unit in mm 

~
:g 

dd 
+' 

"' "" Cit 

~ ... d 
•• J 

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

with respect to No.1 and No.28 leads. 

All dimensions are in millimeters. 
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• Plastic ZIP 

Unit in rom 

I: 
36.2±Cl2 

::1 

0 

~I '" <0 
~ 

d 
0 .... 
.-l 

'?"" to 
d 
+I 
If) 

.llo.5±Cll 0. 93MAX. 
-101-'-. 1-$-1 O.25@ 

ej 

+Cl1 
o.Z5--{)'05 

t---

1 3 5 7 9 11 13 16 17 19 21 23 25 27 

ZIP28P-400 

4 6 8 10 12 14 16 18 'cO 22 24 26 28 

Note: Each lead pitch is l.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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• Plastic SOJ 

21.0±Cl2 

I~DDDDnnD 17 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC524257P/Z/J-l0, TC524257P/Z/J-12 

DESCRIPTION 
The TC524257P/Z/J is a CMOS Hultiport memory equipped with a 262 ,144-word x 4 bit dynamic 
r3ndom access memory(RA}!) port and a 512-word x 4 bit static serial access memory(SA.'1) port. 
In addition to the conventional DRAH operation modes, the TC524257P/Z/J features a logic 
function and a write-per-bit function on the RAM port; Bi-direction3l transfer capability 
between the DRA}I memory arr3Y and the SAl-I data register and a high speed serial read/write 
capabili ty on the SAl-I port. The Rfu'1 port and the SAl-I port can be accessed independently ex
cept when data is being transferred between them internally. The TC524257P/Z/J is fabri
cated using TOSHIBA's CMOS silicon gate process technology as well as advanced circuitry to 
provide low power dissipation and wide operating margin. Multiplexed address inputs and a 
common input/output organization allow the TCS24257P/Z/J to be housed in a standard 28-pin, 
400-mil wide plastic DIP and 400-mil height ZIP, and in a standard 32-pin 400-mil wide 
plastic SOJ. System oriented features include 3 single SV~lO% power supply operation and 
compatibility with high performance schottky TTL logic. 

FEATURES Organization 

IT&1 TC524257P/Z/J 
RAM port: 262,144 words x 4 bits 
SAl-l port: 512 words x 4 bits 

~\C F~"S Access Time (Hax. ) 

tCAC CAS Access Time (~!ax. ) 

LRC Cycle Time (!lin. ) 

tpc PD.ge Hode Cycle Time{Min. ) 

tSCA Serial Access Time (Max. ) 

tscc :::eyial Cycle Time (Hin. ) 

J CCl t . .f2: Operating Current 

'----
(SA\! : Standby) 

ICC2t\ SA!-: Operating Current 
(R<\~l : Standby) 

-10 -12 

lOOns l20ns 

SOns 60ns 

190ns 220ns 

90ns 10Sns 

25ns 35ns 
30ns 4flns 

70mA 60mA 

SOmA 45rrl' .. 
--

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

Read-Uodify-Hrite, CAS before RAS refresh, 
Hidden refresh, Page mode, Write-Per-Bit, 
Raster operation, Read transfer, Hrite 
transfer, Serial read, Serial Hrite 
capabili ty. 

All inputs and outputs TTL compatible 
512 refresh cycle/Oms 
Package 

TCS24257P: 0.4 inches 28 pins standard 
PL:lstic DIP 

r~\:l/ S . .lJ I 
ICC Standby Current lOrnA 

TC5242S7Z: 0.4 inches 28 pins standard 
Plastic ZIP 

TC524257J: 0.4 inches 32 pins st2ndard 
Plastic SOJ 

PIN NAt1ES PIN CONNECTION (TOP VIEI') 

~:A8 Address ~uts 

r",s Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output 
Enable 

lIB/HE Hrite Per Bit/Hrite 
Enable 

HI/IOI '\, 1-14/104 
Hrite ~lask/Data It!, 
OUT 

SC Serial Clock 
SE Serial Enable 
SI01'\, SI04 Serial Input Output 
VCC Power (+5V) 

VSS Ground 

Plastic ZIP Plastic SOJ Plastic DIP 

Vss N.C. 

jj ~~: W3/I03 N,C. :!;; Vss 
S104 W4/104 

SE 31 Vss 
SIO:l 8103 

8104 30 8104 

SE Vss 7-: L_ 
SC 29 8I03 

:~ [~8 
W4/I04 SIOl ~..; rio 8E 

DT/OE 8102 
W3/I03 ~-G ~i2 WI/IOl 

W4/10" 

N.C. W2/T02 ~~ r14 W'iJ/WE 
W3/I03 

CAS NC, l~J r£6 ~s N.C. 

N.C. AS l;tJ rf N.C. 9 CAS 
AS 

AO AS 19J ~m FIAS 10 N.C. 
Vec A4 

Al 2D ~: A8 11 AO 

A3 
7; L2 A7 

Al A2 2:?J r:' A6 12 
25: ~.-

A2 
A3 Al AS 13 A2 

.:..1 1.& AO 
A7 N.C. z7J ;- JAG 

A4 14 A3 

Vee 15 A7 

N.C. No Connection Vee 16 N.C, 
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BLOCK DIAGRAM 

AD 

Al 
~ 

'" wl/rDI 
'" "" A2 
::0 ro 

'" 
W2/I02 

C< :=' 
A3 

>-< 

~ ro 
W3/I_03 I 

'" H 
A4 

ifl..:l 0: I 0 E-< W4/104 W~ ;!j C<c< 
>-<z 

A5 

A6 gig 

A7 

AS 
MEMORY ARRAY z 

'" 0", 

~~ 
A 

° 512X5I2 0: Ol 0 
gj H Z 

X 4 bi t "" g 8 
0", C< 

0", ;;: 
HUJ '" " 0: "" 3", 0 

SERIAL 
REGISTER 

512 X 4 SI01 

SI02 

sr03 

SI04 

--0 Vcc 

--0 Vss 
CLOCK 

GENERATOR 
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ABSOLUTE ~lAXI~lUM RATINGS 

SYMBOL ITEM RATING UNITS NOTES 

VIN VOUT Input Output Voltage -1.0",7.0 V 1 
VCC Power Supply Voltage -1.0"'7.0 V 1 
Topr Operating Temperature 0'" 70 °c 1 
Tstg Storage Temperature -55'" 150 °c 1 

TSOLDER Soldering Temperature' Time 260' 10 °C'sec 1 
Pn Power Dissipation 1 W 1 

lOUT Short Circuit Output Current 50 rnA 1 

REcor~r'lENDED DC OPERATING CONDITION (Ta=O'" 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
VCC Power Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

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

SAM 
TC524257P/ TC524257P/ 

SYHBOL ITE.'1 (RAM Port) Z/J-IO 2/J-12 UNITS NOTES 
Port MIN. MAX. MIN. MAX. 

lCCl OPERATING CURRENT Standby - 70 - 60 3,4 

ICCIA (RAS, CAS Cycling: tRC=tRC MIN.) rnA f----'-
Active - no - 100 3,4 

ICC2 STANDBY CURRENT Standby - 10 - 10 
ICC2A (RAS, CAS=VlH) 

rnA I---
Active - 50 - 45 3,4 

ICC3 RAS ONLY REFRESH CURRENT Standby - 70 - 60 3 
lCC3A (RA.S Cycling. CAS=VIH: tRC=tRC MIN.) ~ctive 

rnA ~ - 110 - 100 
1CC4 ?AGE ~lODE CURRENT Standby - 60 - 50 3,4 

(RAS=Vn, CAS Cycling: tpC=tpc HIN.) ~ctive 
rnA ~ 

ICC4A - 1CO - ')0 3,4 
Tecs \CAS BEFORE RAS REFRESH CURRENT Stadnby - 70 - 60 3 
1CC5A (CAS Before RAS Cycling:tRc=tRC HIN.) ~ctive 

rnA ----,--
- llO - 100 3,4 

c;------
T ("'('6 DATA TRANSFER CURRENT Standby - 80 - 75 3 r:-=-'---- rnA -
lCC6A ([AS, CAS Cycling: tRC=tRC MIN.) ~ctive - 130 - 12u 3,4 

SYMll[lL ITEM MIN. TYP. MAX. UNITS NOTES 

I} (L) 
INPUT LEAKAGE CURRENT 
(OV: VIN::: 6.5V, All Other Pins Clot Under Test=OV) -10 0 10 \1A 

IO(L) OUTPUT LEAKAGE CURRENT -10 ,0 10 \1 A 
(Output is disabled, OV::: VOUT:l5.5V) 

VOH OUTPUT HIGH LEVEL VOLTAGE 
2.4 V (Wi/lOi, SIOi IOUT=-~iT:Al_ - -.... 

VOL OUTPUT LOW LEVEL VOLTAGE - - 0.4 V 
(Wi/lOi. ••. IOUT=+4. 2rll.'·. ST i1. ••• IOUT=+2rnA) 
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ELECTRICAL CHARACTERISTICS AND RECONMENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O'" 70°C) (NOTES 5, 6, 7) 

TC52 l;257P/ TC524257F/ 
SYMBOL PARAMETER Z/J-10 Z/J-12 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 190 220 

tRWC Read-Write Cycle Time 250 290 

tpc Page Mode Cycle Time 90 105 

tpRI,JC Page Mode "Read-Write Cycle Time 150 175 
tRAC Access Time from RAS 100 120 
tCAC Access Time from CAS 50 60 
tOFF Output Buff er Turn-Off Delay 0 30 0 35 
tT Transition Time (Rise and Fall) 3 35 3 35 
tRP RAS Precharge Time 80 90 

tRAS RAS Pulse Width 100 10,000 120 10,000 

tRSH RAS Hold Time 50 60 

tCSH CAS Hold Time 100 120 

tCAS CAS Pulse Width 50 60 
tRCD RAS to CAS Delay Time 20 50 25 60 
t CRP CAS to RAS Precharge Time 10 10 
tCPN CAS Precharge Time 15 20 
tep CAS Precharge Time (Page Mode) 30 35 
t ASR Row Address Set-Up Time a 0 

tRAH Row Address Hold Time 10 15 
t ASC Column Address Set-Up Time 0 0 

tCAH Column Address Hold Time 20 25 
tAR Column Address Hold Time referenced to RAS 70 85 

tRCS Read Command Set-Up Time 0 0 

tRCH Read Command Hold Time 0 0 

tRRH Read Command Hold Time referenced to RAS 10 10 

tIVCH Write Command Hold Time 20 25 

tWCR Write Command Hold Time referenced to RAS 70 85 
twp Write Command Pulse IVidth 20 25 
tRl,JL Write Command to RAS Lead Time 30 35 

tCWL Write Command to CAS Lead Time 30 35 
t DS Data Set-Up Time 0 a 
tDH Data Hold Time 20 25 

tRASP RAS Pulse \·iidth (Page Mode) 190 00,000 225 ~OO,OOO 
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ELECTRICAL CHARACTERISTICS AND RECOt1t·1ENDED AC OPERATING CONDITION (Continued) 

TC524257P/ TC524257P/ 
SYMBOL PARAHETER Z!J-lO Z! J-12 UNITS NOTES 

MIN. MAX. MIN. MA,,{ • 

tDHR Data Hold Time referenced to RAS 70 85 --twcs Write Command Set-Up Time 0 0 13 -
tRion> RAS to WE Delay Time 125 150 13 

-
tCWD CAS to WE Delay Time 75 90 13 -tDZC Data to CAS Delay Time 0 0 -
tDZO Data to OE Delay Time 0 0 -
tOEA Access Time from OE 25 30 -
tOEZ Output Buff er Turn-Off Delay from OE 0 20 0 25 ns 10 

-
tOED OE to Data Input Delay Time 20 25 

-
tOEH OE Command Hold Time 20 20 -t ROH RAS Hold Time referenced to OE 20 20 

tCSR 
I---

CAS Set-Up Time for CAS Before RAS Cycle 10 10 
tCHR 

r----
CAS Hold Time for CAS Before RAS Cycle 20 20 

tRPC 
I---

RAS Precharge to CAS Active Time 0 0 

for CAS Before 
1----

tCPT CAS Precharge Time RAS Counter 40 50 
Test 

tREF Refresh Period 8 8 ms 
t WSR WB Set-Up Time 0 0 

tRWH 
I---

WB Hold Time 10 15 

tMS 
I---

Write-Per-Bit Nask Data Set-Up Time 0 0 
f'----

tMH \.Jrite-Per-Bit Mask Data Hold Time 10 15 
.-

tTHS DT High Set-Up Time 0 0 
-- r----

tTHH DT High Hold Time 10 15 -t TLS DT Low Set-Up Time 0 0 
'---

tTLH DT Low Hold Time 10 15 
ns -

tRTH 
DT Low Hold Time referenced to RAS 

80 95 
(Real Time Read Transfer) -

tCTH 
DT Low Hold Time referenced to CAS 

30 35 
(Real Time Read Transfer) 

c---
tESR SE Set-Up Time referenced to RAS 0 0 

-
tREH SE Hold Time referenced to RAS 10 15 

-
tTRD DT to RAS Delay Time (Read Transfer) 0 0 

-
tRP DT Prechaege Time 30 35 -
tRSD RAS to First SC Delay Time (Read Tr ansf er) 100 120 
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ELECTRICAL CHARACTERISTICS AND RECOMr~ENDED AC OPERATING CONDITION (Continued) 

TC524257P/ TC524257P/ 

SYMBOL PARAMETER Z/J-lO Z/J-12 UNIT NOTES 
MIN. MAX. MIN. MAX. 

tCSD CAS to First SC Dealy Time (Read Transfer) 50 60 
Last SC to DT Lead Time r---

tTSL (Real Time Read Transfer) 5 10 
r---

tTSD Df to First SC Delay Time (Read Transf er) 15 20 

tSRS 
f------

Last SC to RAS Set-Up Time (Serial Input) 30 40 

tSRD 
,-

RAS to First SC Delay Time (Serial Input) 25 30 
r----~ -
tSDD RAS to Serial Input Delay Time 50 60 

Serial Output Buffer Turn-Off Delay 
_.-._---- ---- -- c--------

from 
tSDZ RAS (Pseudo Write Transfer) 10 50 10 60 10 

--- f------
tszs Serial Input to First SC Delay Time 0 0 

- ,-
tscc SC C'ycle Time 30 40 

-
tsc SC Pulse Width (SC High Time) 10 15 

'------

tscp SC Precharge Time (SC Low Time) 10 15 ns -
tSCA Access Time from SC 25 35 9 

-
tSOH Serial Output Hold Time from SC 5 5 --t SDS Serial Input Set-Up Time 0 0 

-
tSDH Serial Input Hold Time 20 30 

-
tSEA Access Time from SE 25 35 9 

-
tSE 'Sf' Pulse lVidth 25 35 
'----- -=--- -
tSEP SE Precharge Time 25 35 
r.--- -
tSEZ Serial Output Buffer Turn-Off Delay from SE 0 20 0 30 10 

-
tSZE Serial Input to SE Delay Time 0 0 

-
tsws Serial Write Enable Set-Up Time 5 10 -
tSEH Serial Write Enable Hold Time 15 20 -
tSWIS Serial Write Disable Set-Up Time 5 10 

-
tSWIH Serial Write Disable Hold Time 15 20 

- 8-62 -



lC524257P/Z/J-l0, TC524257P/Z/J-12 

RASTER OPERATION WRITE CYCLE 

ELECTRICAL CHARACTERISTICS AND RECO~1r~ENDEO AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O'V 70°C) (NOTES 5, 6, 7) 

TC524257PI TC524257P/ 
SYMBOL PARAMETER Z/J-10 Z/J-12 UNIT 

MIN. MAX. MIN. MAX. 

tFRC Write Cycle Time 220 260 
t FRWC Read-Write Cycle Time 280 330 

tFPC Page Mode Write Cycle Time 120 145 

tFPRWC Page Mode Read-Write Cycle Time 180 215 

tFRAS -RAS Pulse Width 130 160 ns 

tFRSH RAS Hold Time 80 100 
t FCSH CAS Hold Time 130 160 

tFCAS CAS Pulse Width 80 100 
tFRWL Write Command to RAS Lead Time 60 75 

tFCWL Write Command to CAS Lead Time 60 75 

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

SYMBOL PARAMETER HIN. MAX. 

CIl Input Capacitance (AD 'V A8) - 8 

CI2 Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) - 8 
CI01 Input/Output Capacitance (Wl/IOl 'V W4/I04) - 10 
CI02 Input/Output Capacitance (S101 'V SI04) - 10 
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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. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. Power must be applied to the RAS and DT/OE input signals to pull them "high" before 
or at the same time as the VCC supply is turned on. After power-up, a pause of 200 
p,seconds minimum is required with RAS and DT/OE held "high." After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal Circuitry, before valid read, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held "high." If the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

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. RAM port outputs are measured with a load equivalent to 2 TIL loads and 100pF. 

9. SAM port outputs are measured with a load equivalentto 2 TIL loads and 30pF. DOUT 
comparator level: VOH/VOL =2.0V/0.8V. 

10. tOFF (max.), tOEl (max.), tSDl (max.) and tSEl (max.) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

11. Either tRCH or tRRH must be satisfied for a reFld cycle. 

12. These parameters are referenced to CAS I.ading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

13. twcs, tRWD and tCWD 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.) and tCWD ~ tCWD (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. 

14. 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' 
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DEV ICE INFOR~1A nON 

RAM PORT OPERATION 

Operation Truth Table 

All operation modes of TC524257P/Z/J are deteruined by CAS, DT/OE, WE/WE, and SE 
at the falling edge of RAS. They are shown in the following tabel 1. 

Table 1: Functional Truth Table 

RAS CAS ADDRESS DT/OE WE/WE SE FUNCTION 

H H * * * * Standby 

H Valid H+ L H * Read 

H Valid H H+L * \.]rite 

H Valid (Row add.) H * * RAS only refresh 

L * H(l) H * CAS-before-RAS Refresh 

L H Valid H L * Write-per-Bi t 

L Valid(AO'UA3) H(1) L * Raster Operation Set-up 

H Valid L H * Read Transfer 

H Valid L L L Write Transfer 

H Valid L L H Pseudo-Write Transfer 

Note; H: VIH, L: VIL, *: VIH or VIL 

(1) The input level of DT/OE in the CAS before RAS timing is not ristricted. 

ADDRESSING 

However it is recommended that DT/OE be held 'High' because this input 
will be used for future expansion of the operation mode. 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524257P/Z/J, are sultiplexed onto 9 address 
input pins (AO'V A8). Nine row-address bits are latched on the falling edge of the row 
address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 

The row address inputs AXO'V AX3 are also used as operation code input signals in 
the raster operation set-up cycle. 

DATA TRANSFER/OUTPUT ENABLE (DT/BE) 

~he DT/OE input is a multifucntion pin. When DT/OE is 'High' at the falling edge 
of RAS, a normal DRAM cycle is performed and this input is used as an output enable. 
\,hen DT/OE is 'Low' at the falling edge of RAS, a data transfer operation is started 
between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per-bit 
function or the raster operation are used. When WB/WE is 'low' at the falling edge 
of RAS, the bit write-mask is enabled. When WB/WE and CAS are 'low' at the falling 
edge of RAS, the raster operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRfu~ 
memory array and the serial register. When WB/WE is 'high' at the falling edge of RAS, 
the data is transferred from RAt! to SAM (read-transfer cycle). When WB/WE is 'low' at 
the falling edge of RAS, the data is transferred from SAM to RAM (write-transfer 
cycle). 

WRITE-MASK DATA/DATA INPUT/OUTPUT (WI/IOI to W4/I04) 

When the write-per-bit function is enabled, the mask data on the WI/IOI pins is 
latched into the write-mask register WMl at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is 
inhibited on data lines where the write-mask data is a logic '0'. The write-mask data 
is valid for only one cycle except for during raster operation. In the raster opera
tion set-up cycle, the mask data is latched into the write-mask register WM2 at the 
falling edge of RAS. The write-mask selected during the raster operation set-up cycle 
remains valid for all subsequent raster operation write, read-modify-write or page
mode write cycles. 

PAGE MODE 

The page mode feature of the TC524257P/Z/J allows data to be transferred into or 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent p." 'TIode read operations, the ouptut data 
is valid after the specified access time f a Ci"-S • As a result, page mode operation 
reduces power dissipation and improves dat" access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 

RAS-ONLY REFRESH 

The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with 'RAS-ONLY' cycles. 
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~-BEFORE-FUl:S REFRESH 

The TC524257P/Z/J also offers an internal refresh function. ~fuen CAS is held 'low' 
for a specified period (tCSR) before RAS goes low, an internal refresh address counLer 
and on-chip refresh control clock generators are enabled and an internal refresh 
operation takes place. When the refresh operation is completed, the internal refresh 
address counter is automatically incremented in preparation for the next CAS-before-
RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low while 
cycling RAS. 

During a ~-before-RAS refresh cycle, WB/WE must be 'high' at the falling edge 
of RAS to prevent a false raster operation set-up cycle from occurring. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS 'low' from 
a previous read cycle. This allows for the output data from the previous memory cycle 
to remain valid while performing a refresh. The internal refresh address counter 
provides the address and the refresh is accomplished by cycling RAS after the speci
fied RAS-precharge period (refer to figure 1). 

Figure 1: hidden refresh cycle 

WI/10l 
-W4/104 

Memory Refresh Refresh 

~,---CYC1_. A,---:YCI----J9 A,---CYC19----1f-

\~----------------~I 

--------------~(~ _________ v_a~l~l~d __ D~a_t~a_o~u_t~p~u~t ____________ _'>-------
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir
cuits of the RAM port. When WB/WE is held 'low' at the falling edge of RAS, during a 
random access operation, the write-mask is enabled. At the same time, the mask data 
on the Wi/IOi pins is latched onto the write-mask register (WMl). When a '0' is 
sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled and 
new data will not be wirtten. 

When a '1' is sensed on any of the wilIOi pins, their corresponding write circuits 
will remain enabled so that new data is written. The truth table of the write-per-bit 
function is shown in table 2. 

Table 2: Truth table for write-per-bit function 

At the falling edge of RAS Function 
CAS DT/OE WB/WE Wi/roi (i=l'" 4) 

H H H * Write Enable 

H H L 1 Write Enable 

0 Write Mask 

An example of the write-per-bit function illustrating its application to displays 
is shown in figures 2 and 3. 

Figure 2: write-per-bit timing cycle 

~ 
"i" ~ r-

7Jlj. ROW X COLUMN XIlI!JlIJII 

I 
Wl/IOl!JlA Mask IlOllmOlmmz 

I I 
W2,/I02 Zlll EnableY.(jJwrite"l"W/l)/j)j 

I I 
W3,/I03 7JA Mask m7777!!1iilll!l[1l 

I I 
W4/I04 !ll/ Enable VA Write"O" 1I11/)//!; 

I I 

L LWrite 

Wry/IOn = "L" ... Mask Bi t 

Figure 3: corresponding bit-map 

CRT di splay 

00000000001/ 
00 0000 ••• 0 a 
00 000. 0.00 a 
00 00.0 00000 
00 00000 
00 Q'OOO 0000 a 
00 'f000 IUOOO P 

Pixel 

• Write "1" 
o Write "0" 

a No write 

W3/I03 ... No wri te(Masked) II' L-WV'" ...• ,," '0' 
W2,/I02 •.. Wri te "1" 

Wl,/IOI •.. No wri te(Masked) 

WrVIOn = "H" ... Wri te Enable Bit 
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RASTER OPERATIO:; 

The TC524257P/Z/J features a logic function which provides 16 modes of raster op
eration. The desired logic function mode is selected during the raster operation 
set-up cycle and remains in effect until another selection is made. During raster 
operation, the TC524257P/Z/J performs internal logic opf'rations when data i~ w:itten 
through the RAM port. As shown in figure 4, the result (fj) of the logic operation, 
between the input data and the data residing in the accessed memory location is 
stored back in the accessed memory location. 

Mask Data 
WM2 

Op'3ration Code 
AXO-AX3 

Figure 4: block diagram of raster operation 

Mn .;- fj (Mn, Dn) 

fj: Logic Operation (j=O'V 15) 
Mn: Destination Cell Data 
On: Source Input Data 

n: Number of WIIO 

The row address inputs AXO thru AX3 are used as operation code input signals in 
the raster operation set-up cycle. 

Table 3 lists the operation assigned to the sixteen logic function modes. 

Table 3: Truth table of raster operation 

Operation Code 
Symbol Operation Note 

Operation Code 
Symbol Operation Note 

AX3 AX2 AXl AXO AX3 AX2 AXI AXO 

0 0 0 0 ZERO 0 "1 1 0 0 0 NOR Dn+Mn *2 

0 0 0 1 AND1 Dn· Mn *2 I 0 0 1 ENOR DnEBHn *2 

0 0 I 0 AND2 Dn'Mn *2 1 0 1 0 INV1 Dn *1 

0 0 1 I INHIBIT Mn *2 1 0 I 1 OR2 Dn + ~ln *2 
-

0 1 0 0 AND3 Dn' Hn ;'2 1 1 0 0 INV2 Nn '~2 

0 I 0 I *3THROUGH Dn *1 1 I 0 1 OR3 Dn + ~ln ;'2 
-- -"--

0 1 1 0 EOR DnEBHn *2 1 1 1 0 NAND Dn' ~ln ~'t2 

0 1 1 1 ORl Dn+ Nn *2 1 1 1 1 ONE 1 "1 

Note: ;'1 Normal ,vrite cycle timing is applied. 
,"2 Raster operation write cycle timing must be applied. 
*3 The 'THROUGH' operation mode allows input data to be written directly into 

the selected memory location without raster operation. Therefore, 'THROUGH' 
is used to reset the raster operation. 
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Figure 5: Raster operation set-up cycle 

ADDRESS 

Wi/Wi 

____ -.IFalling edge of RAS 

'L' 

7J/.. AXQ-AX3 WI/mllll IIjjJ/!/III!// 
I 

u~~ !!l!JJJ 1JJ1/ ~ IIIJ / !IIJJ/D///I/l /1//1 

~ MASK DATA )~------------------
!Z:J Don't care 

AXO'\, AX3 ••••••••• RASTER OPERATION SELECTION CODE 
(16 functions) 

MASK DATA •••••••• RASTER OPERATION ~mSK DATA 
(WijIOi=l Non masked bit) 
(WijIOi=O ••••• Masked bit) 

Figure 5 shows the timing diagram for the raster operation set-up cycle. 
Both CAS and WB/WE must be low at the falling edge of RAS. At this point, the 

operation code specified by row addresses AXO thru AX3 determines the logic function 
to be performed and the mask data is latched into the write-mask register WM2. 
The logic function and mask data specified during the raster operation set-up cycle 
will remain in effect during all subsequent raster operation cycles, till another 
raster operation set-up cycle is executed to change the logic operation mode and mask 
data. 

When the 'THROUGH' operation mode is selected, a logic operation is not per
formed but the mask data specified during the raster operation set-up cycle remains 
in effect during all subsequent raster operation cycles (persistent write per bit 
function). 

Figure 6 shows an example of raster operation cycles with a write-per~bit cycle 
mixed in the sequence. During the write-per-bit cycle, the raster operation is 
inhibited and the mask data in register WNI is used while the mask data in register 
WM2 is ignored. In the subsequent raster operation page mode cycle, the raster op
eration is reactivated and the mask data in register WH2 is used again. 
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Figure 6: Example of raster operation 

CAS 

AO-A8 

W1/IOl 

W2/I02 

W4/104 
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TRANSFER OPERATION 

The TC524257P/Z/J features bi-directional transfer capability from R&~ to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from one 
port into the other. During a transfer cycle, RAM port and SAM port operations are 
restricted. 

There are three types of transfer operations: read transfer, write transfer and 
pseudo-write transfer. As shown in table 4, the type of transfer operation is deter
mined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 

Table 4: Truth table of transfer operation 

At the falling edge of RAS Transfer 

CAS DT/OE WB/WE SE direction 

H L H * Read/real-time read transfer cycle RAH+ SAM 

H L L L Write-transfer cycle SAM + RAM 

H L L H Pseudo-write transfer cycle -

*: high or low 

READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array into 
the SAM register. A read-transfer is accomplished by holding CAS high, DT/OE low and 
WB/WE high at the falling edge of RAS. The row address selected at the falling edge 
of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 
When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci
fied access time tSCA from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 7). 

Figure 7: block diagram of RAM port and SAM port during read transfer 

SAM Start Address 
SI01-SI04 

t:Pznzur~5fll}2~<~4bbfittzQllZQ~~ SELECT ROW 

512 x 512 x 4bit 
Memory Cell Array 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant VIL or VIR, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay tTSD from the rising edge of DT/OE (refer to Figure 8). 

Figure 8: Read-transfer cycle (preceded by a write-transfer cycle) 

RAS J ~ / 
CAs .-I "H" ~ I 7 

'Itlilll 1I/lIlz;;;;;Jf!1 AO-AS ~/!UJm ROW XiX SAM 8brt 

I 
WB/WE V/![[[[!J VII 17 !] I [II!I[!/fII/l[I(jjJ)jlfl} [II! Ii 
DT/OE 

se Inhibit rising transition 

8101-8104 >-----------~ DATA-OUT 

In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SID lines until the specified tSCA 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any timing loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC 
(refer to Figure 9). 

Figure 9: Real-time read transfer cycle 

RAS --------------------~I } 
CAs IIHI' ~---_/,----
AO-AS 7llX ROW 

WIV'NE Ill! IIH" 

-------,..----,X SAM Start XZIf[!J//!)jJ//!/IJ//J/I/l 
I 

W//////Ji !III! //Ji //II I/IJ/J//j/ /I)i ///; 
DT/OE \ "Lt! ~------~------~I 
se 

8I01-S104 

Previous ROW 
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WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row of the RAM array. A write-transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RA}! row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is completed, 
the SIO lines are in the input mode so that serial data synchronized with SC can be 
loaded. 

When two consecutive write-transfer operations are performed, there is a delay in 
availability between the last bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant'VIL or VIH after the SC precharge 
time tsc-has seen satisfied, a rising edge of the SC clock until after a specified 
delay tSRD from the rising edge of RAS (refer to figure 10). 

Figure 10: Write-transfer cycle 

RAS 

CAS 

AO-AS 

Wlt/W"E 

DT/DE 

SC 

SE 

S101-S104 

______________ ~I ~ 
~ __ ----'I "Hli 

I 
'---,..----,X SAM S tart Y./r-r-7/1TT71r-r://rnil/7T7/rr7//1-rr/27TI/r"rr//1 7llJlj, ROW 

Tfilll>. "L' 

7711lA "L" 

mAi·!· 
DATA IN 

I 

=== ~ ; 
O/l/l{!7I!IIII! 

DATA INXDATA IN 

Serial Writs for transf'ered ROW Serial Writs for New ROW 

~ BfnUZW551l:· 22XX 44tb:;:Cl "to --Z<W?ZZ?4 ¢:::J SELEC TROW 

o 
o 
OJ 
Q 

" o 
~ 

512x512X4 bit 

Memory Cell Array 
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PSEUDO-\.JRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches 510 lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, DT/OE 
low, WB/WE low and SE high at the falling edge of RAS. The pseudo-write-transfer 
cycle must be performed after a read-transfer cycle if the subsequent operation is a 
write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from serial 
outvut mode to serial input mode. During this period, the SC clock must be held at a 
constant VIL or VIH after the tsc precharge time has been satisfied. A rising edge of 
the SC clock must not occur until after the specified delay tSRD from the rising edge 
of RAS (refer to Figure 11). 

Figure 11: Pseudo-write-transfer cycle 

F.0.C 

CAS 

AO-A8 

w~/~ 

fT. ~ 

se 

--1 ----------------~/ } 
~ "H" 

I 
////mllJ. RO W 

1-----------'1'---17 
~----''flh.. SAM Start X/177ll"'m-rrarrrm"'7 o-rrZ/rnm"""-;71 

I 

077llUA 'L' oomOlllZO/OlllllmZZOOJllOU 
WlZllA I 

'L' Rmmoolmom! morm!l! mb 

SI01- SI04 ~ r"TA-uUT ~ 

.j ~f--C_ATA_-IN_X_DA_TA~_IN_ 
,"'",rl3.1 output modA ~~8rlal input mode 
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SAM PORT OPERATION 

The TC524257P/Z/J is provided with a 512-word by ll-bit serial access memory (SAM) . 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM""' SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512·· 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are configured 
as circular data registers. The data is shifted out sequentially starting from the 
selected tap location to the most significant bit and then wraps around to the least 
significant bit. 

Tap 10cntion determined by 
column addres~ of read-transfer 
cycle. 

Subsequent real-time-read-transfer may be performed on-the-fly as many times as 
desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transfer cycle must be performed in order to W1 ite data into the 
SAM port. This cycle switches the SAN port operation from output mode to inp.lt mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-trans[er cycle 
(SAN -;. RAM) may then be performed. The data in the SAM registers is 10adec1 into the 
RAN row selected by the row address at Cr.e falling edge of RAS. The start addre.sc of 
SAN registers is determined by ,de column ","dress selected at the falling edge >'.:;'};. 

Table 5: Truth "able for SAN (.,,'-,rCltiO'l 

Function 
Preceding SAt-! po;t I DT/OE (,~~-~:T-"---! 
Transfer operation 'I falling . dgc Ii sc I "L 

Cycle of RAS\ 
r-----+.---.----.-.. +'------... ---t---t--I----------.., 

read
transfer 

write
transfer 

Ch I . .It 

mode 

serial 
input 
mode 

H* 

L enable serial read 
Jl~4-----------~ 

H disable serial read 

L enable serial write 

Jl 
H disable serial write 

* When simultaneous operation are being performed on the RAM port and the SAN port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
trasnfer cycle. 
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SERIAL CLOCK (SC) 

All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial-read, 
the output data becomes valid on the SIO pins after the maximum specified serial ac
cess time tSCA from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi
cant address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 

SERIAL ENABLE (5£) 

The SE input is used to enable serial access operation. In a serial-read cycle, 
SE is used as an output control. In a serial-write cycle, SE is used as a write enable 
control. When SE is high, serial access is disabled, however, the serial address 
pointer location is still incremented when SC is clocked even when SE is high. 

SERIAL INPUT/OUTPUT (SIal'\., SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAN port is in the output mode. When a pseudo-write cycle is performed, 
the SAl-I port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 

REFRESH 

The Sk'l data registers are static flip-flops therefore a refresh is not required. 
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TH.JI NG ~:AVEFOR~lS 

READ CYCLE 
tRC 

tRAS tRP 

VIH - tAR 

RAS 
vIL -

tCSH 

tROD tRSH 

VIH -
CAS 

VIL -

RAH 

VIH -
AD-AS 

VIL - U!j ttlCH 
tRRl! 

WE)/WE 
VIH -

~ 1_2W'~ VIL -

VIH-
DT/lSE 

VIL-

tDZO 

VIH -
IN 

'~Mr 
VIL - tCAC tOPE' 

tRAC tOEZ 
W4/I04 

VOH -
OUT OPEN VALID DATA-OUT 

VOL-

~Don't Care 
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WRITE CYCLE (EARLY WRITE) 

tRC 

tRAS tRP 

RAS 
VIH tAR 

VIL 
tCRP tCSR 

tRCD tRSR tCPN 

CAS 
VIH 

'iIL 

VIH 
AO-A8 

VI L 

WB/WE 
VIR 

VIL 

DT/OE 
VIR 

VI~ 

VIH 
IN 

Wl.;IOlf 
-IlL 

W·1/1 ')4l 
VOH 

OUT OPEN 
VOL 

~Donlt Care 
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WRITE CYCLE (0£ CONTROLLED I.JRITE) 

RAS 
v1H -

vIL -

VIH -
CAS 

V1L -

V1H -
AD-AS 

VIL-

VIH -
WE/WE 

V1L -

,tTHSI 

DT/OE 
VIH -

V1L -

V1H -

[ill Wl/IOI 
V1L -

W4~I04 
VOH -

OUT OPEN 
VOL -

~ Don't Care 
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READ-WTITE/READ-MODIFY-WRITE CYCLE 

AO-AS 

VIH -
DT/OE 

WV,rOlfl IN 

W4-/,104-

OUT 
VOH -

VOL -

__________ OPEN - ___ -( 

- 8-81 -

VALID 
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PAGE MODE READ CYCLE 

RAS 
VIH -

VIL-

t t RASP 

/~ -----:I tAR 

1\ 
tpc tpc 

VIH-
CAS 

VIL -

tCRI tRCD ~ L.!CP tRSH ~ ~ 
tCAS 

-~ 

tT I~ 
tCAS tCAS 

V 1\ l' \ 1: 
tCSH 

, 

VIH -
AO-A8 

VIL -

WB/WE 
VIH -

VIL-

tASR tF~ tASC tCAR tASC tCAR t SC tCAR 
-+~ r-=-=-

1:P7:fi: ROW ~ COLUMN :~7( COLUMN COLUMN T'.c, ,~, 

ADD ADDRESS :~ ADDRESS ADDRESS :xy. Jl.'~ r l"tRCS , 
~ II ~ ItRCS 

T tRCH 

tR S tRCH tRGe I I ~ 
:'1: :X (X (NX:# 1W V ~ 

t.rHS t.rHH 

VIH -
DT/OE 

VIL-

I 

7 1\ !\ / / / 
tDZO 

VIH -
IN 

n~m'r 
VIL -

W4/I04 
VOH -

OUT 

VOL -

,,?:X~X 
tOEA tOFF to ~A !'oFF to~ tOFF - -c-r--

tOEZ I 
- c-r-- ---tCAC ~ ~ I tCAO. tOEZ 

-::=::;. ~ 

OPEN VALID VALID VALID 
~ DATA-OUT DATA-OUT DATA-OUT 

~ Don't Care 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 

Au-AS 

(, .. 
I 

\,::\101 f 

W4./ ~CH ' 

V1H

"IL -

'i-1-

\';:L--

V Jr!_ 

i/-, --
J~ 

'~L -

\'ClH-

--------------- OPEN ---;,1--------------

R\Qj1 Don't Care 
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PAGE MODE READ-MODIFY-WRITE CYCLE 

SP t r RP, 

...." 
tAR ~ 

tpRWC tpRWC -- tRSH 

AO-A8 

I tRCD tap tcp 

yr ~I\ 
tcAS 

1\ 
tCAS teAS / / t ASC 

~RA~ r-
tASC t ASC tCWL 

tASR 
I tCAR 

teWLI- -tCAH ~- ~ 1 tRWL 

~~ COLUMN W-tfX:'0 (X ~XA COLUMN ~"XX :'1. COLUMN "'KJX IX ~X. ~X.: X :XX 
ADD ADDRESS ADDRESS :1(&xx:ti:l:.YI~T ADDRESS'l<lX:X :XXXXX. ~X. '\ IX lX.,jJ (XX 

'I ~RWH 
tw] twp tWSR twp 

~ WPB Y tCWD \U1 tcwn !\ V tCWD \...:; V 
'-:--' tRWlO 

...... 

tWSR ..!E!!': 

I tDZC ~~ tDZC '\ V tDZC I\F-/' 
t~ tDS - tDS tDS 

t 1 DZO 

,IN 

Wl,/IOl 

'" '''"' ~ '" > ..;;' ~ :=='" I[ ,~. ~K 
~ 'OR ~ ~ 'D' 1.=_-: Z 

LtOEA ~X) 
F" -:;r;1J(..x. l!l. 

tOEA ~ :X. :XXXX 

\ 
W4/I04 

L VOH-
OUT 

I t VALID 
tRAC~ ~ DATA-IN 

, 
'\ 

VALID 
DATA-OUT 

~ VALID !9!£ DATA-IN 
t( ~ VALID 
~. DATA-IN 

-----. 
\ --\--\' 

VALID VALID 
DATA-OUT DATA-OUT 

~ Don't Care 
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RAS ONLY REFRESH CYCLE 

'I I H -
RAS 

\'lL-

~'IH -
CL~S 

'ILL -

'tIH -
AD-AS 

VIL -

7IH -
--:,-E:/ -:.-':' 

'LL -

V1H-
DT/CS 

'IlL -

'.1']/101 
";OH -

OPEN 

-""-4/IG4 VOL -

~Don't Care 
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CAS BEFORE RAS REFRESH CYCLE 

VIH --
RAS 

vIL --

VIH -
CAll 

VT IJ -

WB/WE 
VIH --
VIL --

__ VIH -
DT/OE 

Va --

tRP 

'! 

~ 
Wl/IOl VOH-

I 

1 

________ ft_o~~ __ --__ --__ ------ OP~ ____________________ __ 

W4/I04 Vor, -- -f 

Note: AD'" A8=Don't Care 

~Don't C8re 
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HIDDEN REFRESH CYCLE 

RA8 

CAe; 

AO-A8 

Vll/IOI 

I 

Vnr -
VIL-

tCF.P 

V 1H -

VIL -

VIL -

TC524257P/Z/J~10, TC524257P/Z/J-12 

teAs 

VALID Df..TA-':,CjI 
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REAL TIME READ TRANSFER CYCLE 

vIH 
RAS 

V1L 

vIH -
CAS 

V1L -

VIH -
AO-A8 

VII, -

WB/WE 
VIH 

VIL 

Wl/IOl VOH -

W4//104 VOL -

VIH -
se 

V1L -

VIH -
rIN 

VIL -
SIOl 

I 
SI04 

LOUT 
vOH -

VOL -

tAR 

tCSH 

SAM START 
ADDRESS 

I~~ I I 

~ 
~ 

tSCA 

tSOH 

Note: SE=VIL 

OPEN 

I 
I 

Previous Row Data _1~_New Row Data 
I 

~ Don't Care 
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READ TRANSFER CYCLE (Previous transfer is write transfer) 

AD-AS 

Wl./I01 VOH -

W4/I04 VOL-

SC 

81,01 

8104 

'lIH -

r 
IN 

OUT 

~ _______________ ~~A,~S ________________ ~ 

'CSH 

'RSH 

, AS 

tCSD 

Inhibit Rising Transient 

Note: SE=VIL ~Don't Care 
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WRITE TRANSFER CYCLE 

RAS 

cAs 

AO-AS 

wn Vii' 

DT/OE 

W1/I 01 
\ 

W4/I04 

se 

SE 

VIH 

VIL 

VIH 

VJ JI 

·,,'1 L 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VIH 

VIL 

VIH 

VI L 

Previous I 

Row Data--: 

SAM START 
ADDRESS 

OPEN 

Inhibit Jl ng Transient 

- New Row Data 

OPEN ---------------------------------

~Don't Care 
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PSEUDO WRITE TRANSFER CYCLE 

AO-A8 

WV10l 

11'4/104 

se 

l" S~Ol 

8104 

OUT 

V1H -

VIL -

V1H 

VIL 

VOH 

VOL 

OPEN------------+--------------------

Inhi bit Rising Transient 

tSDD 

tSEZ 

VALID 
DATA-OUT 

I 

D~*.~:gUT }---------- OPEN I 

Serial _: 
o u tpu t Mod e I 
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 

VIH -
SO 

vIL -

SE 
vIH -

vIL -

vIH-

['" 
vIL _ 

S~Ol 

8104 

OUT 
VOH -

VOL -

SERIAL READ CYCLE (SE=VIL) 

~Don't Care 

VALID 
DATA-OUT 

_________ 1 \'---__ _ 

so 

SIal 

SI04 

Note: SE=VIL 

~ Don't Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 

~-tTHH _I 
___ ----'I \'---__ 

se 

VIH -

IN 
V1H -

SIOl VIL -

8r04 YaH -
OUT OPEN ----------------------------

VOL -

~ Don't Care 

SERIAL I,!RITE CYCLE CSE=Vn) 

VIL .-

------', ~\'------

se 

SIal 

SI04 

Note: SE=VIL 
~Donlt Care 
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RASTER OPERATION SET-UP CYCLE 

BAS 

CAEl 

AO-A3 

WB/Wr; 

Dl>'"6E 

·IN 

WI/lOI 

I 
W4/I04 

VIH 

VIL 

VTH --

VTL --

VrH --

VIL -

VIH --

VIL -

VIH -
VII, --

'.[ lH ---

VIL -

VOH --

I ~~, 
tOFF 

MA~;JK DATA 
WM2 

OUT 
~ _________________ OPEN ____________________________ ___ 

VOL --

Note: A4 'V AS Don't Care 
~ Don't Care 
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RASTER OPERATION WRITE CYCLE (EARLY WRITE) 

tFRC 

tFAAS 

VIH 
tAR 

AAS 
V1L 

tFCSH 

t.RCD 

VIH 
CAS 

VIL 

VIH 
AD-AS 

VIL 

V1H 

lA'IV WE 
VIL 

V1H 
15'f~/OE 

V1L 

V1H 

Mof VrL 

W4;I04 

OUT 
VOH 

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

~ Don't Care 
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RASTER OPERATION WRITE CYCLE (aE CONTROLLED WRITE) 

CAS 

AD-AS 

We/WE 

DT/OE 

W~IOl 

W4;/I04 

VIH -

VIL -

VIH -

VIL ~ 

VIH -

VIL -

VIH -

VIL -

VIH-

VIL -

VOH -

COLUMN 
ADDRESS 

[" 
OUT 

__________ ~ ________________ DPEN ____________________________ __ 

VOL -

~Don't Care 
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RASTER OPERATION READ-WRITE/READ-MODIFY-WRITE CYCLE 

tFRAS tRP 

RAS 
vIH-

,VIL-

'AR Ijf r\ 
tFCSH 

CAS 
VIH -

VIL-

.. ~ tRCD tFRSH ~ 

J \. \--
tFCAS J J -"" 

VIH-
AO-A8 

VIL-

ItASR ~ ..• ~ tCAR I 
~ r-- ROW ~ COLUMN IX :fl( ADDRESS ADDRESS ,-{JYX~'0 YffxP IX -
~ ~ 

tRCS tCWD 
~ 'FCWL 

r=- tFRWL 

W,,/WE 
VIH-

VIL - rIJ -w!l ~:.( ~iIIIiItJ:X \ eX 
'RWD 

t:= 'THH tOEH 

I 
DT/OE 

VIH-

VIL- WI i\ \ / "Xx ,x. IX [X~X'(fx 

~ , 'DZO tOED tDS tDH 
I--- "'"- r----, 

VIH-
IN 

WM'{ 
VIL-

W4./~O 
VOH -

UT 
VOL-

~ VALID v..X. ~X ,)\ :X,(1: 
DATA-IN 

-~ U\ tOEA 

~ tOEZ 
tRAC 

OPEN VALID 
DATA~OUT 

~Don't Care 
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RASTER OPERATION PAGE MODE WRITE CYCLE 

]AS 
VIH -

VIL -

VIH -
GAS 

VIL -

\'IH -
AO-AS 

VIL _ 

VIH -
Wl3/WE 

VIL -

DT/Of;; 
VIH -

VrL -

V 1H -
IN 

VIL -

W';"{ tDHR 

W4;/'IO 
VOH -

ODT -------------------------OPEN--------~t~1 -------------------------
VOL -

~Don't Care 
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OUTLINE DRAWINGS 

Plastic DIP 

Unit in rnm 

28 15 

14 

Note: Each lead pitch is 2. 54mrn. 

All leads are located "'ithin O.25mm of their true longitudinal position 

"'ith respect to No.1 and No.28 leads. 

All dimensions are in millimeters. 
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Plastic ZIP 

1~~ _______________ 3fi_2_±_a2 ________________ ~·1 

, , 

.11.a5±o.1 
--'--

a935MAX. 

:3 5 7 9 11 13 15 17 19 21 23 25 27 

2 4 6 8 ]0 12 l·t 16 18 20 22 24 26 28 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Unit in rnm 

3.05MAX. 

G;:l~ 

~
~ 

d ;S 
+I d 
o H 
....; 

'" d 

ZIP28-P-400 

+I 

"' t<:I 

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 SOJ 

21.0±Cl2 

17 

Cl71±Cll II Cl43±Cll ,., Cl1B@, 

Note: Each lead pitch is 1.27mm 

<II 
d 
-H 

'" d 
.-< 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

I DESCRIPTIONI 

THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 

The THM8l000AS is a 1,048,576 words by 8 bits dynamic ~1 module which assembled 
8 pes of TC5ll000AJ on the printed circuit board. 

The THM8l000AS 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 

THM8l000AS/AL, THM81020AL 
-70 -80 -10 

tRAC RAS Access Time 70ns 80ns lOOns 
tAA Column Address Access Time 35ns 40ns SOns 
tCAC ,CAS Access Time 20ns 20ns 25ns 
tRC Cycle Time 130ns 150ns l80ns 
tpc Fast Page Mode Cycle Time 40ns 45ns 55ns 

• Single power supply of 5V±10% 
• Low power 3520mW MAX. Operating (THM81000AS/AL-70, THM81020AL-70) 

3080mlv MAX. Operating (THM81000ASI AL-80, THM81020AL-80) 
2640mW MAX. Operating (THM81000AS/AL-IO, THM81020AL-10) 

44mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 
• All inputs and outputs TTL compatible 
• 512 refresh cyc1es/8ms 

IPIN CONNECTION! (TOP VIEW) 
THM81000AS 

'-0 
~ g~ ggCJ 
DQO (3) 
AO (4) 

nl mC~gB vss (9) 
DQ2 (! 0) 
A4 (! 1) 

AS (! 2) cDgCJ DQ3 (1 3) 
A6 (14) 
A7 (15) 

DQ4 (! 6) D~DD AS (17) 
A9 (! 8) 
N.C. (19) 

~Q5g~~ ~~D 
VSS (22) 
DQ6 (23) 
N.C.(24) CC] 
DQ7 (25) P 

~g~ ~ , 
N.C. (2S) CcJI 
N.C.(29) 
VCC (30) '=..--="', o 

THM81000AL THM81020AL 

BO 
B 
§ 
D 

o 
o o 
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IPIN NAl'·lESI 
AO 'UA9 Address Inputs 
DQO 'UDQ7 Data Input/Outputs 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

VCC Power (+5V) 

VSS Ground 
N.C. No Connection 
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I BLOCK DIAGRAMI 

DQ on I 

DQ I 

DO 2 

DQ 3 

AO -A9 

Vee 
vss 

~ 

,... 

~ 

I 

r 

r 

I 
1 

D 

r=:: AO-A9 

t-< AAs 

rc CAS 

f-c WRITE 

~f-

t-- D 

~ AO-A9 

r-c RAS 

f-c CAS 

I-< WRITE 

....... U-

I-- D 

~ AO-A9 

r-c RAS 

r-c CAS 

!-< WRITE 

~I-

r- D 

~ AO-A9 

f-c RAS 

f-<: CAS 

f-c WRITE 

r-It-

QU DQ4 I D QW 

~ AO-A9 

f-< RAS 

I-< CAS 

r< WRITE 

r-H-

QJ DQS I t--D QJ 

~ AO-A9 

f-c liAS 

rc CAS 

rc WRITE 

...... 11'-

QJ DQ6 r I-- D QJ 

~ AO-A9 

rc RAS 

r-c CAS 

r-c WRITE 

~I-

QJ DQ7 I I-- D QJ 
~ AO-A9 

f-< HAS 

f--c CAS 

f-< WRITE 

>-II-

I 
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ABSOLUTE MAXIMUM RATINGS 
iTEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0 ",7.0 V 1 
Outpu t Vol tage VOUT -1.0",7.0 V 1 
Power Supply Voltage VCC -1.0",7.0 V 1 

Operating Temperature TOPR o ",70 ·C 1 

Storage Temperature TSTG -55 "'125 ·C 1 
Soldering Temperature . Time TSOLDER 260 . 10 ·C . sec 1 

Power Dissipation PD 4.8 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O "'70·C) 
SYHBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1. 0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O "'70·C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT THMxxxxxx-70 - 640 
ICel Avera~e Power Supply Operating Current THMxxxxxx-80 - 560 rnA 3, 4 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) THMxxxxxx-10 480 
STANDBY CURRENT 

1CC2 Power Supply Standby Current 
(RAS=CAS=V1H) 

- 16 rnA 

RAS ONLY REFRESH CURRENT TIll1xxxxxx-70 - 640 
ICC3 Average Power Supply Current, RAS Only Mode THMxxxxxx-80 - 560 rnA 3 

(RAS Cycling, CAS~VIH: tRC=tRC MIN.) THMxxxxxx-lO - 480 
FAST PAGE MODE CURRENT THHxxxxxx-70 -- 480 

ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-80 - 400 mA 3,4 
RAS=VIL, CAS Address Cycling; tpC=tpc MIN.) THMxxxxxx-lO - 320 
STANDBY CURRENT 

ICCs Power Supply Standby Current - 8 rnA 
(RAS=CAS=VCC-O.2V) 
CAS BEFORE RAS REFRESH CURRENT THMxxxxxx-70 - 640 

1CC6 Average Power Supply Cur.rent, CAS Before RAS THMxxxxxx-80 - 560 mA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THMxxxxxx-lO - 480 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 80 ]JA 
(OV ~VIN ~6.5V, All Other Pins not under Test=OV) 

10(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 ].JA (DOUT is disabled, ov < VOUT < s.5V) 

VOH 
OUTPUT LEVEL 2.4 - V Output "H" Level Voltage (IOUT=-5mA) 

VOL 
OUTPUT LEVEL - 0.4 V Output "L" Level Voltage (IOUT=4.2mA) 

- C-5 -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPEP.ATING CONDITIONS 

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

THM8l000AS/AL, THM8l020AL 
SYMBOL PARAMETER -70 -80 -10 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8 13 
tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14 

tCPA Access Time from CAS Precharge - 35 - 40 - 50 ns 8 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 . 
tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9 

-
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 -
tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 
tRASP RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 100 100,000 ns 
tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS 
I--

CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

t~._ RAS to Column Address Del:!lY 
15 35 !\Jill Time 15 40 20 50 ns 14 

tCRP CAS to RAS Pre charge Time 5 - 5 - 5 - ns 

tcp CAS Precharge Time (Fast Page 
10 - 10 - 10 - ns Mode) 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

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

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR Column Address Hold Time 
55 referenced to RAS - 60 - 75 - os 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 
t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 

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

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

- C-6 -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THMSlOOOAS/AL, THM8l020AL 

SYMBOL PARAMETER -70 -80 -10 UNITS NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

t WCH Write Command Hold Time 15 - 15 - 20 - ns 

tWCR Write Command Hold Time 55 60 75 - ns referenced to RAS - -
twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead 
20 Time 20 - - 25 - ns 

tCWL 
Write Command to CAS Lead 

20 25 Time 20 - - - ns 

t DS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDE Data Hold Time 15 - 15 - 20 - ns 11 

tDHR 
Data Hold Time referenced 

55 60 75 
to RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tCSR 
CAS Set-Up Time (CAS before 

10 10 
RAS Cycle) 10 - - - ns 

tCER 
CAS Hold Time (CAS before 
RAS Cycle) 30 - 30 - 30 - ns 

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

tCPT 
CAS Precharge Time (CAS before 

40 40 50 RAS Counter Test Cycle) - - - ns 

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=0~70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO ~A9, W, CAS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO ~DQ7) - 15 pF 

- C-7 -
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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, 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 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tT=5ns. 

7. V1H(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 lOOpF. 

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 CAS leading edge. 

12. twcs 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. 
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 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' 

- C-8 -
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READ CYCLE 

AO-09 

DQO-DQ7 

VIH -

VIL -

tCSH 

V IH - ---::lr:-H:--------,j:,.......,. 

VIL-

VIH _~~TM~~~~~~~%---~--------------~-~~ 

VIL-~~~~~~~~~~ 

VOH--------
VIL-

VALID DATA-OUT 

t:LZa: "H" or "L" 
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EARLY WRITE CYCLE 

VIH----~~~------------~~ 

AO-A9 

WRITE 

VIL --

VIH -

VIL --

V IH __ ...,...,.-r-r.,...,...,,..,....rr7-rr:'f"'1'"r~ i----I---r.!..--------i 

tDHR 

~: "HOI or "L" 
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FAST PAGE MODE READ CYCLE 

AO-A9 

WRITE 

tRP 
~--------------------------------------~ ~ 

V I H - ---"""'1\:(.. b---:: 
V]L-- ~ ________________________________________ ~I ~ 

VIH- ~ 
VIL-J 

tcp -
/ 

CAH t ASC 
--1--1-- -

f\\ 

::: = Ij////////////// tCAC ~(! tCAC - -
tCPA 

tRSH 

W/$///;1///; 

VALID 

DQO~DQ7 ~:: =-----------------cr~T ~ ~~~.\,--.;.....,/k'DATA-OUT 

7f tOFF ~ tOFF T tOFF 

tCLZ J± tCLZ \ tCLZ 
-- - DATA-OUT VALID 

DATA-OUT 

EZZ21 : "H" or "Lit 
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FAST PAGE HODE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH -

vIL -

tCRP t RcD 

V1H --
CAS 

Vi!, --

tAR 

tASR 
tRAH t ASC 

VIH -
AO-A9 

V1L -

tASC 

tCAH 

V IH - -rr-n-.r-n-rT'T7777"7'. f----+-"-::...Jf----I 

tllAL 

tCAH tCAH 

tASC 

VIL -~~~~~LW~~--+-_+--~~~~--r_~~LW~+__+--~LL~~LL~~ 

DQO-DQ7 
V IH - TT':r-rr-rr-rn-rr7"T".r"';\ Jc,...------,L 

tLL2l "H" or "Lit 
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RAE ONLY REFRESH CYCLE 

tRC 

tRAS 
VIH - ---:i. f-~-----=--------1 1:,.------:i.. 

VIL _ 

VIH -
CAS 

VIL-

tASR 
tRAH 

VIH-
AO-AB 

EZZ2]: "H" or "L" 

Note: WRITE=tlH" or tiL", A9=tlH" or tlLtI 
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CAS BEFORE RAS REFRESH CYCLE 

YIH -

YIL - __ ..J 

YaH _------.1 
DQO-DQ7 )-------- OPEN -----------

Yo L -------=1 

l?ZZLl : "Hn or tiL II 

Note: ~="H" or "Ln~ AO'1JA9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRc 

VIH-
RAS 

VIL-

t RCD tRSH 

CAS 
VIH-

VIL-

tHAD tRAL 

tASR tAR 

VIH-
AO-A9 

VIL-

VOH-
DQO-DQ7 ----------1--<.1' 

VOL-

rzL21 : "H" or "L" 
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tRAS 

tCHR 

VALID DATA-OUT 
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HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

WRITE 

VIH---'" 

VIL -

VIH _-",--i-+-----"3I

VIL-

VIH

VIL-

tRSH 
tCHR 

VIH -777"T'7"'l~r7-rrr77"T"11. ..I:------L rrr777~r-rr777~r-rr777'"7'T.r-rrrr'1'"7'T.'f7"'1 

DQO-DQ7 V IL - ..J..L.r..LL.l.L.l.4'-'..L.f..j'..I..J..J 1"-----....., "-'-'...L..<..or..J...L..l..LJ.J..I...'-/..L.l..LJ.J..I...'-/..LL.L..l..L./.<'-/..LL.L. 

fZZZLl: "H" or "L If 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

HAS 
YIH-

VIL-

CAS 
V 1H -

VIL-

VIH-
AO-A9 

VIL-

READ CYCLE 

WRITE CYCLE 

twcs 

THM81000AS/AL-70, 10,10 
THMI182UAL-70,80, 10 

tWCH 

DQO _ DQ 7 Y 1 H _. -rl'7"7"7'"r")'7"7"-rn'7"7"7'"r").-r1"""T"r.r-r7777\ .J=--Y-AL-r-D-D-A-T-A _-r-N--:.L rT"7"77"7"7"7"-rn'7"7"rn"77"7"777"7"l 

VIL-~~~~~~~~~~~~ ___________ ~~~~~~~~~~_ 

[LL3: "H" or IfL tI 
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OUTLINE DRAWINGS 

• THM81000AS 

88.90±0.13 

75.95 MAX. 

I 
r- -

~ :-Etr. 

. 
-

lID ill] 
~mOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I 2.54 

82.1 4±0.3 

• THM81000AL 

~~ 

I 79.75±O.3 I 

~ ~ DDITIIJJO 
73.66±O.3 
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'" -0 
+I 
<0 -0 
'-

Unit: mm 

~ 
~ 

+0.13 
1.27-0.08 

5.0 8 MAX. 

II O.25±0.15 



OUTLINE DRAWINGS 

• THM81020AL 

2.54 

THE FRONT SIDE 
82.1 4±O.1 3 

II.O.5±0.1 

73.66±O.13 

THE BACK SIDE 
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Unit: nun 



THM81000AS/AL-70,80,10 
THM81020AL-70, 80, 10 

- C-20 -



TOSHIBA MOS MEMORY PROO'DeTS 

IDESCRIPTIONI 

THM91000AS/AL-70, 80, 10 
THM91021AL-70, 80, 10 

The THM91000AS/AL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000AJ on the printed circuit board. 

The THM91000AS/AL 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. 

IFEATURESI 

• 1,048 576 words by 9 bits organization , 
Fast access time THM91000AS/AL,THM91020AL 

-70 -80 -10 
tRAC RAS Access Time 70 ns 80 ns 100 ns 
tAA Column Address Access Time 35 ns 40 ns 50 

tCAC CAS Access Time 20 ns 20 ns 25 
t RC Cycle Time 130 ns 150 ns 180 
tpc Fast Page Mode Cycle Time 40 ns 45 ns 55 

• Single power supply of SV±10% 
• Lower power 3960mW MAX. Operating (THM91000AS/AL-70, THM91020AL-70) 

3465mW MAX. Operating (THM91000AS/AL-80, THM91020AL-80) 
2970mW MAX. Operating (THM91000AS/AL-10, THM91020AL-10) 
49.5mW MAX. Standby 

ns 
ns 
ns 
ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability 

• All inputs and outputs TTL compatible 
512 refresh cycles/8ms 

IPIN CONNECTIONI 
(TOP VIEW) THM91000AS THM91020AL 

---'0 IPIN NAMES I 
VCC ~;1 CAS 
DQO jg[: :J AO'V A9 

HI I~ 
VSS (9 
DQ2 10 
A4 11 
AS 12 
DQ3 13 
A6 14 
A7 15 
DQ4 16 
AS 17 
A9 18 
N.C, 19 

i-Q5 ~~ 
VSS 22 
DQ6 23 

~Q)' ~~ 

~h H 
DB 29 
vce 30 

gC: ::] 
~c::: ::] 
~[: ::::1 
~[: ::] 
g[: ::] 
g[: :] 
~c::: ::] 
gl: ::] 

DQO 'V DQ7 

D8 

Q8 

CAS 

RAS 

W 

CAS8 

VCC 

VSS 
N.C. 

0 
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Address Inputs 

Data Input/Outputs 

Data Input 

Data Output 

Column Address Strobe 

Row Address Strobe 

Read/Write Input 

Column Address Strobe 
Power (+5V) 

Ground 

No Connection 
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IBLOCK DIAGRAM I 

Vee 
VSS 

DQ 0 

DQl 

DQ 2 

DQ 3 

J 

r 

I 

I 

D oJ 
~ AD-A9 

of-< 'RAS'" 

l- f-< CE" 

-c WIff'iY 

ril--

I-D oJ 
~ AD-A9 

f-c 1!As-

I-<: CAS 

I-<: Wl'IT'!'E'" 

t-4f-

oJ 
~ 

D 

AD-A9 

~ RAS 

f-<~ 

~j'~~ i 
t---J 

kiDI loJ 
;.,J O ..... A9 .,. 

f-<: BAS 

f-< 'CAS 

f-< WRITE 

r1 
1 

D04 l 

DQ5 ~l 

DQ6 r 

DQ7 I 

D8 
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oU 
~ AD-A9 

I-< RAS 
0 t-< CAS'" 

-c WRITE 

f-ll-

l 
iD Q J 

.. ,,-
AD-AS ! -;I 

--< i1AS 

r-< CAS 

r WlITIT 

f-i~ 
-

f- D Q 

~ AD-A9 

-c RAS 

--< CAS 

--< WR'iTE 

f-ir 

c- D oJ 
~ AO-A9 

f-< RAS 

I-< CAS" 

f-< WRITE 

r;f-

If- D o r---o 
~ AD-A9 

Q8 

'----<: RAS 

rxs-
~ 

~f-
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 
Input Voltage VIN -1.0'1,7.0 V 1 

Output Voltage VOUT -1.0'1,7.0 V 1 

Power Supply Voltage VCC -1.0'1, 7.0 V 1 

Operating Temperature TOPR 0'1,70 °c 1 

Storage Temperature TSTG -55'1, 125 °c 1 

Soldering Temperature' Time TSOLDER 260' 10 ·C • sec 1 

Power Dissipation PD 5.4 W 1 

Short Circuit Output Current LOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=lt'V 70·C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 6.5 V 2 

VIL Input Low Voltage -1.0 O.S V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5Vctl0%, Ta=O'V 70·C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT THMxxxxxx-70 - 720 
ICCl Average Power Supply Operating Current THMxxxxxx-SO - 630 rnA 3, 4 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) THMxxxxxx-lO - 540 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - IS rnA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THMxxxxxx-70 - 720 
ICC3 Average Power Supply Current, RAS Only Mode THMxxxxxx-SO - 630 mA 3 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THMxxxxxx-lO - 540 
FAST PAGE MODE CURRENT THMxxxxxx-70 - 540 

ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-SO - 450 rnA 3, 4 
(RAS=VIL, CAS Address Cycling: tPC=cpC MIN.) THMxxxxxx-l0 - 360 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 9 rnA 
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THMxxxxxx-70 - 720 
ICC6 Average Power~ply Current, CAS Before RAS THMxxxxxx-80 - 630 mA 3 

Mode (RAS, CAS Cycling: tRC=tRC MIN.) THMxxxxxx-IO - 540 
INPUT LEAKAGE CURRENT 

II (L) Input Leakage Current, any Input -90 90 f,lA 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV;i; VOUT ~ 5.5V) -20 20 ]lA 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=5-rnA) 2.4 - V 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=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) 

THM91000AS/AL,THM91020AL 
SYMBOL PARAMETER -70 -80 -10 UNIT NOTES 

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

tRC Random Read or Write Cycle 130 150 180 - - - ns Time 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8 13 
tCAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tAA Access Time from Column 
35 40 50 8,14 Address - - - ns 

tCPA Access Time from CAS 
35 40 50 8 Precharge - - - ns 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

tOFF Output Buffer Turn-off Dealy 0 20 0 20 0 20 ns 9 

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

tRP RAS Precharge Time 50 - 60 - 70 - ns 
t RAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 

t RASP RAS Pulse Width 
80 100,000 80 100,000 100 100,000 (Fast Page Mode) ns 

t RSH RAS Hold Time 20 - 20 - 25 - ns 
tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns --t RCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay 
15 35 15 40 20 50 Time ns 14 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - ns 
-

tcp CAS Pre charge Time 
10 - 10 - 10 -(Fast Page Mode) ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 10 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - 0 - ns 
tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR Column Address Hold Time 
55 60 referenced to RAS - - 75 - ns 

tRAL Column Address to RAS Lead 
35 Time - 40 - 50 - ns 

t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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THMll088AS/AL-18; 88,18 
TH.I02IAL-70, 88, II, 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THM91000AS/AL,THM91020AL 

SYMBOL PARAMETER -70 -80 -10 UNITS NOTES 

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

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

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

tWCH Write Command Hold Time 15 - 15 - 20 - ns 

tWCR Write Command Hold Time 55 60 75 - ns 
referenced to RAS - -

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead 20 20 - 25 - ns 
Time -

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

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDR Data Hold Time IS - 15 - 20 - ns 11 

tDHR Data Hold Time referenced to 55 60 75 RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tCSR 
CAS Set-Up Time 10 - 10 - 10 - ns (CAS before FUUr Cycle) 

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

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

tCPT CAS P~harge Time (CAS be-
40 - 40 - 50 -fore RAS Counter Test Cycle) ns 

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

CAPACITANCE (VCC-5Vtl0%, f=IMHz, Ta=O'V 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
CIl Input Capacitance (AO'V A9, W, CAS, RAS) - 60 pF 
C12 Input Capacitance (D8, CASS) - 7 pF 
CDQ I/O Capac! tance (DQO 'V DQ7) - 15 pF 

Co Output Capacitance (Q8) - 10 pF 
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THM91000AS/AL-70, 80, 10 
THM91021AL-70, 80, 10 

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. I CC1 ' I CC3 ' I CC4' 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 20011S 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. VIH(min.) and VIL(max.) are reference levels for measuring [lIDJng of input 
signals. Also, transition times are measured between VIH and VIL' 

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

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 CAS leading edge. 

12. twcs 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 tRCD(max.) limit insures that tRAC(max.) 
tRCD(max.) is specified as a reference point only: If tRCD is 
specified tRCD(max.) limit, then access time is controlled by 

14. Operation within the tRAD (max.) limit insures that tRJ\C (max.) 
tRAD (max.) is specified as a reference pain t only: If tRAD i" 
specified tRAD(max.) limit, then access time is controlled by 

-- C-26 -

can be 
greater 
tCAC' 

can be 
greater 
tM-

met. 
than the 

met. 
than the 



READ CYCLE 

lRAD 

IVtllTE VIH

V IL - ... 1 ~~-,-"-+--,-,,,-,-,-,-,-..... ~ 

DQO-DQ7 VOH-
------------- OPR~ 

,Q8 VOL-

- C-2? -

THMll 088AS/AL·70;'~ 81~ '18 
THM81021AL-78, 80,10" 

IRRH 

tCAC 

VALID DATA-OUT 

~: "H" or "L" 



THM81000ASIAL-70, 80, 10 
THM81021AL-70, 80, 10 

EARLY WRITE CYCLE 

1IAS" 
VIH -

VIL -

CIT 
VIH 

VIL 

VIH 
Aa-A 9 

VlL 

,DB VIL 

IRC 

tRAS 
IRP 

IRCD IRSH 

ICSH 

lRAL 

ICAH 

VALID DATA-IN 

~ : "HI' or "L" 
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THM91010AS/Al~78, 88,18 
THM9102IAl .. 78, 80, 10 

FAST PAGE MODE RE~ CYCLE 

WRITE VIH 

V1L 

VOH 
DQO-DQ7.Q8 

VOL 

tRP 
r--

1\ Vr----1"-
tCSH tpc IRSH 

tCRP 'RCD tCAS ICp 'CAS 'CP ICAS ICRP 

I 
'-- ~ r--- I---

J 1\\ V 1\\ V 1\\ V 

'AR 'RAL 

'ASR tRAH 'ASC 'CAH 'ASC 'CAH Ls( 'CAH 
-F J-- r--- l- f-- r- t- r0- t-- I 

Wx ROW -~ COL ~ COL ~ COL WIIILlIII;j 
'RAD 

11~ :, '~~ ~ tncH 

'RCS 'RC tnCH 

rt-' Uf-- H 
//////////// 'CAC r 'c.-\c VI 'CAC ~ 

f--- I--
I lAA 

f---
tM tAA 

1 
'RAC tCPA tCPA 

~r-~ ~j<-~ ~~ I~ 
/ 1)",-

~AiIDI VALID I VALID I 
DATA~<:P tOFF DAT A-<XJT t OFF Il.\TA-:Q\J1' tOFF 

tCLZ tCLZ tCLZ 
- - I--

fZZZ) "H" or \'L" 
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THM91021AL-70, 80, 10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

__ VIH 
WRITE 

fZ22}: \\H" or "L" 
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RAS ONLY REFRESH CYCLE 

TH.10101I/AL-10, 80, 10 
THM91021AL-70, 88, 10 

"IH - -,.,;,--++-----------------""*"---r---
VIL -

lASH 1MB 

rzz=J = \\H" or "LN 

- C-31 -



THM91000AS/AL-70, 80, 10 
THM91021AL-70, 80, 10 

CAS BEFORE RAS REFRESH CYCLE 

VUI -
,~.A ~ 

\LL - __ oJ 

tOFF 

terlR 

DQO-DQ7. Q8 vOH - J_------ OPEN 

VOL ------J 
~: "H" or "L" 

Note: HRITE="H" or ilL" > AO 'V A9="H" or ilL" 
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HIDDEN REFRESH CYCLE (READ) 

IRC 

t1lAS 

RAS 
VIH -

VlL -

IRCD IRSH 

VIH 
CAS 

VIL 

tRAD 

VOH -
DQO'-DQ7, Q8 --'---------'-----1-< 

VOL -
ICLZ 

- G-33 -

IRP 

THM.l000A1/Al-70, 88~,ID 
THM91D%IAL-78, 80, 10 

IRAS 

tCHR 

VALID DATA-OUT 

~ "HI! or \'L" 



THM91000AS/AL-70, 80, 10 
THM91021A~70, 80, 10 

HIDDEN REFRESH CYCLE (WRITE) 

V IH - --±--;--;-----::i. 

VIL -

tRSH tCHR 

twal 

~ VII! - JJJJJJJJJJAt----t-t-t\\-'P----j/JJJJJJJJJJJJJJJJJJJJJJJJ, 
" .. U~ VIL - ' I I! II! I!I/I>t -¥( ( I! ( I ( (( I I! I! ( I ( (I ( ( I ( (I 

L ],; --, 
DQO-DQ7 • DB V IH - VALID DATA-IN 

V IL - ..L..4 ........ ....I.-L-':-''-'-'-L..J 1"-----4 

tDHR 

~ "H" or \\L" 
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THMelO!IAL-18, 80,18 

CAS BEFORE ]AS REFRESH COUNTER TEST CYCLE 

IRSH VIH -
RAS 

VIL -
leAS 

VIH -
CAS 

VIL --

V IH - .,...,.-,--r-r7-r,..,,....,..'-r-7-rr7"7"\ ,J,:------:>I. rr-r-r-,--h'-r-~""""""""""-r-? 
AO-Ag 

V IL -- "-,-...I-..{......I......l.....I-L....!.-'--'--I.....t....J.-I-'-..L.J 1'---:--:-----':; ,,-'-....... '-'-:...t...:-''++-'''-'-...I..-c..-.....L. 

READ CYCLE 

DQO-DQ7 VOH - -------
,Q8 VOL--

VIH __ ~r7-,-r7-r,..,-,-~~~-,-~~-~~----------~7-+---~r-r~ 

WRITE 

tVRITE CYCLE 

f2L2) "HI/ or "L" 
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THM91000AS/AL-70,80, 10 
THM91021AL-70, 80, 10 

OUTLINE DRAWINGS 

• THM91000AS 

88.90±0.13 

79.62MAX. 
, I 

Unit in mm 

'I ¢ 3.18±O.lS 

~I{~ DOD D vl 
I'ix' '" 

Jf, Jtnt-DOO DO DOD DDDO'lfEfD151fEJ DciiJD 0 ooEfB'5 
1 12.54 

82.14±0.13 

, THM91000AL 

82.U±0.3 

1* -" 

~ ~ DDDDDDDDD 
2.54 ,II. O.S±O.l 

73.66±0.3 
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;; 
-Ii 

'" -ci -
3.38 

1 
.11 

I J_u +0.13 JI7 - 0.08 

S.08MAX. 

S.08MAX. 

1 

• ij 0.25±0.15 



OUTLINE DRAWINGS 

• THM91020AL 

THE FRONT SIDE 

88.9±O.3 

2.54 

73.66±O.3 

THE BACK SIDE 
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T8.1008AS/Al-70, 88, to 
TH"91021AL-70,.80, 10 

Unit in mm 

B.89 MAX. 

.11 O.S±O.l 
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THM9l021AL-70, 80, 10 
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TOSHIBA MOS MEMORY PRODUCTS 
THM91010AS-70, 80, 10 

IDESCRIPTION! 

The THM91010AS is a l,04S,576 words by 9 bits dynamic RAM module which assembled 
9 pes of TC511000AJ on the printed circuit board. 

The THM91010AS is optimized for <application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

!FEATURES! 

• l,04S,576 words by 9 bits organization 
• Fast access time 

THM91010AS-70 THM910l0AS-80 THM9l0l0AS-10 
tRAC RAS Access Time 70ns 
tAA Column Address Access Time 35ns 
tCAC CAS Access Time 20ns 
tRC Cycle Time l30ns 
tpc Fast Page Mode Cycle Time 40ns 

• Single power supply of 5V±10% 
• Low power 3960mW MAX. Operating (THM9l0l0AS-70) 

3465mW MAX. Operating (THM91010AS-SO) 
2970mW MAX. Operating (THM9l0l0AS-10) 
49.5mW MAX. Standby 

SOns lOOns 
40ns SOns 
20ns 25ns 

l50ns lOOns 
45ns 55ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

All inputs and outputs TTL compatible 
• 512 refresh cycles/Sms 

[tiN CONNECTION! 

(TOP VIm) 
vee (]) 
CA"S" (2) 
DQO (3) 
AO (4) 
Al (5) 
DQI (6) 
A2 (7) 
A3 (8) 
V SS (9) 
DQ2 (J 0) 
A4 (J!) 
A 5 (J 2) 
DQ3 (13) 
A6 (14) 
A 7 (I 5) 
DQ4 (16) 
A8 (J 7) 
A 9 (J 8) 
N.C. (19) 

i Q5 g~~ 
VSS (22) 
DQ6 (23) 
PDI (24) 
DQ7 (25) 

~g~~ 
N.C.(28) 
DQ8 (29) 
vee (30) 

'-0 
gl I 
gl I 
~I I c 

~I I 
gl I c 

I gl 
~I I 
0 

gl I 
gl I 

0 
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!PIN NAMES! 

AO 'V A9 Address Inputs 

DQO 'V DQ8 Data Input/Outputs 

CAS Column Address Strobe 

RAS Row Address Strobe 

\1 Read/Write Input 

PD1, 2 Presence Detect (Ground) 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 



THM91010AS-70, 80, 10 

IBLOCK DIAGRAM I 

D QO 1 

D QI'"' r 

D Q2 r 

D Q3~ r 

AO-A9 

PDI 

PD2 

VCC 
VSS 

~ 

,.. 

,.. 

~ 

~ 
f-c 
f-c 

-
~ 
-< 
f-< 
f-< 

t-

~ 
f--< 
I--< 
I--< 

t-

~ 
I--< 
I--< 
I-< 

D 

AD-A9 
RAS 
CAS 
WRiTE 

f-"it-

D 
AD-A9 
RAS 
C'AS 
WRITE 

f-n--

D 

AD-A9 

RAS 
CAS' 
V'llUTE 

HI--

D 
AD-A9 

BAS 
CAS 
WRITE 

~1 

QJ 1 QW DQ4 D 
~ AO-A9 

~ RAS 

r-< CAS 

r-< WRITE 

-II--

QJ DQ5 ~ 
[ 

r- D QJ 

~ AD-A9 

r-< RAS 

r-< CAS 

r-< WRITE 

~I-

QJ r QJ DQ6 C D 
AD-A9 

~ RAS 

r-< CAS 

f-< WRITE 

f-Il-

QJ DQ7 ~ r r- D QJ 

~ AD-A9 

~ 
HAS 
CAS 

f-< WRITE 

r 
J-n--f 
I 

QJ DQ8 lLS 
D 
AO-A9 

.~ iiAS 
CAS 
WRITE 

f-II-
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TI.81010AS-70, 88, 10 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltate VIN -1.0"'7.0 V 1 
Output Voltage VOUT -1.0 'V 7.0 V 1 

Power Supply Voltage VCC -1.0"'7.0 V 1 
Operating Temperature TOPR o 'V 70 ·C 1 
Storage Temperature TSTG -55 'V 125 ·C 

Soldering Temperature . Time TSOLDER 260 • 10 ·C . sec 1 
Power Dissipation PD 5.4 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=0"'70·C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
VCC Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 6.5 V 2 
VIL Input Low Voltage -1.0 O.S V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0"'70·C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT THM9l0l0AS-7O - 720 

ICCI Average Power Supply Operating Current THM9l0l0AS-SO - 630 rnA 3, 4 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) THM9l0l0AS-10 - 540 
STANDBY CURRENT 

ICC2 
Power Supply Standby Current - IS rnA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THM9l010AS-70 - 720 
ICC3 Average Power Supply Current, RAS Only Mode THM9l0l0AS-SO - 630 rnA 3 

(RAS Cycling, CAS::VIH: tRC=tRC MIN.) TH}f9l0l0AS-10 - 540 
FAST PAGE MODE CURRENT THM910l0AS-7O - 540 

ICC4 Average Power Supply Current, Fast Page Mode THM9l0l0AS-SO - 450 rnA 3, 4 
(RAS=VIL, CAS Address Cycling: tpC=tpc MIN.) THM9l0l0AS-10 - 360 
STANDBY CURRENT 

ICC3 Power Supply Standby Current - 9 rnA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM9l0l0AS-70 - 720 

ICC6 Average Power Supply Current, CAS B Jore RAS THM9l0l0AS-SO - 630 rnA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THM910l0AS-10 - 540 
INPUT LEAKAGE CURRENT 

1I(L) Input Leakage Current, any Input -90 90 \.lA 
(OV f VIN f 6. 5V, All Other Pine not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 )JA (DOUT is disabled, OV :;. VOUT:;' 5. Sv) 

VOH OUTPUT LEVEL 
2.4 V Output "H" Level Voltage (IOUT=-5rnA) -

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2mA) - 0.4 V 
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THM91010AS-70, 80, 10 

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

THM91010AS-70 THM91010AS-80 THM91010AS-10 
SYMBOL PARAMETER UNIT NOTE5 

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

tRc 
Random Read or Write Cycle 

130 150 180 Time - - - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tAA Access Time from Column 
Address - 35 - 40 - 50 ns 8,14 

tCPA Access Time from CAS Pre-
35 40 50 8 charge - - - ns 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

tOFF Output Buffer Turn-off 
0 20 0 20 0 20 9 Delay ns 

tT Transition Time 3 50 3 
(Rise and Fall) 

50 3 50 ns 7 

tRP RAS Precharge Time 50 - 60 - 70 - ns 
t RAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 

t RASP RAS Pulse Width 
70 100,000 (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 -
,,~ 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD RAS to Column Address 
15 35 15 40 20 50 14 Delay Time ns 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - us 

tcp CAS Precharge Time 
10 - 10 - 10 - ns (Fast Page Mode) 

1---'" 
. __ . 

tASR , Address Set-Up Time 0 - 0 - 0 - ns 
I---"'~ "- --'"-~ 

tRAB ! C".'w Address Hold Time 10 - 10 - 15 - ns 
~---:--

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

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 55 60 75 
referenced to RAS - - - ns 

tRAL Column Address to RAS 
35 40 50 Lead Time - - - ns 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THM91010AS-70 THM91010AS-80 THM91010AS-10 
SYMBOL PARAMETER UNITS NOTES 

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

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

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

tWCR Write Command Hold Time 15 - 15 - 20 - ns 

tWCR Write Command Hold Time 55 - 60 - 75 - ns 
referenced to RAS 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL 
Write Command to RAS Lead 20 20 - 25 - ns 
Time -

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

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 15 - 15 - 20 - ns 11 

tDHR 
Data Hold Time referenced 

55 60 75 
to RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

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

tCHR 
CAS Hold Time 

30 30 30 (CAS before RAS Cycle) - - - ns 

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

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

Cycle) 
t CPN CAS Precharge Time 10 - 10 - 15 - ns 

CAPAC ITANCE (Vcc=5V±10%, f=lMHz, Ta=O 'V 70· C) 

SYMEOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO'VA9, W, CAS, RAS) - 60 pF 
CDQ I/O Capacitance (nQO'VDQ8) - 15 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, ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values 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 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. 

12. twcs 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 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' 
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READ (''YCLE 

fZZ2) "H" or "L" 

- C-45 -



IH.,91010AS-70, 80, 10 

,EARLY WRITE CYCLE 

AO-A9 

Vm-
WRITE 

VIL-

tDH 

VIH-
DQO-DQ8 

VIL-

"H" or "L" 
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FAST PAGE MODE READ CYCLE 

vIH------"">I

VIL-

V IH _--.,:10:--++------.1::"'"' 

VIL-

V1H
.'1.0--.'1.9 

V1L-

TH191010AS-78, 80, 10 

wrnn; 
'i lH - -r7-r-T-rr-r-rrrrr.,.....,-r::!:,.--+---!-----j!rr.,...,j"--!-----j:!:r-r.,...,j,,--!---!--...,t,,,...,...,"'M....., 

VIL--~~~~~~UJ 

DQO-DQ3 

~ "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Vm----.,j. 

VIL-

VIH _--:1.:--++-----""*""\ 
VIL -

Vm
AO-A9 

VIL-

DQO-DQ8 
V IL -J...I.."-'-'U-LJ...I..+-'--t..LJ.'-LJ r----...;;....~ 

fZl1: "H" or "L" 
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RAS ONLY REFRESH CYCLE 

t RC 

tRP 
tRAS 

RAS 
VIH -

¥IL -

tCRP 

CAS 
¥IH -

¥IL -

tASR tRAH 

AD-AS 
¥IL -

~: "Htf or "L" 

Note: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE BAS REFRESH CYCLE 

tCHR 

VIM -

VIL - __ --' 

VOH _------"L 
DQO-DQ8 }-------- OPEN 

VOL ------"""'"1 

EZ:'2J: "H" or "L" 

Note: WRITE="H" or "L". AO'V A9="H" or "L" 

- C-50 -



THII81010AS .. !O, 88, 18 

HIDDEN REFRESH CYCLE (READ) 

tRAS 

tCHR 

YIH ----~--~+---------~ 

YIL -

YIH-

VIH __ T77Trrrn~77Tr~4-~----------~~rn~7TTrrM~TT~~~~~rM~~ 
WruTE 

Y I L -..kI...i-L.L..I...u..J. ...... .L..I...r..t 

YOH --
DQO-DQ8 

VOL -
----------------4--U VALID DATA-OUT 

fZZLl "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

tRC 

tRCD tCHR 

VIH __ --~--4-~--------~ 

VIL --

AO-A9 

Vffi ---r,~~~~~~~~----------Lr~~~~~~~~~rr.~~~~~ 
DQO-DQ8 

V IL -- .LL1..k<c...u'J....l,.LLl...I..I...I.J 

"Hn or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

V I H -- -----.1.. 

VIL --

VIH -

VIL --

V IH -- -r.""""'''''''''',..,...,-rr-rr'r7'"l-rr-rr'r7'"l-rr-rrtl. J=-----''----~ r,...,...,-rrm-n-rM:"'-'.,..,...,,..,....,..,..,..,...., 
VIL--~~~~~~~~~~~~r---~----~ ~~~~~~~~~~ 

READ CYCLE 

VOH-
OOO-DQ8 ------

VOL --

VIH--~~"""""7TTr~"""""""""'Trrn....,...,...,....,.±-----+4--------------~-4---~~~ 

V I L -- .I.J-.L..LJ.J..LJ...I...I..<,--,-":..J...J..J..J.-'-'-",-,-",-,-I..I...J 

WRITE CYCLE 

tRWL 

tCWL 

twcs tWCH 

VIH---rrr"'rn~..,....,.~rr~rn~~ r-----~-r~w~p--__ ~ 
VIL-- .. ~~~~~~~~~~~r-___ -+~ ____ ~~:..w.~"'-'-~:..w.-'-'-"'-'-~~ 

tDS 

000-008 VIH-
VALID DATA-IN 

V lL -'-'-I...J.J.~~~.LI...U-I.~.u..LJ..J...J.J.../ 1"--------"[" "'...l...I...L..I...<'...L..L-'-'-.!....L..I.~.LI...~~.J.. 

fZL21 flH" or "L" 
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OUTLINE DRAWINGS 

• THM91010AS 

Unit in nun 

88.9 0±0.1 3 

79.62MAX. ,- -, if> 3.18± 0.05 

V l - r-- - -

~ ~ 

~ I~~ .... 61 '" g>' 0 

~ JD +l 

'" -JIDOOODDDODDDDDDDODOddDDDODDDDD 0 

I 2.54 

--
I 

82.14±0.13 3.38 r 
5.0 SMAX. 
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TOSHIBA MOS MEMORY PRODUCTS 
THM362500AS-70, 80, 10 

IDESCRIPTION! 
The THM362S00AS is a 262,144 words by 36 bits dynamic RAM module which assembled 8 
pcs of TC5l4256AJ and 4 pcs of TMM5l256T on the printed circuit board. The 
THM362500AS can be as well used as 524,288 words by 18 bits dynamic RAM module, by 
means of connecting DQO and DQ18, DQl and DQ19, DQ2 and DQ20, ••••••• , DQ17 and DQ35, 
respectively. The THM362500AS 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 FEATURES! 

• 262,144 words by 36 bits organization 
• Fast access time and cycle time 

THM362500AS-70 THM362500AS-80 THM362S00AS-IO 
tRAC RAS Access Time 
tAA Column Address Access Time -
tCAC CAS Access Time 
tRC Cycle Time 
tpc Fast Page Mode Cycle Time 

• Single power supply of 5V±5% 
• Low power 

5,28OmW MAX. Operating(THM362500AS-70) 
4,62OmW MAX. Operating(THM362500AS-80) 
3,96OmW MAX. Operating(THM362500AS-lO) 

66mW MAX. Standby 

!PIN CONNECTIONI (TOP VIEW) 

ecaS:85:sl 
1 36 37 72 

1 VSS 13 Al 25 DQ24 37 DQ17 49 DQ9 61 
2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 
3 DQ18 15 A3 27 DQ25 39 VSS 51 DQIO 63 
4 DQl 16 A4 28 A7 40 CASO 52 DQ28 64 
5 DQ19 17 AS 29 NC 41 CAS2 53 DQll 65 
6 DQ2 18 A6 30 VCC 42 CAS3 54 DQ29 66 
7 DQ20 19 NC 31 A8 43 CASI 55 DQ12 67 
8 DQ3 20 DQ4 32 NC 44 RASO 56 DQ30 68 
9 DQ2l 21 DQ22 33 NC 45 NC 57 DQ13 69 

10 VCC 22 DQ5 34 RAS2 46 NC 58 DQ3l 70 
11 NC 23 DQ23 35 DQ26 47 W 59 VCC 71 
12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 

. 70ns 80ns lOOns 
3Sns 40ns SOns 
20ns 20ns 25ns 

l30ns lSOns l80ns 
40ns 45ns 55ns 

• CAS before RASrefresh, RAS only 
refresh, Hidden refresh, and Fast 
Page Mode capability. 

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

IPIN NAf.1ESI 

AO"'A8 Address Inputs 
DQO", DQ35 Data Input/Outputs 
CASO'" CAS3 Column Address Strobe 
RASO, RAS2 Row Address Strobe 

DQ14 W ReadNrite Input 
DQ33 VCC Power (+5V) 
DQ15 VSS Ground 
DQ34 NC No Connection 
DQ16 
NC 
*1 -70 -80 -10 
*2 *1 VSS VSS VSS 
*3 *2 NC NC NC 
*4 *3 VSS NC VSS 
NC *4 NC VSS VSS 
VSS 
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IBLOCK DIAGRAM I 
CAS 0 
RXS 0 

CAS 1 

CAS 3 

W 
AO-AS 

CAS 
RAS + OE 

>----C CAS 

RAS rOE 
~CAS 

RAS 

CAS 
RAS 

+0£ 
>-----() CAS 

RAS 

+OE 

J CAS 
RAS 

CAS 
RAS 

.r<OE 
r---c CAS 

."'~ 

.r=0E 

] CAS 
RAS 

CAS 
RAS rOE 

-----<1 CAS 
R.A.S 

rOE 

"---1 CAS 
ii:AS 

MO 

W 

'I 
Ml 

w 

T 
M2 

W 

y 
M3 

W-

Y 
M4 

W-

I 
M5 

W 

y 
M6 

Vi 

Y 
M7 

'iT 

Y 
M8 
W 

y 
M9 

w 

Y 
M.1C 

w 

Y 
M11 
W 

1 

I/O 1 
I/O 2 
I/O 3 

AO-8 I/O 4 

I 
I/O 1 
I/O 2 
I/O 3 

AO -8 I/O 4 

I 
AO-8 

Din I------J 
Dout 

I 
I/O 1 
I/O 2 
I/O 3 

AO-S I/O 4 

I 
I/O 1 
I/O 2 
I/O 3 

AO-S I/O 4 

I 
Din 

AO-8 Dou t 1-----1 
I 

I/O 1 
I/O 2 
I/O 3 

AO-8 I/O 4 

I 
~g ~ 
1/0 ;$ 

AO-8 I/O 4 

I 
Din 

AO-8 Do u t 1-----1 
I 

I/O 1 
I/O 2 
I/O 3 

AO-8 I/O 4 

I 
I/O 1 
VO 2 

AO-8 
I/O 3 
I/O 4 

I 
Din 

AO-S Dout~ 

I 
Vcc o~--------....~---- MO-ll 

1 CO-II 
Vss o----~-----II _____ ~P-ll 
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DQO 
DQ I 
002 
003 

004 
005 
006 
007 

DQ8 

009 
00 10 
0011 
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00 13 
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00 15 
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00 17 

00 18 
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00 22 
00 23 
00 24 
00 25 

00 26 

00 27 
00 28 
DQ 29 
00 30 

DQ 31 
DQ 32 
00 33 
00 34 

00 35 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0 "v7.0 V 1 

Output Voltage VOUT -1.0"v7.0 V 1 
Power Supply Voltage VCC -1.0"v7.0 V 1 
Operating Temperature TOPR o "v 70 ·C 1 
Storage Temperature TSTG -55 "v 125 ·e 1 
Soldering Temperature . Time TSOLDER 260 • 10 °c . sec 1 
Power Dissipation PD 7.2 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Tc-O "v70·e) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vce Supply Voltage 4.75 5.0 5.25 V 2 
VIR Input High Voltage 2.4 - 6.5 V 2 
Vn Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=SV±S%, Tc=O'V]O°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

OPERATING CURRENT THM362S00AS-70 - 960 

ICCI Average Power Supply Operating Current THM362500AS-BO - 840 rnA 3,4 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) THM362500AS-IO - 720 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 24 rnA 
(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT THM362S00AS-70 - 960 

ICC3 Average Power Supply Current, RAS Only Mode THM362500AS-BO - 840 rnA 3 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THM362500AS-IO - 720 
FAST PAGE MODE CURRENT - 720 

ICC4 Average Power Supply Current, Fast Page ModE THM362S00AS-80 - 600 rnA 3,4 
(RAS=Vn, CAS Address Cycling: tpC=tpc MIN.) THM362500AS~10 - 480 
STANDBY CURRENT 

ICCS Power Supply Standby Current - 12 rnA 
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM362S00AS-70 - 960 
ICC6 Average Power Supply Current, CAS Before RAS THM362S00AS-80 - 840 mA 3 

Mode (RAS, CAS Cycling: tRe=tRc MIN.) THM362S00AS-IO - 720 
INPUT LEAKAGE CURRENT 

11(L) Input Leakage Current, any Input -120 120 vA 
(OV ~ VIN ;:; 6. SV, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT 
-10 10 VA (DOUT is disabled, OV $. VOUT ~ S. 2SV) 

IOH OUTPUT LEVEL 
2.4 V Output "H" Level Voltage (IOUT=-SmA) 

-

VOL OUTPUT LEVEL 
- 0.4 V Output "L" Level Voltage (10UT=4 . 2rnA) 
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THM3625ooAS-7o, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±5%, Tc=0'V70°C)(Notes 5,6,7) 

THM362500AS- THM362500AS- THM362500AS-
SYMBOL PARAMETER 70 80 10 UNITS NOTES 

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

tRC 
Random Read or Write Cycle 130 150 - 180 - ns 
Time -

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tAA Acc(,ss Time from Column - 35 - 40 - 50 ns 8,14 
Address 
----

tCPA 
Access Time from CAS 35 40 - 50 8 
;'recharge - - ns 

t----- --
teLz CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

tOFF Output Buffer Turn-off 0 20 
Delay 

0 20 0 20 ns 9 

- --

tT Transition Time 
3 50 3 50 3 50 6 

(Rise and Fall) 
ns 

tpJ' RAS Pre charge Time 50 - 60 - 70 - ns 
-
t RAS RAS Pulse Wid th 70 16,000 80 16,000 100 16,000 ns 

RAS Pulse Width 
-. - ----- f.---._- f---

t RASP 
(Fast Page Mode) 70 100,000 80 100,000 100 100,000 ns 

tRSH ill Hold Time 20 - 20 - 25 - ns 
--- --- ---

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 18,000 20 10,000 25 10,000 ns 
--

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 
0' 

tRAD RAS to Column Address Delay 15 
Time 

35 15 40 20 50 ns 14 

tCRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

tcp CAS Precharge Time 
10 10 0 10 (Fast Page Mode) - - ns 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

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

tCAR Coluum Address Hold Time 15 - 15 - 20 - ns 
,. 'f--t--

tAR Column Address Hold Time 55 - 60 - 75 - ns 
referenced to RAS 

tRAL Column Address to RAS 35 - 40 - 50 - ns 
Lead Time 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
THM362500AS- THM362500AS- THM362500AS-

SYMBOL PARAMETER 70 80 10 UNITS NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

t RCH Read Connnand Hold Time 0 - 0 - 0 - ns 10 

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

t WCH Write Command Hold Time 15 - 15 - 20 - ns 

tWCR Write Command Hold Time 55 60 75 - ns 
referenced to m - -

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead 
20 20 25 

Time - - - ns 

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

tDS Date Set-Up Time 0 - 0 - 0 - ns 11 
tDH Date Hold Time 15 - 15 - 20 - ns 11 

tDHR 
Data Hold Time referenced 

55 60 75 
to RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 
-~ 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tCSR C~Set-Up Time 
(CAS before RAS Cycle) 

10 - 10 - 10 - ns 

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

tRPC RAS to CAS Pre charge Time 0 - 0 - 0 - ns 
CAS Precharge Ti~e 

tCPT (CAS before RAS C0unter 40 - 40 - 50 - ns 
Test Cycle) 

---
tCPN CAS Precharge Time 10 - 10 - 15 - ns 

CAPACITANCE (VCC=5V±5%, f~l}rnz, Tc=0~70°C) 

SYMBOL PARAMETER !-fIN. MAX. UNIT 
CIl Input Capacitance (AO~A8) - 88 pF 
CI2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (PASO, RAS2) - 42 pF 

CI4 Input Capacitance (CASO 'V CAS3) - 36 pF 
CDQl I/O Capacitance (DQO ~ 7, 9 ~ 16, 18 ~ 25, 27 'V 34) - 17 pF 

CDQ2 I/O Capacitance (D08, 17, 26, 35) - 22 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. 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 20~s is required after power-up followed by 8 ~ 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 t T=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 lOOpF. 

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 tacH or tRRH mnst be satis.fied for a r~ad cyc1l?"! 

11. These parameters are referenced to CAS leading edge. 

12. twcs 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 tRCS(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-

- CoSO -
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VIH --TTTT~~77777TTT~~~,j~----T--------------------------t----~7Tn 

V1L --~~LLLL~~~~LLLL~ tCAC 

VO H --
DQO-DQ35 ------- OPEN -------------q VALID DATA OUT 

rzza: "H" or "Ltl 
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VIH 
WRITE 

twP 

VIL 

tRWL 

tDH 

VIH 
DQO-DQ35 IN 

VIL 

tDHR 

E?ZL1: "H" or "L" 
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FAST PAGE MODE READ CYCLE 

RAS 

CAS 

AO-AS 

OQO-OQ35 

VIH 

VIL 

VIH 

VIL 

VIH -

VIL -

VO H -

VOL -

tCSH 

tCRP tRCO 

-------------------H 
tCLZ 
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tRP 

tRASP 

tpc 

tcp tcp 

tCLZ tCLZ 

~: "B" or ilL" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH --------~ ~------------------__ --~~----------------------~ 
VIL --

v fH ---r,....,..,....,..,...,...,.-r-r~.,...,.... 

VrL ---W~~~~~~~~ __ -+ __ ~ __ -4~~~~-+ __ ~~LL~~ __ -+ ____ ~LLLLLL~~~ 

DQO-DQ35 

t'ZZd: UR" or "L ft 
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BAS ONLY REFRESH CYCLE 

V IH - ---'ll 1-_________ t_RA_S ________ -+ 

VIL-

CAs 
VIH-

VIL -

tASR tHAH 

VIH-
AO-A8 

VIL -

~ "H" or "L" 
Note: WRITE="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

tCHR 

OPEN DQO-DQ35 
VIL 

fZZ2l: "H" or "L" 

Note: WRITE="H" or "L", AO 'V A8="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRc 

tRP 

VIH -- tRAS tRAS 
RAS 

V 1L --

tCRP tRCD tRSH tCHR 

VIH --
CAS 

VIL --

tRAD tRAL 

tAR 

tASR tRAH tAsc tCAH 

VIH --
AO-A8 

VIL --

VIH --~TTrr,rn~777777-~--~I------------~77T7TTrr,~~777777TTrr~~7777777 

V IL --....., .............. ..L-LJ..-:'--'-'-""-'-J,J 
tCAC 

tAo\. 

VOH --
VALID DATA OUT DQO-DQ35 --------------------~--~V 

VOL --

EZ1]: URn or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH --------~ ~-------t~RA~S------~ F-----~ 
VIL --

VIH ----~~~+---------~ 

VIL --

VIH --
AO-A8 

VIL --

tRAD 

tWCR 

tRWL 

tWCH 

VIH --
WRITE 

DQO-DQ35 
V IL -- ..L.I..l-4L.J..jr..L,.l+,-.L.I..r..L,.I~ 1'-----------.:f 

FZZLl: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRP 

VIH _----.,t.. 
VIL -

AD-AS 

tCAC 

READ CYCLE 
tOFF 

I~"-OO" ::: _ om VAL<O ;mll~'oru, I 
_____ VIH -.~/~77rr,~~77rr.~777T~~~--1-~----------~1 1-~----~~~ 
WRITE 

V'IL -- ......... "-'-''-WJ..L...I....t..L..L.<'-4-/...L.L..,4...L.U-..<'-'-L...J...J t RCH 
, 

WRITE CYCLE 

tRWL 

tCWL 

twcs tWCH 

V lH __ 7'7'77'77'"7"7"":r77-rr-rrr-r-...,...,""""-'77",", t"p 

VIL-..L.L....t.J..LL.LL..I.J..L..LLt...L..LLI...L.I.'!LL.LL.LL'T-____ -t--+ ______ ~...t...I...LLLL.LL.t.'..LLLLLLI....L.I.'..L..1.LLLL-

VALID DATA IN 
VIH -

1000-0035 -----l VIL-

OPEN ------{ 

- C-69 -



THM362500AS-70, 80, 10 

OUTLINE DRAWINGS 

• THM362500AS 
Unit in rom 

10795±013 

3.3 8±0.! 0 101.l9±0.13 '" 

'" -o 
+I 
o .,. 
lI'l 
N 

I -d 
+I 
00 

~ CJ 1~lJ2J@DrJ2J1 CJ I f 
" lJ2J@J@ @J@d2j"V <01[, tl CJ 0 CJ,.,. CJ 0 c:::::J ~t-

111.27 
I-

I 11 I 635±o.o3 ~ 
2.0 3±O.! 0 I ~I I ~ 

R 1.5 7 ± 0.0 5 <0 
I 

d 
6.3 5 95.2 5±0.0 5 -

DETAIL OF CONTACTS 
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~l I! II: lUlL =r==--m Il.04±0.03 
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TOSHIBA MOS MEMORY,PRO,DUCTS 
THM365120AS-70, 80,10 

IDESCRIPTIONI 

The THM365120AS is a 524,288 words by 36 bits dynamic RAM module which assembled 
16 pcs of TC5l4256AJ and 8 pcs of TC5l256T on both sides the printed circuit board. 

The THM365l20AS is optimized for application to the system 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. 

IFEATURESI 

• 524,288 words by 36 bits organization 
• Fast access time and cycle time 

THM365l20AS-70 THM365l20AS-80 THM365120AS-IO 
tRAC RAS Access Time 70ns 
tAA Column Address Access Time 35ns 
tCAC CAS Access Time 20ns 
tRC Cycle Time l30ns 
tpc Fast Page Mode Cycle Time 

Single power supply of 5V±5% 
• Low power 

5,412mW MAX. 
4,752rnW MAX. 
4,092mW MAX. 

Operating 
Operating 
Operating 
Standby 

(THM365l20AS-70) 
(THM365l20AS-80) 
(THM365120AS-IO) 

l32rnW MAX. 

IPIN CONNECTION I (TOP VIEW) 

\~13§0~s:~1 
1 36 37 72 

1 VSS 13 Al ~5 IDQ24 37 DQ17 49 DQ9 61 DQ14 
2 DQO 14 A2 ~6 DQ7 38 DQ35 50 DQ27 62 DQ33 
3 DQ18 15 A3 27 IDQ25 39 VSS 51 DQIO 63 DQ15 
4 DQl 16 A4 ~8 A7 40 CASO 52 DQ28 64 DQ34 
5 DQ19 17 A5 29 NC 41 CAS2 53 DQll 65 DQ16 
6 DQ2 18 A6 pO VCC 42 CAS3 54 DQ29 66 NC 
7 DQ20 19 NC 31 A8 43 CASI 55 DQ12 67 *1 
8 DQ3 20 DQ4 32 NC 44 RASO 56 DQ30 68 *2 
9 DQ2l 21 DQ22 33 RAS3 ~51 RASI 57 DQ13 69 *3 

10 VCC 22 DQ5 34 RAS2 ~6 NC 58 DQ3l 70 *4 
11 NC 23 DQ23 35 IDQ26 ~7 W 59 VCC 71 NC 
12 AO 24 DQ6 36 DQ8 14 8 NC 6C DQ32 72 VSS 

40ns 

- C-71 -

80ns lOOns 
40ns SOns 
ZOns 25ns 

l50ns l80ns 
45ns 55ns 

CAS before RAS refresh, RAS only 
refresh, Hidden refresh, and Fast 
Page Mode capability 

All inputs and outputs TTL compatible 
512 refresh cycles/4ms 

I PIN NAMESl 

AO '" A8 Address Inputs 
DQO '" DQ35 Data Input/Outputs 

CASO '" CAS3 Column Address Strobe 
RASO "'RAS3 Row Address Strobe 

W Read/Write Input 
VCC Power (+5V) 
VSS Ground 
NC No Connection 

-70 -80 -10 
*1 NC NC NC 
*2 VSS VSS VSS 
*3 NC VSS NC 
*4 VSS VSS NC 
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iSLOCK DIAGRAMi 
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1/02 

AO 
1/03 

81/04 

I 
1/01 
1/02 
1/03 

AO-8I/04 

I 
AO 8 Din 

J))utJ_--1 

1/01 
1/02 
1/03 

AO 81/04 

I 
1/01 
T /r. .... 

1:/03 
AO 81/04 

I 
Di 

AO-8 J))~t f-I 

1/01 
1/02 
1/03 

AO 81/04 

I 
1/01 
1/02 
1/03 

AO 81/04 

I 
AO-8 ~~tj-J 

I 
I 

000-3 
1/01 

MI2 ~r-1/02 
1/03 

~ OEh I/04AO 8 

004-7 1 
1/01 M13~ VD2 
1/03 
I/04AO 8 W OE 

008 1 1 = 
Din 

YIW t AO-8 
M14 ~t:=.-
W J.iAS" 
-'L 

009 12 
1/01 

MIS CAS~ 1/02 
1/03 RAS 
I/04AO 8 W- OE 

DQI3 16 I '( = 
VOl 

MI6 CAS~ 1/02 
1/03 RAS 
I/04AO 8 W OE 

00 17 I '( = 

Din MI7 CA1~ 
L..jJ))u t AO-8 W RAS 

y 

DQ 18 21 
1/01 MI8 CAS p--
VD2 
1/03 RAS 
I/04AO 8 W OE P1-

DQ22 25 I .1 
I/O I 

H1 n CAS t:>-- .l/V£, """ liAS t:>-1/03 
1/04AO 8 W- OEn 

DQ26 I '( 
L..jDin 

J))ut AO-8 M~O~~ 
Y 

0027-30 
1/01 

M21 CAS~ 1/02 
1/03 RAS 
I/O 4 AO--8 Vi OE 

0031 34 J .1 ' 
VOl c. CAS P--
1/02 M~~ RASh 1/03 
I/O 4 AO--8 W DE 

0035 1 ~ = 

L{Din M23 CASJ:=:-
IWt AO--8 W RAS 

I Y 
I 

Vce 0>---------------1r-------·- MO-23 

I CO-II 

Vss o>-----------------~-------· MO-23 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 
Input Voltage VIN -1.0"'7.0 V 1 
Output Voltage VOUT -1.0",7.0 V 1 
Power Supply Voltage VCC -1.0"'7.0 V 1 
Operating Temperature TOPR 0'" 70 °c 1 
Storage Temperature TSTG "",55", 125 °c 1 
Soldering Temperature' Time TSOLDER 260· 10 °c • sec 1. 
Power Dissipation PD 14.4 W 1 
Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Tc-O'" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
VCC Supply Voltage 4.75 5.0 5.Z5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±5%, Tc=O'" 70°C) 

SYMBOL PARAMETER MIN. HAX. UNITS NOTES 

OPERATING CURRENT THM365120AS-70 - 984 
ICCl Average Power Supply Operating Current THM365120AS-80 - 864 mA 3,4 

(RAS, CAS, Address Cycling: tRC=tRC HIN.) THM365120AS-I0 - 744 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 48 lilA 
(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT THM365120AS-70 - 984 

ICC3 Average Power Supply Current, RAS Only Mode THM365120AS-80 - 864 mA 3 
(RAS Cycling, CAS=VIH: tRC=tRC HIN.) 

THM365120AS-I0 - 744 
FAST PAGE HODE CURRENT THM365120AS-70 - 744 

ICC4 Average Power Supply Current, Fast Page Mode THM365120AS-80 - 624 mA 3,4 
(RAS=VIL , CAS Address Cycling: tpC=tpc MIN.) 

THM365120AS-IO - S04 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 24 rnA 

(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM365120AS-70 - 984 

ICC6 Average Power Supply Current, CAS before RAS THM365120AS-80 - 864 rnA 3 
Hode (RAS, CAS Cycling: tRC=tRC MIN.) '].'HM365120AS-I0 - 744 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -240 240 lJA 
(OV~VIN~6.SV, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT 
-20 20 )JA 

(DOUT is disabled, OV:;; VOUT :;; S.25V) 

VOH OUTPUT LEVEL 2.4 - V Output "H" Level Voltage (lour-SmA) 

VOL OUTPUT LEVEL 
0.4 V Output "L" Level Voltage (Iour4•2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±lO%, Tc=O'" 70·C) (Notes 5, 6, 7) 

SYMBOL! 
THM365120AS-70 THM365120AS-80 Tlfd365120AS-IO 

NOTES PARAMETER UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC 
Random Read or Write Cycle 

130 150 180 Time - - - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 
t CAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tAA 
Access Time from Column 

35 40 50 8,14 Address - - - ns 

tCPA 
Access Time from CAS" 

40 50 Precharge - 35 - - ns 8 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 
tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9 

tT Transition Time 
3 50 3 (Rise and Fall) 

50 3 50 ns 7 

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 70 16,000 80 16,000 100 16,000 ns 

tRASP 
RAS Pulse Width 70 100,000 
(Fast Page Mode) 

80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

teAs CAS Pulse Width 20 In nnn 20 10,000 25 In nnn ns -""'..,""' .... --, ........ -
tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD 
RAS" to Column Address Delay 

15 35 15 40 20 50 14 
Time 

ns 

tCRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

tcp 
CAS Precharge Time 10 - 10 - 10 - ns 
(Fast Page Mode) 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

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

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAR Column Address' Hold Time 55 60 75 -
referenced to RAS 

- - ns 

Column Address to RAS Lead 
35 40 50 tRAL Time - - - ns 

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

- C-74 -



THM3.5120AS~70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

SYMBOL PARAMETER 
THM365120AS-70 THM365120AS-80 THM365120AS-1O UNITS NOTES 

MIN. MAX. MIN. MAX. NIN. MAX. 

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

tRRH referenced to RAS 0 - 0 - 0 - ns 10 

tWCH Write Connnand Hold Time 15 - 15 - 20 - ns 

tWCR 
Write Command Hold Time 

55 60 75 
RAS 

- - - ns 
referenced to 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRm Write Command to RAS Lead 20 20 - 25 -Time - ns 

tcm 
Write Command to CAS Lead 

25 Time 20 - 20 - - ns 

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 15 - 15 - 20 - ns 11 

Data Hold Time referenced 
tDHR to RAS 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

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

tOIR CAS Hold Time 
30 30 30 (CAS before RAS Cycle) - - - ns 

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

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

Test Cycle) 

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

CAPACITANCE (Vcc=5V±5%, f=lMHz, Tc=O'" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO'V A8) - 161 pF 

CI2 Input Capacitance (W) - 168 pF 

cn Input Capacitance (RASO'" RAS3) - 42 pF 

CI4 Input Capacitance (CASO'" CAS3) - 42 pF 

CDQ1 I/O Capacitance (DQO'V 7, 9", 16, 18 'V 25, 27 'V 34) - 29 pF 

CDQ2 I/O Capacitance (DQ8, 17, 26, 35) - 39 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. ICCI. ICC3. ICC4. ICC6 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 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. Measured with a load equivalent to 2 TTL loads and lOOpF. 

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 satistied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs 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 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 tpA' 

- C-76 -



THM385128AS-70,. 80, 10 

READ CYCLE 

tRC 

tRP 

RASO-RAS3 
VIH - tRAS 

VIL -

tCSH 

tCRP tRCD tRSH 

CASO-cA.s3 
VIH -

VIL -
tAR 

tRAD 

tRAIi tASC tCAR 

AO-AS 
VIH -

COLUMN 
VIL -

tRCS 

WRITE VIH

V IL - .L.{.."-'-''-L.I..L.{..''-'-''-'..I..L.{..''-'-''-'..I.JJ.J 

tCLZ 

VIH -
DQ0-ilQ35 

VlL -
------ OPEN VALID DATA-OUT 

f'ZZLl: "H" or "t" 

- C-77 -



THM365120AS-70, 80, 10 

EARLY WRITE CYCLE 

tRC 

llASO-RAS3 
VIH-

VIL-

tRCD 

tCRP tCSH 

VIH-
CASO-cAS3 

VIL-

AO--A8 

tWCR 

tWCR tWCH 

tDS 

DQ0-{)Q35 
V IH - 77".777"777'Tr7777777'7'7"l'"7"n -Jo,----'---oL. 1"J'7'7"l'77".777"777'777777'7'7"l'7'7"l'7'7"lr7"T'1 

VALID DATA-IN 

V I L - ~""-l...""-l...U:-'-.u..t..u..t..l..I..I..l.LI' .,......----"'""'f" ""-'-'-'-'-'-k.<.~""'~'-'-'-<...t..l..'-'-'-.l../..f."" 
tDHR 

~: "H" or "L" 
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FAST PAGE MODE READ CYCLE 

tRP 

VIH - tRASP 
RASO--RAS3 

VIL-

tcSH tpc 

tRCD 

CASO-cAS3 
VIH-

VIL -

tAR 

AO-AS 
VIH-

VIL -

WRITE Vrn

VIL - ...... '-'-''-'-' ..... ~ .... '-'-' 

VOH-
DQO-DQ35 ----------~~ 

VOL-

VALID VALID tCLZ 
DATA - Oll!' ""::=-H-- DATA -OUT,-===-I-I--

tzZ1 : "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIL --

_____ VIH-
CASO-CAS3 

VIL --

VIH-
AO-A8 

VIL --

WRITE VIH-

V!L --~~~L0~~~~~--+----r--~~~~---T--~~~~+----r--~-------------

VIH

V I L ---'-'~J...I...u...'-T'~'-'-' 

~: "R" or "L" 
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BAS 01~Y REFRESH CYCLE 

VIH 
RASO--£.AS3 

vIL 

tCRP 

VIH 
CASO-c.AS3 

VIL 

tRAH 

VlH 
AO-A8 

vIL 

~: "H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

RASO-RAS3 
vIH -

vIL -

tCHR 

CASO--<:AS3 
vIH --

vIL -

VOH -------.... 
OOO-DQ35 ~------------ OPEN 

VOL ---------~ 

~ "H" or "L" 

Note: WRITE="H" or "L", AO'VA8="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

__ vIH-----..-
MSO~S3 ~-------=~-----~ 

CASO--.c:AS3 VIH -
tRSH 

VIL -

tMD t.BAL 

tAR 

tASR tEAR tASC tCAH 

VIH -
AO-AS 

VIL --

WRITE VIH -

V I L --I..J...J.'-"-".J....t..i~"-'-u...'-I.J 

VOH--
DQO-DQ35 ------------r--U 

VOL -

~: flH" or tiL" 
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HIDDEN REFRESH CYCLE (WRITE) 

RASO-RAS3 VIH -

VIL -

____ Vm 
CASO-CAS3 

__ VIH 
WR.ITE 

VIL 

tRC 

tRWL 

twcs tOCH 

i-<---H--=--~, II mill III I IIITII I Ii//TIIII ITmll //Tml 

~ : "H" or "LII 
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GAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAsa-RAS3 
vIR - tRSH 

VIL -

CAS O-CAS 3 
vIH -

v1L -

AO-AS 
vIR --

VIL -

READ CYCLE 

~QO-DQ35 VOH -- _____ _ 

'-wa-I-T-' ::: ~~ry;777TTTrr.rr.ry;777TTT~~~----~--~------------~+-~~--4M~~ l VIL -LLLW~~~~LLLW~~LLLU 

WRITE CYCLE 

twcs twCH 

WRITE VIH- twp 

vIL --~~LL~~~LL~~LL~~F-___ +-~ ____ -*LW~LLLW~LL~~~~L 
tDS I .. tDH 

OPEN -----{ VAUD~'HN }--------------
VIH --

DQ0--i>Q35 ------
VIL --

- C-85 -



IHI365120AS-70, 80, 10 

OUTLINE DRAWINGS 

. THM365120AS 
Unit in rom 

I0795±O 3 .1 

3.3S±O.lO 10 l.l 9±0.1 3 '" ..... 
0 
+l 
::s 

'" ICJCJCJCJI~ ~ 
M 
I - ~ 0 

+l 0 
0 

IOOOOCJ~ 
0 

"": mr ~1 0 

"' ~ '" 

\ 
;:: 

1.27 R 1.5 7±O.0 5 

2.0 3±0.1 0 6.3 5± 0.0 3 

6.3 5 95.2 5±0.0 5 

DETAIL OF CONTACTS 
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TOSHIBA MOS MEMORY PRODUCTS 
8.192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5563APL-10, TC5563APL-12 
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 100ns/120ns/150ns. 

When CE2 IS a logical low or CE1 IS a logical high, 
the device IS placed in low power standby mode in 
which standby current IS 2j.1A typically. The 
TC5563APL has three control inputs . Two chip 
enables (CE 1, CEl) allow for deVice selection and 
data retention control, and an output enable input 

FEATURES 

• Low Power DISSipation 
27. 5mW /M Hz (MAx) Operating 

• Standby Current: 100j.lA (Max.) Ta=70'C 
• Access Time 

TC5563APL-10: 100ns (Max.' 
TC5563APL-12: 120ns (Max.) 
TC5563APL-15: 1 50ns (Max.) 

• 5V Single Power Supply 

PJN CONNECl"ION (TOP VIEW) 

f)4k bIt EPf<OM 

A7 
A6 
AS 

A4 
A3 
A2 
Al 
AO 

Vbl 
I/()2 
1/03 

GND 

PIN NAMES 

Ao-A'2 

R/W 

OE 

CE" CE2 

1/0,-1/08 

Voo 

GND 

N. C. 

TC ~~o3APL TMM.z:764 D 

1 ;£p , np ., ~6 P 
4 2SP 

" 24p 
6 2:1p 
7 2~P 
8 ZIP 

J ~~ 

" ';~7 , ;;6 
4 25 

" 24 
6 23 
7 22 
8 21 

9 cop 
10 1~ P 
11 lBP 

9 20 
Jil 1 9 
II 18 

12 17p 
13 16p 

1>0 17 
13 16 

14 10 14 10 

Address Inputs ~ 
Read/Write Control Input 

Output Enable Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

(OE) proVides fast memory access. Th us 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-Ilne 28 Pin 
0.3 Inch width plastiC package. 

• Power Down Features: CE2, eTf 
• Fully Static Operation 
• 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) 

r-. ____ P_a_c __ kageT_y_p._e ____ ~--------- Name 

600 mil DIP 'TC55-65APL 

300 mil DIP 
(Slim Package) TC5563APL 

- _____ 0 ___ _ 

Fiat Package(SOP) 'TC5565AFL 

* ) See TC5565APL Technical Date. 

BLOCK DIAGRAM 

- D-3 -



TG5513AP~IO, TC5583AP~12 
TC5583APL -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 

Y,N Input Voltage 

V, o· Input and Output Voltage 

Po Power DiSSipation 

TsoLoER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* - 3.0V at Pulse Width 50ns 

CE2 

H 

H 

H 

* 
L 

OE I R/W I/O,-I/Oa POWER 

L H DouT 1000 

* L DIN 1000 

H H Hlgh-Z 1000 

* * Hlgh-Z IDOS 

* * Hlgh-Z Ions 

RATING UNIT 

-0.3-7.0 V 
----~---

-03'-7.0 V 
---~-~--- ----
-0 5-V[JCJ+0 5 V 

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

0.8 

~~~w 
._- ~ 

260·10 'C·Sec 

-55-150 ____ 'C 

0-70 'C 

D. C RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX UNIT 

VOu Power Supply Voltage 4.5 5.0 ,5.5 V 

V,H Input High Voltage 2 2 - Voo+0.3 V 

Vil Input Low Voltage -03' - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

* . -3 OV at Pulse Width 50ns 

D. C and OPERATING CHARACTERISTICS (Ta=0-70·C. Voo=5V±10%) 

--

I SYMBOL I PARAMETER I TFST C:ONnITION I ~~If\1 I TYP I,M\( I II'"T I _ ... ,. .... ,,' ....... , , 
III Input Leakage Current VIN=O-VOO - - ±1 0 p.A 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VOL=O.4V 4.0 - - mA 

CE,=V'H orCE2=VIl or 

ILo Output Leakage Current R/W=VIl orOE=V'H - - ±1.0 p.A 

VOUT=O-VOO 

Voo=5.5V 10ut=OmA 

CE; =VIl 
tCYCLE = 1 p.S -- - 10 mA 

10001 Operattng Current CE2=V'H 
Other Input \cYCLE = Min. cycle - - 45 mA 
=V,H/V,L 

Voo=5.5V 

CE,=0.2V tCYCLE= 1 P.s - - 5 mA 

10002 Operating Current CEz=Voo-0.2V 

Other Input 10ut=OmA tCYCLE = Min. cycle - - 40 mA 
=Voo-0.2V/0.2V 

IOOSI Standby Current CE,=V'H orCE2=VIl - - 3 mA 

CEFVOO-0.2Vor 

'loos2 Standby Current CE2=0.2V - 2 100 p.A 

Voo=2.0-5.5V 

* : In standby mode with CE,E:VOO-O. 2V. these specifIcation limits are guaranteed under the conditiOn of CE2E:VOO-0.2V or 
CE2~0.2V. 
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· TC5It3APl-ll, TC55UAPl-12 
T.C5563·APL-15 

CAPACITANCE (Ta=25'C) 

I SYMBOL PARAMETER TEST CONDITION MAX UNIT 

I C,N Input Capacitance V'N=GND 10 pF 

I COUT Output Capacitance VouT=GND 10 pF 

Note: This parameter periodically sampled IS not 100% tested. 

A. C. CHARACTERISTICS (Ta=0-70'C, Voo=5V±1O%) 

Read Cycle 

150 ns 
r-~~--~~=-----~---------------------------+-----+-----+-----+--~~------+-1-:5~0~+---n-s---

150 ns 
r-~~--+---------------------------------------+-----+-----+-----+-----+-----+-

t 
I SYMBOL PARAMETER 

--~-~" 

twe Write Cycle Time 

twe Write Pulse Width 

lew Chip Selection to End of Write 

lAs Address Set up Time 

tWR Write Recovery Time 

tODW R/W to Output In Hlgh-Z 

tOEW R/W to Output In Low-Z 

tDS Data Set Up Time 

tOH Data Hold Time 

A. C. TEST CONDITIONS 

Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

1 OOpF + 1 TIL Gate 
0.5V.2.4V 

V,N. 0 SV. 2.2V 
ValJr: O.SV. 2.2V 

50S 

~C5563APL-10 
MIN. MAX. 

100 

60 -
SO -

0 -

0 -
- 35 

5 -
40 -

0 -

- 0-5 -

70 ns 

15 ns 

5 

50 

20 

TC5563APL-12 TC5563APL·15 

UNIT 
MIN MAX MIN. MAX i __ 
120 - , 150 - r ns 

70 - I 90 - , 
ns I 

S5 - 100 - ns 

0 - 0 - ns 

0 - 0 - ns 

- 40 - 50 ns 

5 - 10 - ns 

50 .- 50 - ns 

0 - 0 - ns 

I 

I 

! 
I 



TC5583APL-10, TC5583APL-12 
TC5563APL -15 

TIMING WAVEFORMS 

• READ CYCLE (1) 

ADDRESSES 

CEZ 
tcoz 

tOEE 

DOUT VUH -o ___ -4-..J:==:::.j(; 
VUL -

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

°R/W 

CE;?, VIR -
VIL -

eEJ 

DOUT 

DIN 
VIR -

VIL -

-

tWR 

tcw 

tcw 

tODW tOEW 

tDS 

DATA IN 
STABLE 

0-6 -



TC5563APL-10, TC5563APL -12 
TC5563APL-15 

• WRITE CYCLE 2 (4) (CE1 Controlled Write) 

ADDRESSES 

R/W 

CEZ 
tcw 

tcw 

tODW 

VIR -- DATA IN 
VIL --________________________ J ~ ___ S_T_A_B_L_E ____ J ~ ____________________ __ 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

DIN vIH-
VIL--__ ~~ __________________ _J ~ __________ J ~ __________________ ___ 

-- 0-7 --



TC5563APL-IO, TC5563APL-12 
TC5563APL -15 

Note: 
1. R/W IS High for Read cycle, 
2. Assuming that cr;-Iow transition of CE2 High transition occurs coincident with or after R/W Low transition, Outputs 

remain In a high Impedance state. 
3. Assuming that c:r;- 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 

• CE 1 Controlled Data Retention Mode (1 ) 

VDD ----------------~ Data Hetention Mode 
r----, t-----------.---

4.5V 

1 
'l I ~ ~--------V-D-D----Q-2-V---------J ~'------

GND --------------------------------------______________________________ _ 

• CE2 Controlled Data Retention Mode (3) 

VDD ----------------~ 

4.5V 

C['2 
VIH --__, 

Data Retention Mode 
1-----------------

o.2V 

GND--------~~~~============================~~ ____ ___ 

-- 0-8 --



Note: 

TC5563APL -] 0, TC5563APL -12 
TC5563APL -15 

1. In eEl controlled data retention mode, minimum standby current mode is achieved under the condition of CE2;i;O. 
2V or CE2;GVoo-O.2V. 

2. If the V,H of CE, is 2. 2V In operation, loos, current flows dUring the period that the Voo voltage is going down 
frem 4 5V to 2 41J. 

3. In C[: controlled data retention mode. minimum standby current mode is achieved under the condition of CE2;i;O. 
2V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM uSing address activated Circuit technology. thus tl;" Internal operation 

is synchronous. Then once row address change occur. the precharge operation IS executed by interr ;31 pulse 

generated from row address transient. Therefore the peak current flows only after row address change. as sl'IGwn 

In the following figure. 

This peak current rnay induce the nOise on Voo/GND lines. Thus the use of about 0.1 J.lF. decoupling 
capacitor for Every device is recommended to eliminate such noise. 

ADDRESSES 

VDD=5.5V 

VIH=5.3V 

V J [,= (12 V 

20~~~~~~~-4~-+-+-i Horizon 200nS/div 

Fig. THICAL CUliRENT WAVE~'ORMS 
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TC5583APL-l0, TC5583APL-12 
TC5563APL -15 

OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 21 2e 25 u. 23 U 21 20 19 18 11 16 15 

-kl------ --+-------u.J 
1 2 9 10 11 12 1.3 14 

O.5±O.15 

Unit: ... 

'P.02::0.20 

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 nght. at any time 

without notice, to change said circuitry. 

©May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODU:CTS 
8,192 WORD X 8 BIT 
CMOS STATIC RAM 
SILICON GATE CMOS 

TC5563APL-10L, TC5563APL-1.2L 
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 CEl is a logical high, the device is 
placed in low power standby mode m which standby 
current IS O. 6J.lA typically. The TC5563APL has three 
control Inputs. Two chip enables (CE 1, Cb) 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. lJ.lA (Max.) Ta==25'C 
• Access Time 

TC5563APL-l0L: 100ns (Max.) 
TC5563APL-12L: 120ns (Max.) 
TC5563APL-15L: 150ns (Max.) 

PIN CONNECTION (TOP VIEW) 
64k bit EPROM 

TC5563APL 

N.C. 

A12 
A7 
AS 
A5 
A4 
A3 
A2 
A1 
Ao 

1/01 
1/02 
1/03 

GND 

1 
2 
3 
4 
5 
6 
7 

8 
[ 9 

10 
11 
12 
13 
14 

PIN NAMES 

Ao-A12 

R/W 

OE 

CE1, CE2 

I/Ol-I/Os 

Vaa 

GND 

N. C. 

28 

27 
26 
25 
24 
2.3 
22 
21 
20 
19 
18 
17 
16 
15 

TMM2764D 

VDD VPP '"l'-'28 
IV'N A12 2 27 

CE2 A7 3 26 
A8 A6 4 26 
A9 A5 5 24 
All A4 6 23 
mr A3 7 22 
AIO A2 8 21 
CEl Al 9 20 
1/08 AO 10 19 
1/07 00 11 18 
1/06 01 12 17 
lAJ5 02 13 16 
1/04 GND 14 15 

Address Inputs 

VCC 

PiiM 
N.C, 
A8 
A9 
All 
OE 
AIO 
CE 
07 
06 
05 
04 
03 

Read/Write Control Input 

Output Enable Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

access. Thus the TC5563APL is suitatile for use m 
vanous microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pm 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 
• 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-l0L, TC5563APL-12L 
TC5563APL -15L 

OPERATION MODE 

OPERATION MODE CE, CE, 

Read L H 

Write L H 

Output Deselect L H 

H * Standby 
L * 

* : H or L 

MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

Y,N Input Voltage 

V'/O Input and Output Voltage 

Po Power Dissipation 

TSOLDER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* : - 3. OV at Pulse width 50ns 

D. <? RECOMMENDED OPERATING CONDITIONS 

SYMBOL I ~ PARAMETER 

"I Voo .. ower OIUfJfJlY vu lage 

V,H Input High Voltage 

V'L Input Low Voltage 

VOH Data Retention Supply Voltage 

* : -3.0V at Pulse width 50ns 

OE 

L 

* 
H 

* 
* 

r MIN. 
'+.0 

2.2 

-0.3' 

2.0 

- D-12 -

R/W 1/0,-1/0. POWER 

H DouT 1000 

L DIN 1000 

H High-Z 1000 --
* High-Z laos 

* High-Z loos 

RATING UNIT 

·-0.3-7.0 V 

-0.3'-7.0 V 

-0.5-Voo+0.5 V i 

0.8 W 

260·10 ·C·Sec 

-55-150 'C 

0-70 'C 

TYP MAX. UNIT 

o.v 0.0 V 

- Voo+0.3 V 

- 0.8 V 

- 5.5 V 



. D. C and OPERATING .cHARACTERISTICS 

TC5563APL-l0L, TC5563APL-12L 
TC5563APL-15L 

(Ta=0-70'C, Voo=5V±10%) 

I SYMBOL I PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

I,L Input Leakage Current VIN=O-VOD ±1.0 )'A 

I 

- -
10H Output High Current VOH=2.4V -1.0 - - m'A 

IOL Output Low Current VOL=O.4V 4.0 - - mA 

CE,=V'H or CE,=V'l or 

ILO Output Leakage Current R/W=V,l or OE=V,H - - ±1.0 )'A 

Vour=O-Voo 

Voo=5.5V lout=OmA 
tCYCLE = 1 p's - - 10 

CE,=V'L 
1000' operating Current mA 

CE2=V'H 
tCYCLE = Min. cycle - - 45 

Other Input=V,H/VIL 

Voo=5.5V 

CE,=0.2V tCYCLE = 1 p's - - 5 

10002 Operating Current CE2=VOO-0.2V mA 

Other Input .lout=OmA tCYCLE = Min. cycle - - 40 
=Voo-0.2V/0.2V 

loos, Standby Current Q,=V,H or CE,=V'L - - 3 mA 

CE,=Voo-0.2Vor Ta=25'C - 0.6 1.0 
"loos2 Standby Current 

CE2=0 2V Ta=0-70'C 30 
)'A 

- -

* In standby mode with CE,<;Voo-O 2V, these speclflcallOn limits are guaranteed under the condlllOn of CE2<;VDD-O. 2V or 
CEz:;;0.2V 

CAPACITANCE (Ta=25'C) 

I SYMBOL PARAMETER j TEST CONDITION MAX. UNIT 

I C,t-. Input Capacitance I V'N=GND 10 pF 

I COUT Output Capacitance I VouT=GND 10 pF 
I 

Note' This parameter periodically sampled IS not 100% tested. 

- 0-13 -



TC5563APL-l0L, TC5563APL-12L 
TC5563APL -15L 

A. C. CHARACTERISTICS (Ta=0-70'C, Voo=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tAC Read Cycle Time 

tACC Address Access Time 

tCOl 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 

toDD Output Enable to Output In Hlgh-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tew Chip Selection to End of Write 

lAs Address Set up Time 

tWA Write Recovery Time 

to ow R/W to Output In High-Z 

tbEW R/W to Output In Low-Z 

tos 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 

V,N: 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 -

a -

a -
- 35 

5 -

40 -

a -

~ D-14 -

TC5563APL-12L TC5563APL-15L 

MIN. MAX. MIN. MAX. 
UNIT 

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 

MIN. MAX. MIN. MAX. 
UNIT 

120 - 150 -
70 - 90 -
85 - 100 -

0 - a -
a - a - ns 

- 40 - 50 

5 - 10 -
50 - 60 -

a - a -



TIMING WAVEFORMS 

• READ CYCLE (1) 

A DDRES~ F:8 

OE 

DOUT 

TC5563APL-l0L, TC5563APL-12L 
TC5563APL-15L 

tHe 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDHFiSSES 

p/w VIR 

VIL 

VIH 

VIL 

VIH 
VII, 

DOUT 

- D-15 -

twc 

tcw 

tcw 

tODW 

tDS 

DATA IN 
STABLE 

twn 



TC5563APL-l0L, TC5563APL-12L 
TC5563APL-15L 

• WRITE CYCLE 2 (4) (CEl Controlled Write) 

ADDRESSES VIH -

VIL -

R/W VIR -
VIL -

CE2 VIR -
VIL -

CEl VIR -

VIL -

DOUT 

DIN 
VIH _ 

VIL -

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

VIH 
VIL - ________ _ 

twc 

tcw 

tcw 
----I 

STABLE 

- D-16 -



TC5563APL-l0L, TC5563APL-12L 
TC5563APL-15L 

Note: 
1. R/W is High for Read Cycle. 
2. Assuming that CE 1 Low transition of CEz High transition occurs cOincident with or aher 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 pnor 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 RE'fENTION CHARACTERISTICS (Ta=O-70·C) 

IMIN 
._-

SYMBOL PARAMETER TYP. MAX. UNIT 
I- --

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Voo=3.0V - - 15 
loos2 Stand by Supply Current JLI\ 

VDo=5 5V - - 30 

I t~:R I 
Chip Deselectlon to Data Retention Mode 0 - - JLs 

I Recovery Time tRC· I 
ns 

* : Read cycle time . 

• CE 1 Controlled Data Retention Mode (1) 

VDD -------,. DATA RETENTION MODE 

GND--------------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD------------~ DATA RETENTION MODE 

4.5V - - - - --

u" Y GND------~==~~==================~==~~-----

- D-17 -



TC5563APL-l0L, TC5563APL-12L 
TC5563APL-15L 

Note: 
1. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2;O;: 

O.2VorCE2~VDD-02V. 

2. If the VIH of CE1 is 2. 2V In operation, IDDs1 current flows dunng the period that the VDD 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/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 capacitor for every device IS 
recommended to eliminate such nOise . 

ADDRESSES 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

\'" .. 

0 

0 

Vr,v-=o5.5V 

VIH:::::5.3V 

Iuno VIL':.Oo.2V 

G (rnA) 2 Horizon lOOnS/div 

0 

Fi g. 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 Icads. 

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 PRODUCTS 
['5'E'SfE I P TI mil 

TC5565APL-l0, TC5565APL-12, TC5565APL-15 
TC5565AFL-l0, TC5565AFL-12, TC5565AFL-15 

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 cir
cuit techniques provide both high speed and low power features with a maximum operat
ing current of SmA/MHz and maximum access time of lOOns/l20ns/150ns. 
~~en 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 (eEl, CE2) allow for device selection and data re
tention control, and an output enable input (or) provides fast memory 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. 
Thel'C5565APL also features pin compatibility with the 64K bit EPROM (THM2764D). 
RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of Rfu~ 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. 5mWhlHz(Max.) Operating 

Standby Current: 100uA(Max.) Ta=70°C 
Access Time 

TC5565APL/AFL-IO lOOns(Max.) 
TC5565APL/AFL-12 120ns(Max.) 
TC556SAP1/AFL-lS 150ns(Max.) 

5V Single Power Supply 
Power Down Features: C~2, CEl 
Fully Static Operation 
Data Retention Supply Voltage: 2.0-5.5V 

IPIN CONNECTION I (TOP VIEW) 64k bit UROM 

TC5565APlv AFL TMI4Z7640D 

N.C. 1 VDD Vpp 
A:;,.z R/W A12 

l~P 
2 ZI ~ 

A7 CE:a A7 :3 :ct3 N.C. 
A6 AS A6 40 25 AS 
A5 A9 A5 5 Z4. Ag 
A4 AU A, 
A:3 ITF:" A3 

6 Z3 
7 :<;< ~ 

AZ 
~ 

A:a 
Al Al 
AO I/Os AO 

I/Ol 1/°7 00 
VOz 1/06 °1 
VO:! 1/°5 °2 

GND I/O, GND 

S 21 
9 aJ 
10 19P 
U 18P 
12 17 ~ 

£13 ~~ £l4o 

A,O 
ot 
07 
06 
°5 
040 
03 

AO-A12 Address Inputs 
RN Read/\~rite Control Input 
OE Ou tpu t Enab le I npu t 
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 Fcmily (Pcckage Type) 

Packag_e Type Device Name 
600 mil DIP TC556SAPL 
300 mil DIP *TC5563APL (S lim Package) 

Flat Package TC5565AFL 
(SOP) 

*) See TC5563APL Techn~cal Data. 

I BLOCK DIAGRAn I 

Afj 

AS 
A7 
AS 
Ag 

AlO 
AU 
A12 

1/01 

1/°8 

R/w 0---,.......,(, 
(5E C>o---+<t 

MEMORY CELL 

ARRAY 

256 X 256 

(65536) 

---0 VDD 

--0 GND 

0-19 -



TC5565APL-l0, TC5565APL-12, TC5565APL-15 
TC5565AFL-l0, TC5565AFL-12, TC5565AFL-15 

OPERATION r~ODE 

OPERATION MODE CEl CE2 

Read L H 

Write L H 

Ou tpu t Deselect L H 

H * S tandb: .. 
* L 

* : H or L 

! 
SY~1n(\; ITEM _._-- -'"'_. 

\J,..., '"' 
Ul) Power Supply Voltage 

---"' ... "~ _ ... 
,- Input Voltage ! --_., "'-'-

iL/O Input and Output Voltage 
,--- .~ '-_. 
I CD Power Dissipation ._-
! Tsolder Soldering Temperature 

Tstg Storage Temperature 

Topr Operating Temperature 

OE 

L 

* 

H 

* 

* 

.. _---_ .. -

* -3.0V at pulse width SOns MAX. ** fl~t rackage 

D.C RECO~~ENDED OPERATING CONDITIONS -
SYMBOL PARAMETER ,,--.... ,.~ 

VDD Power Supply Voltage 

VIH Input High Voltage 

VlL Input Low Voltage 

VDH Data R~ention Supply Voltage 

- D-20 -

R/W 1/01-1/08 

H DOUT 
L DIN 

H High-Z ---
* High-Z 

* High-Z 

RATING 

-0.3-7.0 

*-0.3-7.0 

-0.5-VDO+O.S 

1.0/0.6** 

260·10 

-55-150 

0-70 

MIN. TYP. 

4.5 5.0 

2.2 -
-0.3 -

2.0 -

Po\.JER 

IDDO --
IDDO --
IDDO ----
IDeS -------
IDDS 

Ui. 
_.'-' ---, 

--, 
1-_____ 

- -

- -
0(..,, 

I ---

MAX. 

5.5 

VDo+O.3 

0.8 

5.5 

" , 

-,-~-~. 

3CC 

UNIT 

V 

V 

V 

V 



TCSS8SAPL-l0, TCSS8SAPL-12, TC5S8SAPL-15 
TCS58SAFL-l0, TCS585AFL-12, TCS·58SAFL-1S 

D.C and OPERATING CHARACTERISTICS (Ta=0-70·C, VDD=5V±10%) 

SYHBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL 
Input Leakage 

VIN=O-VDO - ±l.0 /.lA Current -
IOH Output High Current VOH"L 4V -l.0 - - mA 

IOL Output Low Current VOL'·0.4V 4.0 - - rnA 

CE1=VIH or CE2=VOL or I 

lLO 
Output Leakage 

R/W=VIL or OE=VIH 
I 

±l. 0 Current - - /.lA 

VOUT=O-VOO 

tcyc1e=1. OilS - - 10 rnA 
VDO=5.5V 

TC5565APL-10 - tcyc1e 
CEl=VIL - - 45 rnA 

TC5565AFL-10 -lOOns 
IDD01 CE2=VIH 

TC5565APL-12 
Other input .. 

I tcyc1e - - 40 mA 
TC5565AFL-12 -120ns 

VIH/VIL 
I TC5565APL-15 tcycle 

35 rnA 
I TC5565AFL-15 

- -
Operating Current 

=150ns 

Ccyc1e=l. OlJS - - 5 rnA 
VDD=5.SV 

I TC5565APL-10! tcyc1e CEI-0.2V 
TC5565AFL-IO[=100ns 

- - 40 rnA 

IDD02 CE2=VDD-0.2V 

Other input= 
TC5565APL-12 i tcycle - - 35 r..A 

VOO-0.2V/0.2V. 
TC5565AFL-12 =120ns 

! TC5565APL-15 tcyc1e - - 30 rnA I TC5565AFL-15 =150ns 

IDDS1 CEl=VIH or CE2"Vn - - 3 iT.; 

,\ I DDS 2 Standby Current CEl=VDD-O.2V or VDD=5.5V - 2 100 /.lA 

CE2=0.2V VDD=3.0V - 1 50 /.lA 

Note * In standby Clode with CE1;;;;VDD-0. 2V. these specification limits are guaranteed 
under the condition 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 VOUT=GND - - 10 pF 

Note This parameter periodi~a11y sampled is not 100% tested. 
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TC5565APl-l0, TC5565APL-12, TC5565APl-15 
TC5565Afl-l0, TC5565Afl-12, TC5565Afl-15 

A.C. CHARACTERISTICS (Ta·~70°C. vDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CEI Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

tCOE 
Chip Enable (CEl, CE2) to 
()utput in Low-Z 

tOEE Output Enable to Output in Low-Z 

tOD Chip Enable (CEI. CE2) to 
Output in High-Z 

tODO Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAME'IER 

toT'''' Write Cycle Time ~w'" 

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~;~utPUt LOw-Z 
....... 

tDS Data Set up Time 

tDH Data Hold Time 

TC5565APL-10 
TC5565AFL-10 

MIN. MAX. 

100 -
- 100 

- 100 

- 100 

- 50 

10 -
5 -

- 35 

- 35 

20 -

TC5565APL-10 
TC5565AFL-IO 

MIN. MAX. 

100 -
60 -
80 -

0 -
0 -

- 35 

5 -
40 -

0 -
A.C. TEST CONDITION 

Output Load 
Input Pulse Level" 
Timing Measurement VIN 

100pF + 1 TTL Gate 
0.6V, 2.4V 
0.8V. 2.2V 

Reference Level VOUT 0.8V. 2.2V 
tr. tf 5ns 

- 0-22-

TC5565APL-12 TC5565APL-15 
TC5565AFL-12 TC5565AFL-15 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-15 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 



TC5565AP~ 10, TC5565APl-12, TC5565APl-15 
TC5565AFl-10, TC5565AFl-12, TC5565AFl-15 

TmING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

CE:a 
tCO:a 

tCOl 

VIH -

vIL -~~~~~~--------~r---------~~~~~~~~~~~~ 

VIH _ 

VIL -
~~~~UP~~------~r-------~~~~~~~~~~~~~ 

OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

CE:a VIR
vIl.

..k.I-........ ..J..J.. .................................... .IJ 

twc 

tON 

tDS tDR 

VIR - DATA IN 
VIL - __________________ ..J "F-__ ST_AB __ LE ____ J'!" '-_____________ _ 
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TC5565APL-l0, TC5565APL-12, TC5565APL-15 
TC5565AFL-l0, TC5565AFL-12, TC5565AFL-15 

WRITE CYCLE 2 (4) (ITl Controlled \h"ite) 

ADDRESSES 

R/W 

DOUT 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 

twc 

ADDRESSES 

R/W 

CEll 

DOUT 

- 0-24 -



TC5565APL-l0, TC5565'APL-12, TC5565APL-15 
TC5565AFL -10, TC5565AFL -12, TC5565AFL-15 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CEl 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 CEl 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 PARAHETER 

VnH Data Retention Supply Voltage 

IDDS2 Stand by Supply Current VDD=3.0V 

VDD"'5.5V 

tCDR I C~_p Deselection to Data Retention Mode 
-----'-' 

tR I Recovery Time 

.2 (1) : Read cycle time. 

IT, Controlled Data Retenti on r~ode (2) 

DATA RETENTION WODE 

~5V 

VDD-Cl.2V 

GND 

CE2 Controlled Data Retention Mode (4) 
VDn 
4o.5V ___ ___ _ 

VIL 

GND 

DATA RETENTION WODE 

Q.2V 

- 0-25 -

HlN. TYP. MAX. 

2.0 - 5.5 

- - 50 

- - 100 

0 - -
tRC(l) - -

UNIT 

V 

IJA 

/.IS 

/.IS 



TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

Note 2 In GEl controlled data retention mode, minimum standby current mode is 

achieved under the condition of GE2 ~ O. 2V or GE2 ~VOO-O. 2V. 

3 If the VIR of GEl is 2.2V in operation, IonSl current flows during the 

period that the Von voltage is going down from 4.5V to 2.4V. 

4 In GE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of GE2~O.2V. 

DEVICE INFORMATION 

The TG5565APL/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, aG 

shown in the following figure. 

This peak current may induce the noise on VOO/GNO lines. Thus the use of about 

O.luF decoupling capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

IDDO 
(IlIA) 

I I 111 I I III I I I 
I 

Pig. TYPICAL CURRENT WAVEl"OlU4B 

- D-26 -

VDD= 5.15V 

vIH=5.3V 

VIL=a.2V 

Horizon lOOns/d.iv 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

1 

3aOMAX 

'C55l5AP~to, TC55I5APl-12,TC55l5AP~t5 
TC5565Af~10, TC5585AFL-12, TC558&AF~lS 

Unit in mm 

15 

14 

15.24±o.2~ 

:z .... 
:I 
CII 
t1 

2.S4±o.2S 

I I U±o.1S 

Note) Lead pitch is 2.S4 and tolerance is ±0.2S against theoretical center 

of each lead that is obtained on the basis of No.1 and No.28 leads. 

MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

1 

1 8.9 MAX 

II o.43±o.l L2'7±D.OS 

14 

... 
d 
+t ... 
d 

Unit in mm 

Note) Lead pitch is 1.27 and tolerance is :0.12 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.28 leads. 

- 0-27 -



TC5565APl-l0, TC5565APl-12, TC5565APl-15 
TC5565AFL-l0, TC5565AFL-12, TC5565AFL-15 

...;.·0-28 -



TOSHIBA MOS MEMORY PRODUCTS 
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 eEl IS a logical high, the device IS 
placed In low power starldby mode In which standby 
current IS O. 6J1A 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 (bE) provides fast mem-

FEATURES 

• Low Power DISSipation 
27.5mW/MHz (Max) Operating 

• Standby Current: lJ1A (Max.) Ta=25'C 
• Access Time 

TC5565APL! AFL-1 OL: lOOns (Max.) 
TC5565APL/AFL-12L: 120ns (Max.) 
TC5565APL/ AFL-1 5L: 1 50ns (Max.) 

PIN CONNECTION (TOP VIEW) 
64k bi t P:I'RUM 

TC5565APL AFL TMM2"lt)4]) 
....-----r--

N.C. 1 C8 VI'\' V}-,p 1 

A12 2 '2:1 K"", A12 2 

A1 3 215 (; Jo~:: A7 3 

A6 4 25 A::" A6 4 

A5 5 24 A'J AS 5 

A. 6 23 Ai 1 A4 6 

A3 7 22 ~ A3 7 

A2 8 21 AID A2 8 21 A10 
Al 9 20 eEl Al 9 <0 CE 
AD 10 19 1/08 AO 10 19 07 

1/01 11 18 1/07 00 11 18 06 

1/02 12 17 1/06 01 12 17 05 

I/O::, 13 16 1/05 02 13 16 O. 
GND( 14 15 I/O, aND 14 15 03 

PIN NAMES 

Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE" CEo Chip Enable Inputs 

1/0,-1/08 Data Inputs/Outputs 

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 ot the 
quantity ot 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. 

• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 
• Fully Static Operation 
• 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) 

1_ :~~~~r'~T~-'1~~~ 
, I *TC5563APL 
, (Slim Package) 
I-FIPk-- (SOP)-------t- TC5565AFL ------1 L at ac age I • ___ • ________ .1 

* . See TC5563APL Technical Date. 

BLOCK DIAGRAM 



TC5585APL-l0L, TC5585APL-12L, TC5585APL-15L 
TC5585AFL-l0L, TC5585AFL-12L, TC5585AFL-15L 

OPERATION MODE 

OPERATION MODE CE, CE, 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 

V,N Input Voltage 

R/W 

H 

L 

H 

* 
* 

RATING 

-0.3-7.0 

-0.3*-7.0 

V'/O Input and Output Voltage -0. 5-Voo+0. 5 

Po Power DissipatIOn 

Tsolder Soldering Temperature 

Tstg Storage Temperature 

Topr Operating Temperature 

* : -3.0V at Pulse width 50ns Max. 
* * : Flat package 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VOD Power Supply Voltage 

V,H Input High Voltage 

V,L Input Lt;>w Voltage 

VOH Data Retention Supply Voltage 

*: -3.0V at Pulse width 50ns Max. 

- 0-30 -

1.0/0.6** 

260·10 

-55-150 

0-70 

MIN. TYP. 

4.5 5.0 

2.2 -

-0.3" -
2.0 -

1/0,-1/0, POWER 

DouT 10DO 

DIN 1000 
Hlgh-Z 1000 
High-Z loos 

High-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 



TC5565APL-l0L, TC5565APL-12L, TC5565APL -15L 
TC5565AFL-l0L, TC5565AFL-12L, TC5565AFL-15L 

D. C.and OPERATING CHARACTERISTICS (Ta=0-70°C o Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Leakage Current VIN = O~ Voo - - ±10 /lA 

10H Output High Current VOH=2AV -10 - - mA 

10l Output Low Current VOl=OAV 4.0 - - mA 

CEI = VIH or CE, = Vil or 
ILO Output Leakage Current RNI = Vil or OE = V,H - - ± 1.0 /lA 

VOUT = 0- Voo 

tevcie - 1.0/ls - - 10 mA 
Voo = 5.5V 

TC5563AP L-l 0 
CE I = V,l 

TC5563AFL-l0 tevel. = 100ns - - 45 mA 
CEl = V,H 

[0001 
Other input = TC5563AP L-12 

tevele = 120ns - - 40 mA 
V'H/Vil TC5563AF L-12 

lOUT = OmA TC5563AP L-15 
tevele = 150ns 35 mA 

TC5563AF L-15 
- -

Operating Current 
t eyel • = 1.0/ls - - 5 mA 

Voo = 5.5V TC5563APL-10 - tevele = 100ns 40 mA CE I = 0.2V TC5563AFL-10 
- -

10002 CEl = Voo-0.2V TC5563AP L-12 
Other input = 

TC5563AFL-12 
tevele = 120ns - - 35 mA 

Voo-02V/0.2V 
TC5563APL-15 lOUT = OmA 
TC5563AFL-15 

tevele = 150ns - - 30 mA 

100S1 Standby Current CEt = VIH or CEl = Vil - - 3 mA 

CEI = Voo-0.2V or Ta = 25°C - 0.6 1.0 
*100S2 Standby Current 

CEl = 0.2V Ta =0-70°C 30 
/lA 

- -
* : In standby mode with CE I ~ Voo-0.2V, these specification limits are guaranteed under the condition of CEl ~ Voo-0.2V 

or CEz ~ 0.2V. 

CAPACITANCE (Ta=25"C) 

SYMBOL PARAMETER TfST CONDITION MAX. UNIT 

C'N Input Capacitance V'N=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: ThiS parameter periodically sampled IS not 100% tested. 

- D-31 -



TC5565APL-l0L, TC5565APL -12L, TC5565APL-15L 
TC5565AFL-l0L, TC5565AFL-12L, TC5565AFL-15L 

A. C. CHARACTERISTICS (Ta=0-70'c' Voo=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 
._- .-~ -~-

tRe Read Cycle Time 

lAce Address Access Time 

teal CE 1 Access Time 

tC02 CE2 Access Time 

toe Output Enable to Output Valid 

Chip Enable (CEl , CE2) to 
tcOE 

Output In Low-Z 

tOEE Output Enable to Output in L.ow-Z 

too Chip Enable (CEl , CE2) to Output in Hlgh-Z 

tODO 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 

A. C. TEST CONDITIONS 

Output Load 

Input Pulse Level 
Timing Measurement 

Reference Level 

100pF + 1 TIL Gate 
0.6V,2.4V 

VIN: 0.8V, 2.2V 

VOUT: 0.8V, 2.2V 

tr, tf 5ns 

- D-32 -

TC5565APL-l0L 
TC5565AFL-l0L 

MIN MAX. 
- --

100 -

- 100 

- 100 

- 100 

- 50 

10 -

5 -

35 

- 35 

20 -

TC5565APL -1 OL 
TC5565AFL 10L 

MIN. MAX. 

100 _.-

60 -

80 -

a ---

a -

- 35 

5 -

40 -

a -

TC5565APL-12L TC5565APL-15L 

TC5565AFL-12L TC5565AFL-15L 

MIN. MAX. MIN. 
UNIT 

MAX. 

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 

lC5565AFL-12L TC5565AFL-15L 
UNIT 

MIN. MAX. MIN MAX. 
------- ----

120 - 150 --
--- --

70 - 90 -
-- ----

85 - 100 -
a - a --

a - a - ns 

- 40 - 50 

5 - 10 --
--

50 - 60 .-

a a -



TC5565APL-l0L, TC5565APl-12L, TC5565APL-15L 
TC5565AF~10L TC5565AF~12L TC5565AF~15L 

TIMING WAVEFORMS 
• READ CYCLE (1) 

tHO 

tC02 

tOOl 

OE 

VOH -~ __ +-....!:::==~ 
VOL --

OUTPUT DATA VALID 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

H/W 

DOUT 

twp tWR 

VIH --

VIL --~~~~~~~ ~ ____ ~tc~w ____ ~I~~~~~~~~~~~~ 

tcw 
VIH -
vIL -

~~~~~~~~~-r-------~~~~~~~~~~~~ 

tODw 

VIH -- DATA IN 
VIL --__________ --J "--_ST_A_B_LE_-----r '--_______ _ 

- 0-33 -



TC5585APL-l0L, TC5565APL-12L, TC5565AI'L-15L 
TC5565AFL-l0L, TC5565AFL-12L, TC5565AFL -15L 

• WRITE CYCLE 2 (4) (CEl Controlled Write) 

ADDRESSES VIH -
VIL -

R/W VIH -

VIL -

GE2 VIH -

VIL -

CEl 
VIH-

VIL -

tCOE 

DOUT 

DIN 
VIH _ 

VIL -

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W VIH -

VIL --.: 

CEZ 
VIH_ 

VIL-

CEl VIH -
VIL -

DOUT 

DIN 
VIH -

Vrr. -

- D-34 -



TC5585APL-l0L, TC5585APL-12L, TC5565APL-15L 
TC5585AFL-l0L, TC5585AFL-12L, TC5585AFL-15L 

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 eEl 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-7O'C) 

SYMBOL PARAMETER MIN TYP. 

VnH Data Retention Supply Voltage 2.0 -
--

VOQ=3.0V _. 
IODs2 Stand by Supply Current 

VOD=5.5V -

tCDR Chip Deselectlon to Data Retention Mode 0 

tR Recovery Time tRC' 

* : Read cycle time . 

• CE1 Controlled Data Retention Mode (1 ) 

VDD --------.. DATA RETENTION MODE 
r-~\r~~==~~~-')~~ 

GND-------------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD --------.. DATA RETENTION MODE 

4.5V - - - - --

o.2V 
GND------~==~~==================~~==~-----

- 0-35 -

-

-

-

-

MAX. 

5.5 

15 

30 

-

-

UNIT 

V 

J.lA 

J.ls 

fJS 



TC5565APL-l0L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-l0L, TC5565AFL-12L, TC5565AFL-15L 

Note: 
1. In CEl controlled data retention mode. minimum standby current mode is achieved under the condition of CE2:::i 

O.2V orCE2o;;Voo-O.?V. 
2. If the 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:::i 

O.2V. 

DEVICE INFORMATION 

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 VDD/GNO lines. Thus the use of about 
0.1/01 F decoupling capacitor for every device is 
recommended to eliminate such noise . 

ADDRESsre 

6oH-+-tH-+-+--HlH-H-i 
H-+-tH-+-+--Hlf+-H-i VDD~5.5V 

IDno VIL=a.2V 

(mA) 20 Horizon lOOnS/div 

Fig. TYPICAL CURRENT WAVEFORMS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Note: 

~ ~ 

Unit in mm 

[~~~~~~~~~~]! 
t~' .~ ~ jl c=::J 
)1AA!\l\l\t\lI~\~ J====\, tV V I %~~L VUlt 2M!O.! ~~ o25~gAs A-

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 DRAWING (F28GA-P) 

c:::::::::::~ 
Unit in mm 

1 14 

gl 11.8+0.3 

~ I:~ I rl ~ 
1.5+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. 
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TOSHIBA MOS MEMORY PRODUCTS 

!DESCRIPTIfuj] 

TC55257APL-85/APL-l0/APL-12 
TC55257AFL-85/AFL-l0/AFL-12 

The TC55257APL is 262,144 bit static random access memory organized as 32,768 wards 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced cir
cuit techniques provide both high speed and low power features with a operating current 
of 5mA/tlHz (Typ.) and minimum cycle time of 85ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is 2iJA typically. 
The TC55257APL has two control inputs. Chip enable (CE) allow for device selection and 
data retenU.on control, and an output enable input (OE) provides fast memory access. 
Thus the TC55257APL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. The TC55257APL is of
fered in both a standard dual-in-line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 

LOIv POIver Dissipation • Data Retension Supply Voltage: 2.0'" 5.5V 
27.5mW/HHz(Typ.) Operating • Access Time 

Standby Current 
100iJA(Max.): 

TC55257APL-85/AFL-85 
APL-IO/AFL-IO 
APL-12/AFL-12 

5V Single Power Supply 
Power Down Feature: CE 

1'.14-

.AL? 2 
b? 3 

A5 4, 

Af) 

/\4 

/\,<, 7 

8 
Al 9 

;',1 : 

1/01 11 

1/il2 12 
1/03 13 

GND 14-

lPl11~ 
AO '" A14 

R/W 
DE 
CE 

1/01 '" 1/08 
VDD 
GND 

VIm 
l1/W 

AI:) 

AS 
A9 

All 
I) J'~ 

All) 

L07 

I/O 6 
1/05 
1/04 

Address Inputs 
Read/Write Control 
Output Enable Input 
Chip Enable Input 
Data Input/Output 
Power (+5V) 

Ground 

TC~ 55;2~-,( APL- 85 r c· ~~')2~f? i\FL-1O TO 5525'1 APL-12 
TC~)b~t)7AFL-85 1055"5'7 AJi'L-10 10552,57 AF'1,-12 

Access Time (Max. ) 85ns lOOns 120ns 
Chip Enable Access 85ns lOOns 120ns 
Time (Hax. ) 
Output 

.. _---- ---------- f-------
Enable Time 45ns 50ns 60ns (nax. ) 

Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 

[BLOCI( DIAGRMj 

MEMOEY CEL,L ---0 ']NTI 

Al1RIIY 

(262144 ) 

Input 

OE 0-+-<1>-- CE 
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TC55257 APL-851 APL-1 01 APL -12 
TC55257AFL-85/AFL-10/AFL-12 

IOPERATION r'lODEI 

OPERATION MODE CE 

Read L 
----

Write L 
------- --~-.-.-

Output Deselect L 
~- - -------,-,- - -- --------- -_ .. _-
Stndby II 

*) H or L 

[MAXIMU~1 RATINGll 

SYMBOL ITEM 

VDD Power Supply Voltage 

OE R/W 1/01 'U 1/08 POWER 

L H DOUT IDDO 
---f---

~, L DIN IDDO 
------ --- -----------'" 

H II High-Z IDDO 
~-,--- ----",--

,', oJ. High-Z IDDS 

RATING UNIT 

-0.3 'U 7 . 0 V 
1------- ------------ -------------------+--------------t------; 

Input Voltage V 
1-------+-------------- ------------- ----------

VI/O Input and Output Voltage -O.s,\,VDD+O.S V 
f-------------- --------------_+_ -------1 

PD Power Dissipation 1.0 W 

Tsolder Soldering Temperature 260 . 10 °c • sec 
1------1-------------------------------- ------+-------; 

Tstrg Storage Temperature -55 'UISO °c 
f-------- ------- ---------------------- c------------------- ---+-------; 

Topr Operating Temperature 0 '070 °c 

*) -3.0V at pulse width SOns 

ID C RECOMMENDED OPERATING CONDITIONS 1 . 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 V 

VIR Input High Voltage 2.2 - VDD+0.3 V 

VIL Input Low Voltage -0.3* - 0.8 V 

VDII Data Retention Supply Voltage 2.0 - 5.5 V 

*) -3.0V at pulse width Sans 
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TC55257 APL-85/APL-l O/APL-12 
TC55257 AfL-85/AfL-l O/AfL-12 

ID.C. and OPERATING CHARACTERISTICS I (Ta=O" 70°C VDD=5V+10h) 
~- - , -

SY1-1BOL PARAMETER TEST CONDITION MIN. TYP. HAX. UNIT 

IIL Input Leakage Current VIN=O 'U VDD - - ±1.0 IJA 

101-1 Output High Current VOH=2.4V -1.0 - - rnA 

IOL Output Low Current VOL=O.4V 4.0 - - rnA 
--=--

R/W=VIL CE=V1H or or OE=V IH 
ILO Output Leakage Current - - ±1.0 IJA 

VOUT=O 'V VDD 
VDD=5.5V t cyc1e=111 s - 10 -
CE=VIL, R/W=Vn-l 

IDDOl Other Input tcyc1e= 
- - 70 rnA 

=VIH/VIL Min. cycle 
Operating Current IOUT=OmA 

VDD=5.5V tcycle=llJs - 5 -
CE=0.2V, 
R/W=VDD-0.2V 

tcycle= [DD02 Other Input - - 60 rnA 

=VDD -0.2V/0.2V Hin. cycle 
IOUT=OmA 

-
IDDSl Standby Current CE=VIH - - 3 rnA 

CE=VDD-0.2V 
Ta=O'V 70°C IDDS2 Standby Current 

VDD=2.0'V 5.5V - 2 100 l1A 

I CAPAC ITANCEI (Ta=25°C f=lMHz) , 

SYMBOL PARAMETER TEST CONDITION HAX. 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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TC55257APL-a5/APL-l0/APL-12 
TC55257 AFL-a51 AFL-l 01 AFL-12 

J:£:L CHARACTERISTICsl (Ta=O", 70°C, VDD=5V±10%) 

READ CYCLE 

SYMBOL PARAMETER 
TC552,57APL-85 TCb5257APL-IO TCb5257APL-12 

~T_C_5_5_2_57TA_F_L_-_8_5~T_C_'5_5_2_5T7A_F_'L_-_l_O~T_C_5_5_25_'.1A_F_L_-_l_2~UNIT 

MIN. 

Read Cycle Time 85 

tACC Address Access Time 

MAX. MIN. 

100 

85 

MAX. MIN. MAX. 

120 
-~---i 

100 120 
0---- --- ----, - ------+----+------1 

tco ICE Access Time 85 100 120 
--:-------f--- -- ----- - -------- -- ---- -------------- -- ---- --- - ---------j---t--------j-------i 
tOE Output Enable to Output in Valid 45 50 60 
- ------------- --------------+-----+------+----1 
t Chip Enable (CE) to Output in 10 10 

COE Low-Z 10 ns 
-,---------- r---------------------------- -------- ----
tOEE Output Enable to Output in Low-Z 5 5 5 
------- -----------------.-~.--------------------- --.-- -.--11----+----- f-----

Chip Enable (CE) to Output in 
High-Z 30 50 60 tOD 

t------t--.------- --------------.----------- -- ------1----- ------+---+--
tODO Output Enable to Output in High-Z - 30 - 40 50 
-,--- f---------. --------------------------- ------ -- ------ ---t-----+---------I----
tOH Output Data Hold Time 5 10 10 

HRITE CYCLE 

TC55257APL-1:'5 Tn[):~2h7 Al~ L-1O TC 552 f:)'7ld-'lJ-12 

SYMBOL PARAMETER TCb5257AFL-c)!) 'Ie '):, 257 AF'IJ-1O TC552tl'7AFL-12 UNIT 
MIN. MAX. MIN. HAX. HIN. MAX. 

twc Write Cycle Time 85 - 100 - 120 -
twp 

---~~--~--------. 1----- --
I,lrite Pulse Width 60 - 70 - 80 -

---

[CW Chip Selection '0 End of Wd," *' - 90 - 100 -
.-.--.. -----~-~- . --1---

tAS Address Set up Time 0 - 0 - 0 -
tWR 

- -- ---- r--------
Write Recovery Time 5 - 5 - 5 - ns 

------ -----
tODW R/W to Output High-Z - 30 - 50 - 60 

tOEW R/W to Output Low-Z 10 - 10 - 10 -
------------------------ --f---

tDS Data Set up Time 40 - 40 - 50 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS 

Output Load 100pF + 1 TTL Gate 

Input Pulse Level 0.6V, 2.4V 

Timing Heasurement: 0.8V, 2.2V 

Reference Level 0.8V, 2.2V 

t r , tf 5ns 
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TIMING WAVEFORMS 

READ CYCLE (1) 

VIH -
ADDRES8ES 

VIL -

CE 
VIH -, too 

V1L -

VIii -
GE 

VIL -

tOEE 

VOH -
DOUT 

VOL - tOOE 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

VIH -
ADDRESSES 

·1 

TC55257APL-S5/APL-l0/APL-12 
TC55257 AFL-S51 AFL-l 01 AFL-12 

OUTPUT DATA VALID 

twu 

VIH ------~--~~~~~ ~--~~ __ ~ ~---------------------

VIL -

VIH -

VIL -~~~~~~~~~4---------~~~~~~~LW~~~~ 

tODW 

DOUT 

tDS 

VIH -- --------------------.. Je-----------:>L r----------------
DATA IN STABLE 

VIL - ________________ ~ l'='------------'If" ~ ______________ __ 
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TC55257 APL-a5/APL-l 0/ APL-12 
TC55257 AfL-a5/ AfL -10/ AfL-12 

WRITE CYCLE 2 (4) (CE Controlled Write) 

VIH 
ADDHESSES 

VIL 

VIH 
R/W 

vlI, 

VIH 
Cf] 

vrL 

DOLIT 

VIH 
DIN 

VIL 

Note: 1. R/W is High for Read Cycle. 

tDS tDH 

DATA IN STABLE 

2. Assuming that CE low transition occurs coincident with or after R/W 

Low transition, Outputs remain ill a lii.gl! IUlpeUd(lCe state. 

3. Assuming that CE High transition occurs coincident with or prior to 

R/I.J 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 APL -85/ APL-1 O/APt-12 
TC55257AFL-85/AFL-10/AFL·12 

I DATA RETENTION CHARACTERISTICS I (Ta;O co 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

VDH;3.0V - - 50 

I DDS2 Standby Supply Current 
VDH=5.5V - - 100 

tCDR Chip Dese1ection to Data Retention Hade a - -

tR Recovery Time tRC(l) - -

Note (1): Read Cycle Time. 

CE Cantrall ed Data Retention r~ode 

DATA b]<;TENTION MOD~J 

4.5V 

VDD - o.2V 

Gtm 

~ote (2): If the VIH of CE is 2.2V in operation, IDDSI current flows during 

the period that the VDD voltage is going down from 4.SV to 2.4V. 
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TC55257APL-85/APL-l0/APL-12 
TC55257 AFL-851 AFL-I 01 AFL-12 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 15 

~~~~~~~~~crcnLn~~ 

~I 1 

" 
ej __ F=======:::3_8._0MAX_"-'_ ~_ -_-_ -_ -_ -_ -_ 

14 

2.54 ±O.25 

Unit in mm 

J::. :J 
rl 

Ib.24±1).25 

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. 

t·1FP 28 PIN OUTLINE DRAWING (F28GA-P) 

15 

nnnnnnn 

1 14 

~ "' a 
"' ci 

18.9MAX o.i 

~ ~ 
lIB ± 0.3 

~ t~ II 0.43 ± 0.1 1.27 ±o.05 ~I 1.5 ±o.4 

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 PRODUCTS 
TC55257 BPL-70/BPL -85/BPL-l0, TC55257 BSPL-70/BSPL-85/BSPL-l 0 
TC55257 BFL-70/BFL-85/BFL-l 0 

IDESCRIPTIONI 

The TC55257BPL is 262,144 bit staticramdom access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single SV supply. Advanced 
circuit technique provide both high speed and low power features with a operating 
current of SmA/MHz (Typ.) and minimum cvcle time of 70ns. 

When CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2uA typically. The TC55257BFL 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 TCS52S7BPL is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TC5S257BPL is offered in both a standard dual-in-line 28pin plastic package 
(0.6/0.3 inch width) and small-out-line plastic flat package. 

IFEATURESI 
Low Power Dissipation 

27.5ml.J/MHz(Typ.) Operating 
Standby Current 

lOOvA(Max.) : 
TC55257BPL-70/BFL-70/BSPL-70 

BPL-85/BFL-85/BSPL-85 
BPL-IO/BFL-lO/BSPL-IO 

5v Single Power Supply 
Power Down Feature: CE 

[PIN CONNECTION i (TOP VIEW) 

AI,j YDD 
AI2 :vw 

A7 A13 
Ali A8 
..1.5 A9 
A4 All 

A3 OE 
A2 AI0 
Al EE 
AO VOS 

I/O 1 I/07 
1/02 1/06 

1/03 V05 

GND 1/04 

[TIN NAMESI 

AO '" Al4 Address Inputs 
R/H Read/Hrite Control 
OE Output Enable Input 
CE Chip Enable Input 

r/Ol '" 1/08 Data Input/Output 
VDD Power (+SV) 
GND Ground 

Data retention Supply Voltage: 2.0",S.SV 
Access Time 

TC5S::57 [JPL-70 TC55257BPL-85 TC55Z57 81'1,-1 0 
TCS5257 [JFL-70 TC55257BFL-H5 TC55257BFL-IO 
TC55257BSPL-7Q TC55257BSPL--85 TC55257IlSPL-l 0 

ACC~~S Ti,-"-",--~.~ 70llS 85ns ~_l~On.'~_~_ 
Chip Enable' t,ccess 70 8' l')U 
Time (max.) ns .HlS , ns 
I-::'-"--.---.---~- .-----~- --.~.~--~- ---~---~---~ 

(Ju tpu tEnable Time 40[ls- 4' J' Ons 
(Max.) ~ns 

Directly TTL Compatible: All Inputs and Outputs Plastic 
DIP, Plastic FP Package and Plastic Slim Package 

li~OCK DIAGB.@ 

Input 

A 7 '0--' -1-tl:::t:1 
A8o--+C:£l:J 
A9o--+C:£l:J 

.\11 ' .. 
A 1 2 o---l-l..:>..W 
A 13 0--+-1::£0 
A I 4 o----l-C>:1:J 

1/01 

1/03 

[V'V 

OE 
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TC55257 BPL-70/BPL-S5/BPL-1 0, TC55257 BSPL-70/BSPL-S5/BSPL -10 
TC55257 BFL-70/BFL-S5/BFL-1 0 

IOPERATION MODEl 

OPERATION MODE CE 

Read L 

Write L 
Output Deselect L 
Standby H 

*) H or L 

IMAXIMUM RATINGSI 

SYMBOL ITEM 

VIm Power Supply Voltage 

Vm Input Voltage 

VI/a Input and Output Voltage 
Pll Power Dissipation 

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operating Temperature 

*) -3.0V at pulse width· SOns 
**) SOP 

lo.c. RECOMMENDED OPERATING CONDITIONSI 

SYMBOL PARAMETER 

VDD Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

VDH Data Retention Supply Voltage 

*) -3.0V at pulse width SOns 

OE R/W I/OI 'V 1/08 POWER 

L H Dour InDO 

* L DIN IDDO 
H H High-Z IDDO 

* * High-Z IDDS 

RATING UNIT 

-0.3 'V7.0 V 

-0.3* 'V7.0 V 
-0.5 'VVDD+0.5 V 

1.0 (0.6)** \.[ 

260 . 10 ·C . sec 

-55 '" 150 ·C 

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 
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TC55257 BPL~70IBPL-85IBPL-l 0, TC55257 BSPL-70IBSPL-85IBSPL-l 0 
TC55257 BFL-70IBFL-85IBFL-l 0 

lo.c. and OPERATING CHARACTERISTICSI (Ta=O '\,]O·c, VDD=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O'VVDD - - ±1.0 llA 

lOR Output High Current VOH=2.4V -1.0 - - rnA 

IOL Output Low Current VOL=0.4V 4 0 0 - - rnA 

lLO Output Leakage Current 
CE=VIH or R/W=VIL or OE=VIH 
VOUT=O 'V VDD 

- - ±1.0 llA 

VDD=5.5V tcycle=lllS - 10 -
CE"VIL , R/W=VIH 

IDDOl Other Input tcycle= 
=VIH/VIL - - 70 rnA 

IOUT=OrnA 
Min. cycle 

Operating Current 
VDD=5.5V tcycle=ll-ls - 5 -
CE=0.2V 

IDD02 
R!H=VDD-0. 2V tcycle= 
Other Input - - 60 rnA 

=VOD-0.2V/0.2V Min. cycle 

IOUT=OrnA 

IDDS1 Standby Current CE=VIH - - 3 rnA 

IDDS2 Standby Current 
CF,=vrm-O. 2V 

Ta=O 'V 70·C VUD=2.0 "'S.SV - 2 100 llA 

iCAPACITANCEI (Ta=2S·C, f=lMHz) 

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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TC55257BPL-70/BPL-85/BPL-l0, TC55257BSPL-70/BSPL-85/BSPL-l0 
TC55257 BFL-70/BFL-85/BFL-l 0 

IA.C. CHARACTERISTICS I (Ta=O'V]O'C, VDD=5V±10%) 

READ CYCLE 

TC55257BPL-70 TC55257 BPL-85 TC5525 7BPL-l 0 

SYMBOL 
TC55257BFL-70 TC55 25 7 BFL-85 TC5525 iBFL-l 0 

PARAMETER TC5 5 257 as PL-7 0 TC55257 BSPL-85 TC5525iBSPL-IO 

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

tRC Read Cycle Time 70 - 85 - 100 -
tAcc Address Access Time - 70 - 85 - 100 

tco CE Access Time - 70 - 85 - 100 

tOE Output Enable to Output in Valid - 40 0 45 - 50 
----------

tCOE Chip Enable (CE) to Output in 10 10 10 Low - - -

tOEE Output Enable to Output in Low-Z 5 - 5 - 5 -
tOD Chip Enable (CE) to Output in - 30 - 30 - 50 

High-Z 

tODO Output Enable to Output in High-Z - 30 - 30 - 40 

tOH Output Data Hold Time 10 - 10 - 10 -

WRITE CYCLE 

TC55257BPL-70 TC55257BPL-85 TC55257BPL-IO 
TC55257BFL-70 TC55257BFL-85 TC5 5 257 BF L-l 0 

SYMBOL PARAMETER TC55257BSPL-70 TC55257BSPL-85 TC55 257BSPL-l 0 

MIN. HAX. MIN. MAX. MIN. MAX. 

twc Write Cycle Time 70 - 85 - 100 ~ ttlT Write Pulse Width 50 - 60 - ~" 'v 

tcw Chip Selection to End of Write 60 - 65 - 90 -
tAS Address Set up Time 0 - 0 - 0 -
tWR Write Recovery Time 5 - 5 - 5 -
tODW R/W to Output High-Z - 30 - 30 - 50 

tOEW R/W to Output Low-Z 5 - 5 - 5 -
tDS Data Set up Time 30 - 40 - 40 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS 

Output Load lOOpF + 1 TTL Gate 

Input Pulse Level 0.6V, 2.4V 

Timing Measurement: 0.8V, 2.2V 

Reference Level o.aV, 2.2V 

t r , tf 5ns 
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TC55257 BPL-70/BPL-85/BPL-l 0, TC55257 BSPL-70/BSPL -85/BSPL-l 0 
TC55257 BFL-70/BFL -85/BFL-l 0 

TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES VIH-

VIL -

DOUT 
VOH -

------~----~XX~ 
VOL --

tCOE 

tRC 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES vm-
VIL --

R/W 

VIH -

OUTPUT DATA VALID 

twc 

vIL -~~~~~~~~~ ________ ~LULL~LW~LW~LW~L 

V IH -- A"X-x-x"'lrV""V""'i1~~"""~~-.:::::::.: 
VIL --~~~:.A..I~I.A.£I...!l...Il"'O"C"~ 

VIH --
v IL --________ --J ~ ________ :r '-______ _ 
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TC55257BPL-70/BPL-85/BPL-l0, TC55257BSPL-70/BSPL-85/BSPL-l0 
TC55257 BFL-70/BFL-85/BFL -10 

WRITE CYCLE 2 (4) (CE Controlled Write) 

ADDRESSES VrH -
VIL -

R/I\" 
V IH -- -.-"<"T ......... ...,.....r<'""fr<-~~rt'"""""" f-o>---="'--~"; J=rr777/--r-;,..-,-,-;-,-;,...",.."..,-;,., 

VIL--~~~-L~~~~~~+-________ ~~~~~LLLLLLLLLLLL~ 

VIH---------~br~~ ~~--~----~~---------------------

Dour 

tDS tDH 

VIH-

VIL - ____________________ J ~'-------_<r '-________________ _ 

Note: 1. R/W is High for Read Cycle 

2. Assuming that CE low transition occurs coincident with or after R/W 

Low transition, Outputs remain 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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TC55251 BPL-70/BPL -85/BPL-l 0, TC55257 BSPL-70/BSPL -85/BSPL-l 0 
TC55257BFL-70/BFL-85/BFL-l0 

I DATA RETENTION CHARACTERISTICS I (Ta=O '" 7Q°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

VDH=3.0V - - 50 
IDDS2 Standby Supply Current 

VDH=5.5V - - 100 

tCDR Chip Deselection to Data Retention Mode 0 - -
tR Recovery Time tRC(l) - -
Note (1): Read Cycle Time. 

CE Controlled Data Retention Mode 

DATA RETENTIO:-; MODE 

4.5V 

VDD- O.2V 

OND 

Note (2): If the VIH of CE is 2.2V in operation, IDDSl current flows during 

the period that the VDD voltage is going down from 4.5V to 2.4V. 
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TC55257BPL-70/BPL-85/BPL-l0, TC55257BSPL-70/BSPL-85/BSPL-l0 
TC55257 BFL-70/BFL-85/BFL-l 0 

IOUTLINE DRAWINGSI (DIP28-P-600). 

28 15 

14 

Unit in nun 

o 
It> -/ 

-r--~~_-+o 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.15nun. 
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TC55257 BPL-70/BPL-85/BPL -10, TC55257 BSPL -70/BSPL-85/BSPL-1 0 
TC55257 BFL-70/BFL -85/BFL -10 

(SOP28-P-450) 

Unit in mm 

I.OTYP. .II,043±O.1 1$lo.25@l 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TC55257BPL-70/BPL-85/BPL-IO, TC55257BSPL-70/BSPL-85/BSPL-IO 
TC55257 BFL-70/BFL-85/BFL -10 

OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) UNIT: nun 

o 
II> 

I 

C:::~~~~::::::I] ~~-Tii 0 

1 14 11 
34.9±O.2 

.., 
o 
+I 
to 

Z 
I~------------------~I-~ ~ 

~ .., 
---i--t-o 

+I 
v---n~ 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15nun. 
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TC55257 BPL-70/BPL-85/BPL-l 0, TC55257 BSPL-70/BSPL-85/BSPL-l 0 
TC55257 BFL-70/BFL-85/BFL-l 0 
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TC55257BPL-78/BPL-85/BPL-18, TC55257BSPL-70/BSPL-85/BSPL-l0 
TC552578F~70/BF~85/BF~10 . 
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TOSHIBA MOS MEMORY PRODUCTS 

\ OESCR I PTI ON I 

TC55257 APL-85U APL-l OUAPL-12L 
TC55257AFL-85UAFL-l0UAFL-12L 

The TCSS2S7APL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single SV supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of SmA/MHz (Typ.) and minimum cycle time of 8Sns. When ~ is a logical high, 
the device is placed in low power standby mode in which standby current is 2~A 
(Ta=2S0C). The TCSS2S7APL 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 TCSS2S7APL is suitable for use in various microprocessor 
application systems where high speed, low power, and battery back up are required. 
The TCS5257APL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out-line plastic flat package. 

IFEATURESI 

Low Power Dissipation 
27.SmW/MHz(Typ.) Operating 

• Standby Current 
2\JA(~!ax.): TC5S2S7APL-8SL/AFL-8SL 
(Ta=2S0C) APL-IOL/AFL-IOL 

APL-12L/AFL-12L 
SV Single Power Supply 
Power Down Feature: CE 
Data Retension Supply Voltage: 

2.0'" S.SV 

IPIN CONNECTION I (TOP VIEW) 

VDD 

A12 IVW 

A" A13 

A8 
A5 A9 

All 
i5E 

A2 A10 
Al DE 
AO 1/08 

1/01 1/07 
1/06 

1/05 
1/04. 

I PIN NAt·1ESI 
AO °0 Al4 Address Inputs 

Rj\.J Read/Write Control Input 
aE Output Enable Input 

CE Chip Enable Input 
1/01'" 1/08 Data Input/Output 

VDD Power (+SV) 
GND Ground 

• Access Time 
TC55257 TC55257 TC55257 
APIr-85L APIr-1OL APL-12L 

/AFIr-85L /AFIr-10L /AFL-12L 
Access Time(Max.) 8Sns lOOns l20ns 
Chip Enable 8Sns lOOns 120ns Access Time(Max.) 
Output Enable 
Time (Max.) 4Sns sOns 60ns 

Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 

I BLOCK OIAGRAf.lI 

A5 
A6 U-I"""--tlu: 

A7 u-r-.""o< 
AS 
A9 O-H:E4l';; 

All ~r-.... _ 

A12 O-H:E4l t: 
A13 
A14 

1/01 

1/08 

R/W"---A--.. 
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TC55257 APL-85UAPL-l OUAPL -12L 
TC55257AFL-85UAFL-l0UAFL-12L 

iOPERATION ~lODE\ 

OPERATION MODE CE OE 

Read L L 

Write L * 

Output Deselect L H 

Standby H * 

*) H or L 

[MAXIMUM RATINGS\ 

SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

VI/O Input and Output Voltage 

PD Power Dissipation 

Tsolder Soldering Temperature· Time 

Tstrg Storage Temperature 

Topr Operating Temperature 

*) -3.0V at pulse width SOns 

ID.C RECOMMENDED OPERATING CONDITIONSI 

SYMBOL PARAMETER 

VDD Power Supply Voltage 

VIH Input High Voltage 

Vu Input Low Voltage 

VDH Data Retention Supply Voltage 

*) -3.0V at pulse width SOns 

RIW I/Ol'V 1/08 POWER 

H DOUT IDDO 

L DIN IDDO 

H High-Z IDDO 

* High-Z IDDS 

RATING UNIT 

-0.3 'V 7.0 V 

-0.3*'V 7.0 V 

-0.5'V VDD+O. 5 V 

1.0 W 

260 • 10 °c • sec 

-55 'V 150 °c 

O'V 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 
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TC55257APL-85UAPL-l0UAPL-12L 
TC55257AFL-85UAFL-l0UAFL-12L 

I D.C. and OPERATING CHARACTERISTICS 1 (Ta=O'V 70°C, VDD=5V+I0%) -

SY~lBOL PARAMETER TEST CONDITION MIN. TYP. MA.,{ • UNIT 

IIL Input Leakage Current VIN=O'V VDD - - ±1.0 iJA 

IOH Output High Current VOH=2.4V -1.0 - - mA 

IOL Output Low Current VOL=O.4V 4.0 - - mA 

CE=VIH or R/W=V IL or OE=VIH 
110 Output Leakage Current 

VOUT=O 'V VDD - - ±1.0 iJA 

VDD=5.5V tcycle=lu s - 10 -
CE=V1L. R/W=V IH 

1DDOl 
Other Input tcycle= 

70 rnA - -=VIH/V1L Min. cycle 
Operating Current IOUT=OrnA 

VDD=5.5V tcycle=llJ s - 5 -
CE=0.2V, 

R/W=VDD-0.2V 

IDD02 Other Input Itcycle= - - 60 mA 

=VDD-0.2V!0.2V IMin. cycle 

IOUT=OrnA 

IDDSI Standby Current CE=VlH - - 3 rnA 

CE=VDD-0.2V Ta=O'V 70°C - - 30 
IDDS2 Standby Current VDD=2 .0 'V 5. 5V IJA 

Ta=25°C - - 2 

: CAPACITANCE! (Ta=25°C f=lMHz) . 
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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TC55257 APL -85UAPL-l0UAPL-12L 
TC55257 AFL-85U AFL -1 OUAFL -12L 

IA.C. CHARACTERISTICS I (Ta=O'V70'C, vDD=5V±10%) 

READ CYCLE 

TC55257APL-85l 
SYMBOL P ARAl.'1ETER TC55257AFL-85l 

MIN. MAX. 
tRC Read Cycle Time 85 -
tACC Address Access Time - 85 

tco CE Access Time - 85 
tOE Output Enable to Output in Valid - 45 

tCOE 
Chip Enable (CE) to Output in 10 Low-Z -

tOEE Output Enable to Output in Low-Z 5 -
tOD Chip Enable (CE) to Output in - 30 

High-Z 

tODO Output Enable to Output in High-Z - 30 

tOH Output Data Hold Time 5 -

WRITE CYCLE 
TC55257APL-85L 

SYMBOL PARAMETER TC515257AFL-85L 

MIN. MAX. 

twc Write Cycle Time 85 -
twp Write Pulse Width 60 -
tcw Chif} St:l~ci:.ion of End of Write 65 -
tAS Address Set up Time 0 -
tWR Write Recovery Time 5 -
tODW R/W to Output High-Z - 30 

tOEW R/W to Output Low-Z 10 -
tDS Data Set up Time 40 -
tDH Data Hold Time 0 -

A.C. TESI CONDITIONS 

Output Load 100pF + 1 TTL Gate 

Input Pulse Level 0.6V, 2.4V 

Timing Measurement: O.8V, 2.2V 

Reference Level 0.8V, 2.2V 

t r , tf 5ns 
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TC55257APL-IOL TC55257APL-12L 
TC55257AFL-lOL TC55257AFL-12L UNIT 
MIN. MAX. MIN. MAX. 

100 - 120 -
- 100 - 120 

- 100 - 120 

- 50 - 60 

10 - 10 - ns 

5 - 5 -
- 50 - 60 

- 40 - 50 

10 - 10 -

TC1515257APL-IOL TC155257APL-12L 
TC55257APL-IOL TC55257AFL-12L UNIT 
MIN. MAJC MIN. MAX. 

100 - 120 -
70 - 80 -
90 - 100 -

0 - 0 -
5 - 5 - ns 

- 50 - 60 

10 - 10 -
40 - 50 -

0 - 0 -



Trr~ING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

CE 
VIL 

VIR 
OE 

VIL 

VOR 
DOUT 

VOL 

tACC 

tOEE 

tCOE 

tco 

tOE 

TC55257 APL-85UAPL-l DUAPL-12L 
TC55257Af~85UAf~10UAf~12L 

• t 

OUTPUT DATA VALID 

UNKNOWN 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/L 

i5E 

DOUT 

DIN 

VIR 

VIL 

VIR 

'IlL 

VIR 

VIL 

VIR 

VIL 

two 

tcw 

II tODW 

~~~~~~mro~~ 
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TC55257APL-85UAPL-10UAPL-12L 
TC55257 AFL -85U AFL-1 OU AFL-12L 

WRITE CYCLE 2 (4) (CE Controlled Write) 

VIH-
ADDRES3ES 

VIL-

v IH -
R/W 

VIL-

CE 
vIH_ 

vIL-

DOUT 

vIH -
DIN 

VIL-

Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W 

Low transition, Outputs remain 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 APL-85UAPL-l OUAPL-12L 
TC55257 AfL-85U AfL-l OU Aft-12L 

I DATA RETENTION CHARACTERISTICS! (Ta=O <c 70°C) 

SYNBOL PARAMETER HIN. TYP. ~1AX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

VDH=3.0V - - 20 
IDDS2 Standby Supply Current 

VDW5.5V - - 30 

tCDR Chip Deselection to Data Retention Mode 0 - -
tR Recovery Time tRC(l) - -

Note (1): Read cycle time. 

CE Controlled Data Retention t10de 

V"DD _____ """\ 
DATA HETENTION MODE 

u:'li) ________________________ _ 

';nte (2): If the VIH of CE is 2.2V in operation, IDDSI current flows during 

the period that the VDD voltage is going down from 4.5V to 2.4V. 
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UNIT 

V 

wA 

ws 



TC55257 APL -85L1 APl-IOLl APl-12L 
TC55257AFL-85L1AFL-l0LlAFL-12L 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 15 

14. 

a.5±a.15 2.54±a.25 

1.4.±a.15 

Unit in nun 

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 DRAWING (F28GA-P) 

28 15 

>< 
;i 
0 
os 

1 14. 

~I itl aa±n, I 
~ ~ ~ 

II ~4.3±a.l rl 

.1 I.L5±a.4. 
1.27±a.05 d 

+j .... 
d 

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 PRODUCTS 

IDESCRIPTIONi 

TC55256PL-10/PL-12/PL-15 
TC55256FL -1 O/FL-12/FL-15 

The TC55256PL/FL 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 cur
rent of SmA/MHz(TYP.) and minimum cycle time of lOOns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is O.Ol~A typically. 
The TC552S6PL/FL 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 TC55256PL/FL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. Ultra low standby power 
allow not only battery but capacitance backup. The TC552S6PL/FL is offered in both a 
standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic 
flat package. 

IFEATURESI 

Low Power Dissipation 
27.5mW/MHz(TYP.) Operating 

Standby Current 
0.2~A(~1AX.} at Ta=2S·C 
1.0~A(MAX.) at Ta=60·C 
10.0~A(MAX.) at Ta=8S·C 

5V Single Power Supply 
• Fully Static Operation 

Al4, VDD 
Al2 IVW 

A? AlS 
A6 AS 
A5 A9 

A4 All 
AS CE 
A2 AlO 
Al liE 
AD 1/os 

VOl VC? 
V02 V06 
VOS Vos 

GND V04 

I PIN NAMESI 
fAo", A14 Address Inputs 

• Data Retention Supply Voltage: 2.0'" 5.5V 
Access Time 

TC55256PL TC55256PL 
-lO/1'L-lO -l2/1'lr-l2 

Access Time (Max.) lOOns l20ns 
Chip Enable Access 

lOOns l20ns Time (Max.) 
Output Enable Time (Max. ) sOns 60ns 

TC55256PL 
-l5/1'L-l5 

l50ns 

l50ns 

70ns 
• Directly TTL Compatible: All Inputs and Outputs 
• Plastic DIP and Plastic Flat Package 
• Wide Temperature Operation: -40'" 85·C 

IBLOCK DIAGRAMI 

MEMORY CELL 

ARRAY 

S12X32X16 

(262144) 

--0 GND 

R/W Read/Write Control Input 
DE Output Enable Input 
CE Chip Enable Input 

1/01'" 1/08 Data Input/Output 
VDD Power (+5V) 
GND Ground 
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TC55256PL-l D/PL-12/PL-15 
TC55256FL-ID/FL-12/FL-15 

I OPERATION MODEl 

OPERATION MODE 

Read 

Write 

Output Deselect 

Standby 

*) H or L 

I ~lAX H1W·1 RATING S I 
SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

CE 

L 

L 

L 

H 

VI / O Input and Output Voltage 

PD Power Dissipation 
------

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operaring Temperature 

*) -3.0V at pulse width SOns 
**) SOP 

C5E R/W 1/01'0 1/08 POWER 

L H DOUT IDDO 

* L DIN IDDO 

H H High-Z IDDO 

* * High-Z IDDS 

RATING UNIT 

-0.3'07.0 V 

-0.3*'07.0 V 

-0.5'0 VDD+0.5 V 

1.0 (0.6)** W 

260· 10 ·C·sec 

-55'0 150 ·C 

-40'085 ·C 

ID C RECOMMENDED OPERATING CONDITIONSI (Ta=-40'V 8S·C) . 
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 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

*) -3.0V at pulse width SOns 
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J D.C. and OPERATING CHARACTERISTICSJ 

TC55258PL-l0/PL-12/PL-15 
TC55258FL':10/FL-12/FL-15 

-

SYMBOL PARAMETER TEST CONDITION MIN. TYP. HAX. UNIT 

IlL Input Leakage Current VIN=O"" VDD - - ±1.0 lJA 

lOR Output High Current VOH=2.4V -1.0 - - rnA 

10L Output Low Current VOL=0.4V 4.0 - - rnA 

VOH Output High Voltage IOlF-2O lJA VDD - - V 
-0.1 

VOL Output Low Voltage 10L=2O IJ A - - 0.1 V 

110 
CE=VIH or R!W=VIL or OE=VIH - - ±1.0 lJA Output Leakage Current 
VourO"" VDD 

VDD=S.SV, CE=VIL , tcycle=llJs - 10 -

IDDOI 
R!W=VIH 

rnA Other Input= tcycle= - - 70 
VIH!VIL' IOUT=OrnA Min. cycle 

Operating Current 

(Read Cycle) ,\ VDD=S.5V, CE=0.2V, tcycle=l1Js - 5 -
R!W=VDD-0.2V 

IDD02 Other Input= rnA 
VDD-0.2V/0.2V 

tcycle= - - 60 

IOUT=OrnA 
Min. cycle 

IDDSI Standby Current CE=VIH - - 3 rnA 

Ta=2S"C - 0.01 0.2 
CE=VDD-0.2V 

Ta=60·C 1.0 lJA IDDS2 Standby Current - -
VDD=2.0"" S.SV 

Ta=8S·C - - 10.0 

* Assuming 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. 

ICAPACITANCEI (Ta=2S·C f=lMHz) , 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VOUT=GND 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TC55256PL-18/PL-12/PL-15 
TC55256FL-l 8/FL -12/FL-15 

I A.C. CHARACTERISTICS! (Ta=-40"- 85°C, VDD=5V±10%) 

READ CYCLE 

TC55256PL 
SYMBOL PARAMETER -lO/FL-lO 

MIN. MAX. 

tRC Read Cycle Time 100 -
tACC Address Access Time - 100 

tco CE Access Time - 100 

tOE Output Enable to Output in Valid - 50 

tCOE Chip Enable (eE) to Output in Low-Z 5 -
tOEE Output Enable to Output in Low-Z 0 -
tOD Chip Enable (CE) to Output in High-Z - 50 

tODO Output Enable to Output in High-Z - 40 

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 Output High-Z 

tOEW R/W to Output Low-Z 

tDS Data Set Up Time 

tDH Data Hold Time 

!AC TEST CONDITION! 

• Input Pulse Levels 
• Timing Measurement Reference Levels: 

Output Reference Levels 
• Input Pulse Rise and Fall Time 
• Output Load 

10 -

TC55256PL 
-lO/FL-lO 

MIN. 

100 

70 

90 

0 

0 

-
5 

40 

2.4V/0.6V 
2.2V/0.8V 
2.2V/0.8V 
Sns 

0 

MAX. 

-
-
-
-
-
50 

-
-
-

100pF + lTTL Gate 
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TC55256PL TC55256PL 
-12/FL-12 -15/FL-15 UNIT 

MIN. ~1AX. mN. MAX. 

120 - 150 -
- 120 - 150 

- 120 - 150 

- 60 - 70 

5 - 5 - ns 

0 - 0 -
- 60 - 70 

- 50 - 60 

10 - 15 -

TC55256PL TC55256PL 
-12/FL-12 -15/FL-15 UNIT 
MIN. MAX. MIN. MAX. 

1120 - 150 -
80 - 100 -

100 - 120 -
0 - 0 -
0 - 0 - ns 

- 60 - 70 

5 - 5 -
50 - 60 -

0 - 0 -



TmING WAVEFORNS 

READ CYCLE (1) 

TC55256PL-1 8/PL -12/PL-15 
TC552B6FL-1 8/FL-12/FL -15 

VIH - ,..--------------oi ~---
AIJDHESSES I 

VIL - --------------"1 F-----

"' ::: =~~~~' Ew#$##A1j.& 
~ t <00' fj 

VOH -
DOUT 

VOL -

WRITE CYCLE 1 (4) 

AIJDHESSES vIH -

vIL -

CE vIP. -

---t---{\XXXXXXI OUTPUT DATA VALID 

'CaE 

(R/W Controlled Write) 

'we 

VIL - ~~~~,,---+-__ -4-'jL':.J..J...I../....u...I-I...I..I...I...I.../..u...I...I-I...I..I..J..i...J 

DOUT 

VIE ----------.. j,,-----'----i. r-------

VIL - --------' "F--------'\""" '-------
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TC55256PL-IO/PL-12/PL-15 
TC55256FL-IO/FL -12/FL-15 

WRITE CYCLE 2 
(4 ) (CE Controlled Write) 

two 

ADDRESSES 
vIR -

VIL -

R/W 
VIR 

VIL 

CE 
VIR 

VIL 

"COE tODW 

DOlTT 

"DS tDB 

VIR -
DIN 

VIL -

Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after 

R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that C! 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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3V OPERATE SPECIFICATION 

TC55256PL-l0/PL-12/PL-15 
TC55256FL-l0/FL -12/FL-15 

I D C RECOM~1ENDED OPERATING CONDITIONS I (Ta=-10 'V 60°C) . 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 2.7 3.0 3.3 V 

VIH Input High Voltage VDD-0.2 - VDD V 

Vn Input Low Voltage 0 - 0.2 V 

jD C and OPERATING CHARACTERISTICSj (Ta=-10'V60°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

lIN Input Leakage Current VIN=O'V VDD - - ::1. 0 )1A 

CE=V IH or R/W=VIL or 
lLO Output Leakage Current - - ::1.0 )1A 

OE=V IH , VOUT=O'V VDD 

IOH Output High Current VOH=VDD-O.2V -100 - - )1A 

IOL Output Low Current VOL=0.2V 100 - - IJA 

VOH Output High Voltage IOH=-20)1A VnD-0.1 - - V 

VOL Output Low Voltage IOL=20)1A - - 0.1 V 

CE=VIL 

Other input= tcyc1e 
3.0 InDO* Operating Current - S.O rnA 

VDn-0.2V/0.2V =l)1s 

IourOmA, duty 100% 

Ta=2S"C - 0.01 0.2 
InDS Standby Current CE=VIH )1A 

Ta=60°C - - 1.0 

All voltage is measured from GND. 

* InDO is slightly depending on input pulse t r , tf. If long t r , tf pulse is applied, 

there are some transient current at input stage. These specification is guaranteed 

with t r , tf ~ 20ns. 
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TC55258PL-l O/PL~12/PL·15 
TC55258FL -I 8/FL-12/FL-15 

3V OPERATE SPECIFICATION 

IA.c. CHARACTERISTICS I (Ta=-10'V60·C, VDD"'3V±10%) 

READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 
t ACC Address Access Time 

tco CE 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 
tOD Chip Enable to Output in High Z 
tODO 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 Up Time 

t:~TR ~·Jrit.c ReCOVery Time 

tDS Data Set Up Time 

tDH Data Hold Time 

tODW R/W to Output High Z 
tom R/W to Output Low Z 

* Type. condition is Ta=2S"C, VDD=3V 

IA.c. TEST CONDITIONS I 
vI~VDD-0.2V/0.2V 

Output Reference Level 

• Timing Measurement Level 

l.SV/1.SV 

1. SV/1.SV 

• Input Pulse Rise and Fall Time: ~2Ons 

MIN. 

1000 

-
-
-

20 

10 

5 

-
-

MIN. 

1000 

500 

800 

100 

100 

400 

50 

-
10 

• Output Load 100pF (Include Jig) 
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TYP.* MAX. UNIT 

- -
300 1000 

300 1000 

150 500 

- - ns 

- -
- -
- 200 

- 150 

TYP.* MAX. UNIT 

- -
- -
- -
- -
- - ns 

- -
- -
- 200 

- -



TC55256PL -I O/PL-12/PL;.15 
TC55258FL-l0/FL-12/FL.;15 

I DATA RETENTION CHARACTERISTICSI (Ta=-40'"V 85°C) 

SYNBOL PAlW1ETER NIN. TYP. l'1AX • 

VDH Data Retention Supply Voltage 2.0 - 5.5 

Ta=25°C - 0.01 0.2 

IDDS2 Standby Supply Current Ta=60°C - - 1.0 

Ta=85°C - - 10.0 

tCDR Chip Deselection to Data Retention Node 0 - -
tR Recovery Time tRC(l) - -

Note: (1) Read cycle time. 

(2) If the VIH of CE is 2.2V in operation, IDDSI current flows during the 
period that the VDD voltage is going down from 4.5V to 2.4V. 

IT Cantrall ed Data Retent i on J~ode 

VDD ------------__ 
DATA RETENTION MODE 

GND ---------------------------------------------------------
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UNIT 

V 

)JA 

)JS 



TC55256PL-l O/PL -12/PL-15 
TC55256fL-l0/fL-12/fL-15 

DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 

28 15 

2.54±n25 

Unit in mm 

Note: Lead pitch is 2.54 and tolerance is ±D.2S against theoretical center 
of each lead that is obtained on the basis of No.1 and No.28 leads. 

SOP 28 PIN OUTLINE DRAWING (SOP28-P-450) 

28 15 

1 14 

~~I 
~ 

II ""'" I I L"±,, ~ I 
Note: Lead pitch is 1.27 and tolerance is ±D.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 PRODUCTS 

IDESCRIPTIONI 

TC55258PL-l0/PL-12/PL-15 
TC55258FL-l0/FL-12/FL-15 

TC55258PL/FL 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 cir
cuit techniques provide both high speed and low power features with a operating cur
rent of 5mA/MHz (Typ.) and minimum cycle time of lOOns. The TC55258PL/FL has two 
control inputs. Two chip enable inputs (CEI, CE2) allow for device selection and data 
retention control. When device is placed in standby mode with chip off state, standby 
current is typically O.OI~A. Thus the TC55258PL/FL is suitable for use in various 
microprocessor application systems where high speed, low power, and battery back up 
are required. Ultra low standby power allow not only battery but capacitance back up. 
The TC55258PL/FL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out line plastic flat package. 

IFEATURESI 

Low Power Dissipation 
27.5mW/MHz(Typ.) Operating 

Standby Current 
0.2~A(MAX.) at Ta=25°C 
1.O~A(MAX.) at Ta=60°C 
10.O~A(HAX.) at Ta=85°C 

• 5V Single Power Supply 
• Fully Static Operation 

Data Retention Supply Voltage 
: 2.0 'U 5.5V 

IPIN COtJNECTIONI (TOP VIEW) 

A14 Voo 
A12 2 1VW 

A7 3 A13 
A6 4 AS 
A5 5 A9 
A4 6 All 
A3 7 22 CE2 
A2 8 21 AI0 
Al 9 20 CEI 
AO 10 19 1/08 

VOl 11 18 1/07 
V02 12 17 1/06 
V03 13 16 1/05 

GND 14 15 1/04 

IPIN NAr,lESI 

AO 'U Al4 Address Inputs 
R/W Read/Write Control 

CEI, CE2 Chip Enable Inputs 
1/01 'U 1/08 Data Inputs/Outputs 

VDD Power (+5V) 

GND Ground 

• Access Time 
TC55258PL TC55258PL TC55258PL 
-IO/FL-IO -12/FL-12 -15/FL-15 

Access Time lOOns 120ns 150ns 
CEl Access Time lOOns l20ns 150ns 
CE2 Access Time lOOns 120ns l50ns 

• Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic Flat Package 
Hide Temperature Operation: -40'U 85°C 

Input 

IBLOCK DIAGRANI 

1/08 o-+tt+if+i'1rl 

CE2 o---~ ___ 

CEI 
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ARRAY 

512x32x16 

(262144) 

L-.---CE 

--oVDD 

--0 GND 



TC55258PL-18/PL-12/PL-15 
TC55258FL-18/FL-12/FL-15 

I OPERATION MODE I 
OPERATIOK }IODE CEl 

Read L 

lI1rite L 

,"; 

Standby 
H 

*) H or L 

II'lAX H1Ut1 RATING S I 

SYNBOL ITEH 

VDD Power Supply Voltage 

VIN Input Voltage 

VItO I Input and Output Voltage 

PD Power Dissipation 

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operating Temperature 

*) -3.0V at pulse width 50ns 
**) Flat package 

CE2 R/II' 1/01 'V 1/08 

H H DOUT 

H L DIN 

L ,', High-Z 
~, * High-Z 

RATING 

-0.3'V 7.0 

-0.3'~'V7.0 

-0.5 'V VDD+O.5 

1.0/0.6'''' 

260' 10 

-55 'V 150 

-40 'V 85 

I D C and RECOMMENDED OPERATING CONDITIONSi (Ta=-40'V 85 C C) 

SYMBOL PARAHETER NIN. TYP. }lAX. 

VDD Power Supply Voltage 4.5 5.0 5.5 

POl~ER 

IDDO 

IDDO 

IDDS 

IDDS 

UNIT 

V 

V 

V 

II' 

cC'sec 

Cc 
Cc 

UNIT 

V 

VIH Input High Voltage 2.2 - VDD+O·3 V 

VIL Input Low Voltage -0.3 * - O.B V 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

*) -3.0V at pulse width 50ns 
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TC55258PL-18/PL-12/PL-15 
TC55258FL-18/FL-12/FL-15 

ID.c. and OPERATING CHARACTERISTICsl (Ta=-40'" 85°C \'DD=5V+lO%) , -

SYHBOL PARA.:-!ETER CONDITION HIt(. TYP. HAX. UNIT 

lIN Input Leakage Current \' Il,=O '" VnD - - ::1.0 fJA 

IOH Output High Current VOH=2.4V -1.0 - - rnA 

IOL Output Low Current VOL=0.4V 4.0 I - - tn.-\ I 
VOR Output Righ Voltage IOH=-20fJA Vnn-O.l I - - V 

VOL Output Low Voltage IOL= 2O fJ A - - 0.1 V 

CEl=VIH or CE2=VIL or RN=VIL 
110 Output Leakage Current - - ::1.0 fJA 

VOUT=O '" Vnn 

Vnn=5.5V, CEl=VIL tcycle=lfJ s - 10 -
CE2=VIR , R!I-J=VIR 

InDOl [ IOUT=OrnA tcycle= - - 70 rnA 

Other Input= Bin. cycle 
I 

Operating Current VIL/VIR I 
I 

(Read Cycle) ;, VDD=5.5V, CEl=0.2Vltcycle=lfJS - 5 -
CE2=VDD-0.2V 

IDD02 
R/I-J=VDD-0.2V tcycle= - - 60 rnA Other Input= Nin. cycle 

VDD-0.2V/0.2V 

IOUT=OrnA 

IDDSI Standby Current CEl=VIR or CE2=VIL - - 3 rnA 

CEl=VDD-0.2V or Ta=25°C - 0.01 0.2 

IDDS2 Standby Current CE2=0.2V Ta=60°C - - 1.0 fJA 

VDD=2.0"'5.5V Ta=85°C - - 10.0 

,,< Assuming that R/H is Low for Write Cycle, the current consumpt10n 1S nnce as much 
as that when R/H is high for "rite Cycle. 

1 CAPACITANCE 1 (Ta=?5°C f=INRz) - , 

SYHBOL PARMIETER CONDITIONS HAX. UNIT 

CIN Input Capacitance VI!,=GND 10 pF 

COUT Output Capacitance VOUT=GND 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TC55258PL-l0/PL-12/PL-15 
TC55258FL-l0/FL-12/FL-15 

[A.C. CHARACTERISTICS I (Ta=-40'\, 85°C, VDD=5V±10%) 

READ CYCLE 

TC55258PL 
SYMBOL PARAHETER -10/FL-I0 

NIN. NAX. 

tRC Read Cycle Time 100 -
t ACC Address Access Time - 100 

tCOl CEI Access Time - 100 

tC02 CE2 Access Time -
1 100 

tCOE 
Chip Enable (CEl, CE2) to Output in 5 -Low-Z 

tOD Chip Enable (CEl, CE2) to Output in 
High-Z 

- 50 

tOH Output Data Hold Time 10 -

I~ITE CYCLE 

TC55258PL 
SYMBOL PARAHETER -IO/FL-IO 

HIN. ~lA.X • 

tlvC Hrite Cycle Time 100 -
twp \,rite Pulse Hidth 70 -
t~, Cflip Selection to End of Hrite 90 -v~"I' 

tAS Address Set Up Time 0 -
tWR Hrite Recovery Time 0 -
tOD1~ R/I.J to Output in High-Z - 50 

tOEW R/lv to Output in Low-Z 5 -
tDS Data Set Up Time 40 -
tDH Data Hold Time 0 -

[A.C. TEST CONDITIONI 
Input Pulse Levels 2.4V/0.6V 

Timing Heasurement Reference Levels: 2.2V/0.8V 

Output Reference Levels 2.2V/0.8V 

Input Pulse Rise and Fall Time 5ns 

TC55258PL 
-12/FL-12 

~!IN . )lA.X. 

120 -
- 120 

- 120 

- 120 

5 -

- 60 

10 -

TC55258PL 
-12/FL-12 

HIN. NAX. 

120 -
80 -

100 -
0 -
0 -

- 60 

5 -

50 -
0 -

Output Load 100pF + I TTL Gate 
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TC55258PL 
-15/FL-15 UNIT 
NIN. HAX. 
150 -

- i 150 

- 1 150 
- 150 

ns 
5 -

- 70 

10 -

TC5525SPL 
-15/FL-15 UNIT 

NIN. HAX. 

150 -
100 -

120 -
0 -
0 - ns 

- 70 

5 -
60 -
0 -



ITIMING WAVEFOR~1SI 

READ CYCLE (1) 

TC55258PL-10/PL-12/PL-15 
TC55258FL -10/FL-12/FL-15 

ADDRESSES ~ _____________ ~ 
I. tAcc 

CE2 ~~I-------,,-,,-,,-t CO2 ------1 

~,o,~'"' 
Dam 

WRITE CYCLE 1 (R/W Controlled Write) 

___ ; t"C ~ 

ADDRESSES J _____ ~NF--I _ 
6..J '" _1'1 1 I~ tWR .1 R/\v~""':' ----111 

, I 
CE2 

DOUT 
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tcw 

tcw 

tODW 

tDS 

DATA IN 
STABLE 



TC55258PL-l0/PL-12/PL-15 
TC55258FL-l0/FL-12/FL-15 

'''RITE CYCLE 2 (Eft Controlled '''rite) 

ADDRESSES ___ ---"Xf---I -
t\YR I 

R/W 

CE2 

tc'y 

DOvT 

'>( tDS .11~~tr--DH _ 
--------- DATA 1)1 

STABLE 
--------~ 

\,TRITE CYCLE 3 (CE2 Controlled \,Trite) 

twe I 

ADDRESSES 

R/W 

CE2 
, I tew I I 

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

DOvT 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-1 8/FL -12/FL-15 

NOTE: 

(1) RN is High for Read Cycle. 

(2) Assuming that CE1 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 CEI High transition or CE2 Low transition occurs coincident with 

or prior to R/W High transition, outputs remain in a high impedance state. 

IDATA RETENTION CHARACTERISTICS I (Ta=-40'"85°C) 

SYNBOL PARAHETER HIN. TYP. HAX. UNIT 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

Ta=25·C - 0.01 0.2 

I DDS2 Standby Supply Current Ta=60·C - - 1.0 ].JA 

Ta=85·C - - 10.0 

tCDR Chip Dese1ection to Data Retention Hode 0 - -
tR 

].Js 
Recovery Time tRC(l) - -

CEI Controlled Data Retention Hode (2) 

"DD 
\'DD 

DATA RETE:'I.'TIO!' MODE 

4.5\' 

G\'D 
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TC55258PL-l I/PL -12/PL-,15 
TC55258FL-l I/FL .. 12/FL-15 

CE2 Controlled Data Retention Hode (4) 

"DD I. DATA RETE:\TIO~ ~KlDE 

4.5V 

VIH 

"IL 

NOTE: (1) tRC: Read Cycle Time 

(2) In CEl controlled data retention mode, minimum standby current 

mode is achieved under the condition of CEl ~ VDD-O. 2V. 

(3) If the VIR of CEl is 2.2V in operation, during tile period that the 

VDD voltage is going down from 4.SV 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. 

\ 

\ 
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TC55258PL-1 O/PL .. 12/PL .. 15 
TC55258Fl-10/FL-12/FL-15 

3V OPERATION SPECIFICATION 

I D C RECOnrm.lDED OPERATING CONDITIONS I (Ta=-lO"o 60·C) 

SYNBOL PARAHETER HIN. TYP. HAX. UNIT 

VDD Power Supply Voltage 2.7 - 5.5 

VIR i Input High Voltage VDD-0.2 - VDD V 

VIL ! Input LO\-1 Voltage 0 - 0.2 

I D C and OPERATING CHARACTERISTICSI (Ta=-lO"o 60°C VDD=2 7V"o5 5V) . 
SYNBOL PARM1ETER CONDITION HIN. TYP :' HAX. UNIT 

lIN Input Leakage Current VIl\=O "0 VDD - - :'1.0 lJA 

IOH Output Eigh Current VOH=VDD-0.2V -100 - - lJA 

IOL Output LO\-1 Current VOL=0.2V 100 - - lJA 

VOH Output High Current IOH=- 2O lJ A VDD-O.l - - V 

VOL Output Lo,. Voltage IOL =2O lJ A - - 0.1 V 

lLO Output Leakage Current 
CEl=VIH or CE2=VIL or R/h'=VIL - - ±l.O lJA 
VOUT=O "0 VDD 

CEl=VIL • CE2=V1H 

R!iI=VIH 

IDDO 
*.': Operation Current Other Input= 3.0 5.0 rnA tcycle=llJ s -

VDD-0.2V/0.2V 

10UT=OrnA 

I DDS 
CEl=VIR or Ta=25°C - 0.01 0.2 

Standby Current lJA 
CE2=VIL Ta=60°C - - 1.0 

All voltage is measured from G1~. 

* VDD=3V. Ta=25'C. This value ShovlS with typical lot and reference only. 

** IDDO is slightly depending on input pulse tr. tf. If long t r , tf pulse is applied, 

there are some transient current at input stage. These specification is 

guaranteed ,"ith t r , tf < 20ns. 
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TC55258PL-IO/PL -12/PL -15 
TC55258FL-IO/FL-12/FL-15 

3V OPERATION SPECIFICATION 

IA.C. CHARACTERISTICS I (Ta=-10'V60°C, VDD=2.7V'V5.5V) 

READ CYCLE 

SYHBOL P ARAl'lETER 

tRC Read Cycle Time 

t ACC Address Access Time 

tCOl CEl Access Time 

tC02 CE2 Access Time 

tCOE Chip Enable (CEl, CE2) to Output in Low-Z 

tOD Chip Enable (CEl, CE2) to Output in High-Z 

tOH Output Data Hold Time 

mN. TYP. i, NAX. 

1000 - -

- 300 1000 

- 300 1000 

- 300 1000 

5 - -

- - 200 

10 - -

i, VDD=3V, Ta=25°C. This value shows wi th typical lot, and reference only. 

HRITE 

SYHBOL PARAHETER 

tHC Write Cycle Time 

tHP Hrite Pulse h'idth 

tChl Chip Selection to End of Ivri te 

t AS Address Set Up Time 

tl~R Hrite Recovery Time 

tODH R/H to Output in High-Z 

tOEH R/H to Output in Lo1.7-Z _. 
tDS Data Set Up Time 

tDH Data Hold Time 

IA.C. TEST CONDITIONS I 
Input Pulse Levels VDD-0.2V/0.2V 

Timing Measurement Reference Levels: VDD /2 / VDD/2 

Output Reference Levels VDD/2 / VDD/2 

Input Pulse Rise and Fall Time a 20ns 

NIN. 

1000 

500 

800 

100 

100 

-
5 

400 

50 

Output Load 100pF + 1 TTL Gate 
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TIP. HAX. 

- -

- -

- -
I 

- -
- ! -

- 200 

- -

- -

- -

UNIT 

ns 

UNIT 

ns 



TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 

DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 

Unit in mm 

~::::::::::::]] 
;1 
::;, 

1 14 

-', 

~: I 38.0).iAX. 

2.5 4 :::0.2 5 

~ote: 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. 

SOP 28 PIN OUTLINE DRAWING (SOP28-P-450) 

28 15 

14 

I' '" "" 'I~l 
~I_. 

II 0.43:::0.1 111.27+0,1 §'J 
J .• 1( 'r. ·t " 

o 

L~ 

l[d"'"O' J 
T~ 

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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TC55258PL-10/PL-12/PL-15 
TC55258FL -1 O/FL-12/FL-15 
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TOSHIBA MOS MEMORY PRODUCTS 
TC551001 PL-70/PL-85/PL-l0 
TC551001 FL-70/FL-85/FL-l 0 

IDESCRIPTIONI 

The TC55l001PL/FL is 1,048,576 bits static random access memory organized as 
131,072 words by 8 bits usinG CHOS technology, and operated a single 5V pOlVer supply. 
Advanced circuit techniques provide both high speed and low power features with a maxi
mum operating current of SmA/llHz(Typ.) and minimum cycle time of 70/85/l00ns. Hhen 
CEI is a logical high, or CE2 is lOt~, the device is placed in low pOl~er standby mode 
in which standby current is 21JA typ LC:llly. The TC55l001PL/H has three control inputs. 
Chip enable f.nputs (CEl, CE2) allow for device selection and data retention control, 
and an output enable input (OE) provides fast memory access. Thus the TC55l001PL/FL 
is suitable for use in variOlw microprocessor application system I"here high speed, low 
power, and battery back up nre required. 

The TCSSI001PL/FL is offered in both a dual-in-line 32 pin stnndard plastic 
package and small-out line plnst!c flat package. 

!FEATURESI 
Low Power Dissipation 

27 . Sm\~ /HHz CTyp.) 
Standby Current: 100\JA(ti:l::.) 
SV Single POlVer Supply 
POtver DOl"" Feature: CEl, eEL 

IPIN CONNECTION I (TOP VIEH) 

NoC. Vll/) 

A16 Al5 
.\14 CF,2 
A12 R/W 

i\ ;- AD 

A" ,\.4 

A5 A~\ 

AI All 
A3 fif. 
A2 AlO 
AI CEI 
AD L ()~ 

I/O! L 07 

1/02 V\)fi 

Vb3 1/05 
GND I/O I 

IPIN NAf1Esi 
AO '\, Al6 Address Inputs 

R/H 
Read/Write Contro~ 
Input 

OE Output Enable Input 
CEl, CE2 Chip Enable Inputs 
I/Ol '\, 1/08 Data Inputs/Outputs 

--
VDD POt"er (+5V) 

- Ground ----GND 
1---._--- ---
N.C. No Connection 

Data Retention Supply Voltage: L.') '\, 5.5V 
Access Time 

~ TC551001 TC5SI0()1 
I'Lv'FL-70 I'L/FL-1lS 

Access Time (,lax. ) 70ns 85ns 
CEI Access Time (;-1a:,. ) 71)ns 85ns 
CE2 Access Time CI2:-:. ) 70ns 85ns 
OE Access Time (Ha::. ) 40ns 45n8 

TC5!;1001 
1'1,/1'1,--10 

lOOns 
lOOns 
lOOns 

SOns 
Directly TTL Compatible: All lnp"ts and Outputs 
Plsatic DIP nnd Plastic Flat PacL:-,~e 

IBLOCK DIAGRN011 

A 
A 
A 
A 
jl 
A 
A 
1\ 
A 

L 0 

L-() 

4 o-r;}-
50--", 
6 g:=: t.l'" ,.. O:~ 

;~t= §t 
13 -: '2 
li~~-
l~O--~ '--r-
1 

~ 

~ 

~ 

~. 

~ 

H 

~ 

d-
'l:l;:: 
t.:Jti! 
c::::-
':::;r. 

S::: 
';:;S 

>-s-
L 

c: 

~ -
"" ~ 

,OF. . , 

rd- ~ / 

'" ~IE\i( >IIY ~.= ('ELL 
-~ 
~c IHILI Y r2 58 512- 0 [;1<32 

'" >c ( 10 I ~:;7r, ) '" I) C-

I I 
E 8 

SP.~Slo: ANI'. § 
.l..-..l U>LI!MN ADDRESS 

DECODEH 

'- l'OLL1>1N ADIJRESSl 

"'~ DECODEH r 
:.H..J 

3ti H COLL'!IIN Aj)!)HF.SSl-
..::.:. UIJ F F E1t 

A~ ~I ~2'~' ~ ~jJl ~E 

()f. 

It. \ ... 

i'r.1 ~ fD-
~ 

CE 

(' P.2 
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TC551001P~70/P~85/P~10 
TC551 001 FL-70/FL-85/FL-1 0 

IOPERATION MODEl 

OPERATION MODE CEI 

Read L 

Write L 

Output Deselect * 

H 
Standby 

* 

*: H or L 

I MAXIMUM RATINGS I 
SYHBOL ITEM 

VDD Power Supply Voltage 
~VIN Input Voltage 

CE2 

H 

H 

* 

* 

L 

VIIO Input and Output Voltage 

PD Power Dissipation 

Tsolder Soldering Temperature 

Tstrg. Storage Temperature 
.. 
lopr. I Operat~ng Temperature 

OE 

L 

* 

H 

* 

* 

*: -3.0V at pulse width SOns MAX. **: SOP 

ID.C. RECOMMENDED OPERATING CONDITIONS I 
SYMBOL PARAI'!ETER 

VDD Power Supply Voltage 

VIR Input High Voltage 

VIL Input Low Voltage 

VDR Data Retention Supply Voltage 

*: -3.0V at pulse width SOns MAX. 

- 0.-88 -

R/W 1/01'" 1/08 POWER 

H DOUT IDDO 

L DIN IDDO 

* High-Z IDDO 

* High-Z IDDS 

* High-Z IDDS 

RATING UNIT 

-0.3'" 7.0 V 

-0.3* '" 7.0 V 

-0 • 5 '" VDD+O • 5 V 

1.0/0.6** W 

260 • 10 ·C • sec 

-55 "'ISO ·C 

·C 

MIN. TYP. MAX. UNIT 

4.5 5.0 5.5 

2.2 - VDD+O·3 

-0.3 * 0.8 V -
2.0 - 5.5 



TC551 00 1 PL-70/PL-85/PL-l 0 
TC551 001 FL -70/FL-85/FL-l 0 

I 0 C and OPERATING CHARACTERISTICSI (Ta=O '\, 70°C VDD=SV::lOn , . 
SYHBOL PARAHETER TEST CONDITION HIK. TYP. HAX. UNIT 

IIL Input Leakage Current VIK=O '\, VDD - - _1.0 lJA 

IOH Output High Current VOH=2.4V -1.0 - - mA 

10L Output LoW" Current VOL=0.4V 4.0 - - mA 

110 Output Leakage Current 
CEl=VIH or CE2=VIL or 

- - ~1.0 lJA 
OE=VIH • VOUT=O rv VDD 

CEl=VIL and CE2=V1H 

and R/W=V1H • 1OUT=OmA 
1DDOl 1nput=V1H/V1L 

- - 80 mA Other 

tcycle=Min. cycle 
Operating Current 

CEl=O.2V and CE2=VDD-0.2V 

R/W=VDD-O. 2V • 1OUT=OmA 
70 IDD02 - - mA 

Other Input=VDD-0.2V/0.2V 

tcycle=Min. cycle 

IDDSI CEl=VIH or CE2=VIL - - 3 mA 

CEl=VDD-0.2V or CE2=0.2V 

IDDS2 
Standby Current 

VDD=2.0V,,- 5.SV, - - 100 lJA 
Ta=Orv70oC I 

ICAPACITANCEI (Ta=25°C f=lMHz) , 

SYMBOL PARAMETER TEST C01'DITION MAX. UNIT 

CIN Input Capacitance Vm=GND 10 

COUT Output Capacitance VOUT=G1'D 10 
pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC551 001 PL-70/PL-85/PL-l0 
TC551 001 fL-70/fL -85/fL-l 0 

I A. C. CHARACTER I STICS I (Ta=O'V 70 Q C, VDD=5V±10%) 

Read Cycle 
TC551001PL-70 

SYMBOL PARAMETER TC55100lFL-70 

MIN. MAX. 

tRC Read Cycle Time 70 -
tACC Address Access Time - 70 

tCOl CEI Access Time - 70 

tC02 CE2 Access Time - 70 

tOE Output Enable to Output in Valid - 40 

tCOE 
Chip Enable (CEl, CE2) to Output 5 -
in Low-Z 

tOEE Output Enable to Output in Low-Z 0 -
Chip Enable (CEl, CE2) to Output - 30 tOD in High-Z 

tODO Output Enable to Output in High-Z - 30 

tOH Output Data Hold Time 10 -

Write Cycle 
TC551001PL-70 

SYMBOL PARA"1ETER TC551001FL-70 

MIN. MAX. 
rT,. ..... "Tr.i.Lt: Cycle Time 

I 
70 

I 
-WV -
t\,P \,Trite Pulse Width 50 -
tcw Chip Selection to End of Write 65 -
tAS Address Set up Time 0 -
tWR Write Recovery Time 0 -
tom~ R/W to Output iIi High-Z - 30 
tOEW R/W to Output in Low-Z 0 -
tDS Data Set up Time 35 -
tDH Data Hold Time 0 -

A.C. TEST CONDITION 
Output Load 

Input Pulse Level 

Timing Measurement 

100pF + 1 TTL Gate 

0.6V, 2.4V 

Reference Levels 

t r , tf 

VIN 0.8V, 2.2V 

VOUT: 0.8V, 2.2V 

5ns 
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TC551001 PL-85 TC5S1001PL-I0 
TC5S1 001 FL-85 TC551001FL-IO UNIT 
MIN. }1AX. MIN. MAX. 

85 - 100 -
- 85 - 100 

- 85 - 100 

- 85 - 100 

- 45 - 50 

10 - 10 - ns 

0 - 0 -

- 30 - 35 

- 30 - 35 

10 - 10 -

TC5 51 001 PL-B5 TC55l00lPL-10 
TC551001 FL-85 TC55l001FIr-lO UNIT 

MIN. MAX. MIN. "',AX. 
I 

8:, 
I I - lUU -

60 - 60 -
75 - 80 -

0 - 0 -
0 - 0 - ns 

- 30 - 35 

0 - 0 -
35 - 40 -

0 - 0 -



ITIMING WAVEFORMSI 

READ CYCLE (1) 

TC551001 PL-70/Pl-85/PL-10 
TC551 001 FL-70/Fl·85/FL~ 10 

tooo 

DOUT OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (RN Controlled .Jrite) 

twc ¥ 
--------"~I '------

'. tV,R ~ 
twp 

R/W 

tcw 

tcw 

tOD'" I ", 
(2) 

'I 
tOEW 

(3) 

i" tDS .\! i tffi 
DIN ________ --J~ DATA IN STABLE X-----------
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TC551001PL-70/PL-85/PL-l0 
TC551 001 fL-70/fL-85/fL-l 0 

WRITE CYCLE 2 (4) (CIT Controlled Write) 

twc 

ADDRESSES 

t\'o'P 
R/W 

CE2 

t C'I\' 

tODW 

E tDS .I~ 
rw;xxxxx~ II. 

DIN ====~~~~~~~~~_-_--, __ DATA IN STABLE~,-r-============= 
h~ITE CYCLE 3 (4) (CE2 Controlled Write) 
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TC551 081 PL -70/PL-85/PL-l 0 
TC551 001 FL-70/FL -85/FL-1 0 

NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CEI 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 ~ 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=O '\, 70·C) 

SYMBOL PARAHETER HIN. TIP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

VDD=3.0V - - 50 
IDDS2 Standby Current IlA 

VDD=5.5V - - 100 

tCDR Chip Deselection to Data Retention Mode a - - nS 

tR Recovery Time 5 - - mS 

GEl Controlled Data Retention Mode (1) 

DATA RET~TION MODE 

VDD- O.2V 

GND ----------------------------------------------------
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TC551 001 PL-70/PL-85/PL-l 0 
TC551 001 FL-70/FL-85/fL-l 0 

CE2 Controlled nata Retention Mode (3) 

NOTE: 

VDD 

4.5 V 

GND 

DATA RETENTION MODE 

0.2 V 

(1) In CE1 controlled data retention mode, minimum standby current mode 

is achieved under the condition of CE2:;O.2V or CE2~Vnn-O.2V. 

(2) If the VIH of CE1 is 2.2V in operation, during the period that the 

Vnn voltage is going down from 4.5V to 2.4V, InnS1 current flows. 

(3) In CE2 controlled data retention mode, minimum standby current mode 

is achieved under the condition of CE2;; O.2V. 
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TC551 00 1 PL -70/PL-85/PL-l 0 
TC551 001 FL-70/FL-85/FL-l 0 

DIP 32 PIN OUTLINE DRAWING (DIP32-P-600) 
Unit 

32 17 

] ~ 
16 

N 
0 M 

-+I 0 
'" -H ..; 

"l .,. 

:;;~ 
M 
0 

o::E +I 

"' ..; 
1.96 TYP 

• I I" I+lo.25®1 

Note) Package width and length do not include mold protrusion. 
Allot~able mold protrusion is O.15mrn. 

MFP 32 PIN OUTLINE DRAWING (SOP32-P-450) 

32 17 
----,-

O.775Tl'P I -l-l-- [I 0.35±O.1 1~ 0.775TYP 

I W1J I Ij~ [ 0.12 ~. I I:;: I 

00 
+1 

'" 
.,; 

in mrn 

-
M C 
"': 0 - "' - .,. 

'-' 

~il~ '--lQIQTI ~ '" 
+I 
a> 

-:~l 
I .1 0.8 ± 0.2 

o 

Note) Package width and length do not include mold protrusion. 
Allowable mold protrusion is O.15mrn, 
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TOSHIBA MOS MEMORY PRO'D,UCTS 
32,768 WORD x8 BIT CMOS PSEUDO STATIC RAM 

SILICON GATE CMOS 

TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 

DESCRIPTION 

The TC51832P/SP/F is a 256K high speed CMOS 
pseudo static RAM organized as 32,768 words by 8 bits. 
The TC51832P/SP/F utilizing one transistor dynamic 
memory cell with CMOS peripheral circuit provides 
large capacity, high speed and low power features. Sys~ 
tem oriented features include single power supply of 
5V ± 10% tolerance. The 0 E/RFSH input allows two 
types of refresh operation - auto refresh and self 

FEATURES 

• Organization: 32,768 word x 8 bit 
• Fast Access Time and Cycle Time 

TC51832P/ TC51832P/ TC51832P/ 
SP/F~85 SP/F~ 10 SP/F-12 

tCEA C E Access Ti me 85ns lOOns 120ns 

tOEA o E Access Time 35ns 40ns 50ns 

RC Cycle Time 135ns 160ns 190ns 
---

• Single Power Supply: 5V ± 10% 
• Static RAM like Write Function 
• All inputs and outputs: TTL Compatible 

PIN CONNECTION (TOP VIEW) 

Al4 

A12 
A7 

A6 A8 

refresh. The TC51832P /SP/F also features static RAM 
like write function that the input data is written into the 
memory cell at the rising edge of R/W, thus being easy to 
interface with microprocessor. The TC51832P/SP/F is 
a pin-compatible with 256K bit CMOS static RAM -
TC55257P and is moulded a staQdard 0.6 inch and 0.3 
inch width plastic DIP and small-out line plastic flat 
package. 

• Low Power Dissipation 
Operating: (Max I 

303mW (TC51832P(SP/F·851 
248mW (TC51832P(SP(F-l01 
220mW (TC51832P/SP/F-121 

Standby: 5.5mW (Max.1 
Self Refresh: 5.5mW (Max.1 

• Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 

.'<5 A9 BLOCK DIAGRAM 
A4 All 

A3 OE/Rnil 

A2 
Al CE 
..... 0 1/08 

:i./Ol 1/07 

1/02 1/06 
1/03 1/05 

GCiD 1/04 

PIN NAMES 

AO-A14 Address Inputs 

R/W Read/Write Control Input 

OE/RFSH Output Enable/Refresh Input 

CE Chip Enable Input 

1/01 - 1/08 Data Input/Output 

Voo Power (+5VI 

GND Ground 

~vo---~LJ--------------------------~ 
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TC51832P/SP/F-85, TC51832P/SP/F-l0 
TC51832P ISP IF-12 

MAXIMUM RATINGS 

SYMBOL ITEM 

VIN Input Voltage 

VOUT Output Voltage 

Voo Power Supply Voltage 

T aPR Operating Temperature 

TSTG Storage Temperature 
,------,-'" ,----,----,---,--

T SOLDE R Soldering Temperature·Time 

Po 1-' Power Dissipation 

RATING UNIT NOTES 
"- ~--,-

-1.0~7,0 V 

-1.0~7,0 V 

-1.0 ~ 7.0 V 
1--' 

O~ 70 °c 

°E 1 
-55 ~ 150 

e--' °C·se~---260·10 
,-"-

600 mW 
_._----_. -~~------- --

lOUT Short Circu it Output Current 50 
--~,--- ---,-"-------,- ,---'"---_ .. _--

D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 ~ 70°CI 

ITEM MIN, TYP, 
"'-----------,1-,-,--"4-'------+ 

Voltage 4,5 5,0 
,---+--,,--""'" 

2.4 

-1,0 

D.C. ELECTRICAL CHARACTERISTICS (Voo = 5V ± 10%, Ta = 0 ~ 70°C) 
----,-~- -~-~--~.-

PARAMETER 
,----..,-------' 

SYMBOL 

1000 

OPERATING CUR RENT 
ply Operating Current Average Power Sup 

ICE, Address Cyel ing: tRc= tRcMINI 
t-----+=STANDBy CURR 

._ ... _._-- ,---
ENT 1 

I DDS1 Power Supply Stan 
ICE = OE/RFSH = 

dby Current, TTL Level Input 
VIH I 

SELF REFRESH C URRENT 
IOOF Average Power Sup ply Self Refresh Current 

rl~ ",....,"\ Ir-c:_\,~~ n...-,\f ~ 
\'-''- - VUU-V.LV, V L/rl,-0n - U.LVI 

----+-~--,---
INPUT LEAKAGE 

_._----
CURRENT 

II I LI rent, any Input 

,-,-,--,-, 

TC51832P/SPiF,85 
,-

TC51832P/SPiF'~~ 

TC51832P/SP/F,12 
,-----

,---

I nput Leakage Cur 
(OV < VIN < Voo ,All Other Inputs not under Test = OVI 

IOILi 
E CURRENT OUTPUT LEAKAG 

(DOUT is disable, 0 V < VOUT< VDol 
--------,---,.-

I-V-O-H--+-O-UT-P-U-T HIGH L EVEL 
Output "H" Level 

OUTPUT LOW LE 
Output "L" Level 

Voltage (IOUT=-5mAI 

VEL 
Voltage (lOUT = 4,2mAI 

- E-4 -

MIN, 

-
-----

-'--' 

---

-

1---"-" 

-

-10 

-10 

2.4 

-
I 

mA 
-.~~-

,-,-

MAX, UNIT NOTES 

55 
-"--

-~ mA 3,4 
40 

--,- 1-,,-, 

1 mA 

1--' 

1 mA 

~ 
10 /.lA 

10 /.lA 

- V 

0.4 V 



TC5 1832 P/SPIF-85, TC51832P ISP/F-l 0 
TC51832P/SP/F-12 

ELECTRICAL CHARACTERISTCS AND RECOMMENDED AC OPERATING CONDITIONS 
(Voo ~ 5V ± 10%, Ta ~ 0 - 70°C) (Notes 5, 6, 7, 8, 9) 

TC51832P/ TC51832P/ TC51832P/ 
SYMBOL PARAMETER SP/F·85 SP/F-l0 SP/F-12 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 135 - 160 - 190 - ns 

tRMW Read Write Cycle Time 200 - 240 - 280 - ns 

tCE CE Pulse Width 85 10,000 100 10,000 120 10,000 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 Low-Z 10 - 10 - 10 - ns 

tOl.Z OE to Output in Low-Z 0 - 0 - 0 - ns 

tWlz R/W to Output in Low-Z 0 - 0 - 0 - ns 

tCHZ CE to Output in High-Z 0 25 0 30 0 35 ns 10 

tOHz OE to Output in High-Z 0 25 0 30 0 35 ns 10 

tWHZ R/W to Output in High-Z 0 25 0 30 0 35 ns 10 

tOHC OE Hold Time Referenced to CE 0 - 0 - 0 - ns 

tosc OE Set·Up Time Referenced to CE 10 - 10 - 10 - ns 

t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 

twp Write Pulse Width 60 - 70 - 85 - ns 

tWCH Write Command Hold Time 60 - 70 - 85 - ns 

tcwl Write Command to CE Lead Time 60 - 70 - 85 - ns 

tosw Data Set-Up Time Referenced to R/W 35 - 40 - 50 - ns 11 

tosc Data Set-Up Time Referenced to CE 35 - 40 - 50 - ns 11 

tOHW Data Hold Time Referenced to R/W 0 - 0 - 0 - ns 11 

t OHC Data Hold Time Referenced to CE 0 - 0 - 0 - ns 11 

t ASC Address Set-Up Time 0 - 0 - 0 - ns 12 

t AHC Address Hold Time 20 - 25 - 30 - ns 12 

~EC-- Auto Refresh Cycle Time 135 - 160 - 190 - ns 

t RFO CE to RFSH Delay Time 40 - 50 - 60 - ns 

t FAP RFSH Pulse Width (Auto Refresh Cycle) 80 8,000 80 8,000 80 8,000 ns 13 

t FP RFSH Precharge Time 30 - 30 - 30 - ns 13 

tFCE RFSH Active to CE Delay Time 160 - 190 - 225 - ns 13 

tFSR 
RFSH Precharge to CE Delay Time 

65 - 80 - 95 - ns 13 
(Auto Refresh Cycle) 

tFAS RFSH Pulse Width (Self Refresh Cycle) 8,000 - 8,000 - 8,000 - ns 13 

tFRS 
RFSH Precharge to CE Delay Time 

160 - 190 - 225 - ns 13 
(Self Refresh Cycle) 

tFST 
RFSH Set-Up Time 

10 30 10 30 TO 30 
(Refresh Counter Test Cycle) 

ns 

RFSH Hold Time 
65 8,000 65 8,000 65 8,000 tFHT (Refresh Counter Test Cycle) 

ns 

tREF Refresh Period - 4 - 4 - 4 ;ns 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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TC51832P/SP/f-85, TC51832P/SP/F-l0 
TC51832P/SP/F-12 

CAPACITANCE (Voo; 5V, f; 1 MHz, Ta; 25°C) 

SYMBOL PARAMETER 

Cll Input Capacitance (AO - A 14) 

CI2 Input Capacitance (CE, OE/RFSH, RNV) 

CIO Input/Output Capacitance (i/01 - 1/08) 

NOTE: This parameter is periodically sampled and is not 100% tested. 

NOTES: 

MIN. MAX. UNIT 

- 5 pF 

- 7 pF 

- 7 pF 

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

2. All voltages are reference to GND. 
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 1 ms with high CE and high OE/RFSH is requ ired after power-up before proper device 

operation is achieved. 
6. AC measurements assume tT = 5ns. 
7. VIH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between VIH and VI L . 
8. Measured with a road equivalent to 2 TTL laods 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 = VI L and IT = VIH , respectively. 
10. tCHZ' tOHZ, tWHZ define the time at which the output achieves the open circuit condition and is not 

reference to output voltage levels. 
11. In write cycles, the iQPut data is latched at the earlier of R/W or CE rising edge. Therefore the input data 

must be valid during set-up time (tosw, tosc ) and hold time (tOHW, tOHcl. 
12. A.!! address are latched at the fa!!i~g edge of CE, Qnd must be vn!id during tASC and tAHe. 

13. Two refresh operation - auto refresh and self refresh are determined by the OE/R FSH pulse width under the 
condition of CE = V IH . 

Auto refresh: OE/RFSH pulse width ~ 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: t FCE and t FSR 
Self refresh: t FRS 
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TIMING WAVEFORMS 

• READ CYCLE 

AO-A14 

TC51832P/SP/F-85, TC51832P/SP/F-l0 
TC51832P/SP/F-12 

V IH - --~f--------------I 
VIL -

ADDRESS 

tOHC 

V IH - ---+t---.,;,.. 
VIL -

VIH ----~_4+_--_H--------------r-+_-~----

VIL --

tOHZ 

1/01- 1/0 8 V OH - ---+---t----<V 
VOL -

DATA-OUT 

liZ] Don't Car~~ 

• WR ITE CYCLE RC 

tp I 

J 1\ 
tCE 

'1\ 

L tAsc ~ 
AQ-A14 ADDRESS (111111111111111 IJjjj I I I I I IIIIIIIIIIIIII/; 

L tosc ~ 
J tWCH "-

tcWL 

twp 

\ 
tDSw I tDHW 

tDSC I tDRc 

1/01-1/08 vIH-- DATA- IN 
vlL --

~ Don't Care 
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TC51832P/SP/F-85, TC51832P/SP/F-l0 
TC51832P/SP/F-12 

• READ WRITE CYCLE 

RMW 

CE VIH 

VIL -

tp 
tCE r--

~ 1\ 

~ tAHC , 
AO-AH VIH -

VIL-

o Ej/RFSH 
VIH 

VIL -

V 1H -

V IL -

ADDRESS !/I/ / / /////////////////////////////////////////// 
tOHC II .~ ....::.::.:.. 

I I 
~ 

tcWL 

I twp 

J \ 
tDSW tDHW I 

tDSC ~ 
,IN 

VIH-

VIL -

V01-V08 

LOUT 
VOH-

VOL-

DATA-IN 

tCEA ,tWHZ 

~ tOR tOHZ ~ 
~ DATA-OUT "~ 

tOLZ 

tCLZ IZZa Don't Care 

• CE ONLY REFRESH CYCLE 

VIH _-~---i 1---------------1 t:==~=t 
vIL-

tAHC 

AO-A? ADDRESS 

VIH-----~~------------------------~-------~· 

VIL-

VIH-----~~------------------------~-------

VIL-

1/01-1/08 VOH - OPEN 
VOL---------------- ---------~ 

E221Don /t Care 
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TC51832P/SP/F-85,TC51832P/SP/F-10 
TC51832P/SP/F-12 

• AUTO REFRESH CYCLE 

tRFD 

VI H -----~ f-----! 1:====1. r----1 
VIL _ 

1/01-1/08 VOH_ 
VOL _--------- OPEN 

NOTE: AO ~ A 14, R!W = Don't Care 

• SELF REFRESH CYCLE 

CE ''"-~ 

~" y "Mt vIL - tRF~ 

OE;/RFSH v1H -\t 
VIL -

1/01-1/08 VOH - _________ _ 
OPEN 

VOL -

NOTE: AO ~ A 14, R/W = Don't Care 
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TC51832P/SP/F-85, TC51832P/SP/F .. l0 
TC51832P/SP/F .. 12 

• REFRESH COUNTER TEST CYCLE (READ WRITE) 

tRMW l' " c~~ ~'-- ~~ VIH - - -. tCE r -
VIL - 11 

~~: -Ifllll/ll /II ////1///////1/11/ ////1/11 /////11 ////11/ !I!I// //11/////// AO-A14 

1 tFRD I II ~ tFST tFHT I 's. l' ! 
I tRCS tCWL J 

l 

! \ tIVP 
V 

OlVRFSH VIH 

VIL -

VIH 

VIL -
tDSW Jl'DHW 
tDSC I~ 

VIH _ 

,IN VIL -
DATA-IN 

"tWHZ. 

'CEA I tOHZ ItwLz tCHZ 

~ DATA-OUT ~ 
tCLZ 

1/01-1/08 

LOUT 
VOH -

VOL -

~Don't Cace 

REFRESH COUNTER TEST 
The internal refresh operation of TC51832P/SP/F can be tested by REFRESH COUNTER TEST. 

This cycle performs R EADIWR ITE operation taking the internal counter address as row address 
and fixed zero as column address. 
The test procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 
Q) Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
(3) Check "1" out of 256 bits at normal read mode, which was written at Q). 
@ Read "1" out and write "0" in each cell by performing 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 

:i 
H 
:>I 
It) 

"" 

>< 
< 
:>I 

'" os:i 

28 

1 

28 

(6D28A-P) 

TC5183ZP1SP/F-85, TC51832P/SP/F-l0 
TC5183ZP/SP/F-IZ 

15 

Unit in mm 

I>< 
< 
;:;I 

'" ,..# ,... 

14 

15.24 ±0.2 5 
38.0 MAX 

O.S ±0.1S 

1.4. ±0.15 

2.54 ± 0.2 5 

14 

" " " (J 

a-ISO 

/I 0.2s~g:65 

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. 
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TC51832P/SP/F-85, TC51832P /SP/F-l 0 
TC51832P/SP/F-12 

• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

28 

1 

15 

14. 

I ".,.AX. I ~. : ~ 
~~ 

M 
ci 

Unit in nun 

~ I 118 ± 0.3 I 
2 ~ ~r------..~ 

.1 1;5 ± 0.4 

NOTE: Lead pitch is 1.27 and tolerance is ± 0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 
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TOSHIBA MOSMEMORY PR,ODU,CTS 
32. 768WORDx8BIT CMOS PSEUDO STATIC RAM TC51832Pl/SPl/FL-85, TC51832Pl/SPl/FL-10 
SILICON GATE CMOS TC51832Pl/SPl/FL-12 

DESCRIPTION 

The TC51832PL/SPL/F L is a 256K bit high speed 
CMOS pseudo static R AM organized as 32.768 words by 
8 bits. The TC51832PL/SPL/FL utilizing one transistor 
dynamic memory cell with CMOS peripheral circuit 
provides large capacity, high speed and low power 
features. System oriented features include single power 
supply of 5V ± 10"10 tolerance. The OE/R FSH input 
allows two types of refresh operation - auto refresh and 

FEATURES 

• Organization: 32,768 word x 8 bit 
• Fast Access Time and Cycle Time 

self refresh. The TC51832PL/SP L/F L also features static 
RAM like write function that the input data is written 
Into the momory cell at the rising edge of R/W, thus 
being easy to interface with microprocessor. The 
TC51832PL/SPL/FL IS a pin-compatible with 256K bit 
CMOS static RAM - TC55257P and is moulded a 
standard 0.6 inch and 0.3 inch width plastic DIP and 
small out-line plastic flat package. 

• All inputs and outputs: TTL Compatible 
• Low Power Dissipation 

Operating: (Max.) 
TC5l832PL/ TC51832PL/ TC5l832PL/ 303mW (TC51832PL/SPL/FL-85) 

248mW (TC51832PL/SPL/FL-l0) 
220mW (TC51832PL/SPL/FL-12) 

SPL/FL-85 

tCEA CE Access Time 85ns' 

tOEA OE Access Time 35ns 
----

t RC Cycle Time 135ns 

• Single Power Supply: 5V ± 10% 
• Static RAM like Write Function 

PIN CONNECTION (TOP VIEW) 

AU VDD 

A12 ;0 R/W 

A7 J Al3 
AS " A8 

A5 5 2" A9 
A4- 6 23 All 
A3 7 22 OE RFSH 
A2 8 21 AIO 
Al 9 20 CE 
AO 19 I/08 

1/01 18 1/07 
1/02 17 1/06 
I/03 13 16 1/05 
O~D 14 15 1/04 

PIN NAMES 

AO-A14 Address Inputs 

RNJ Readt\Nrite Control Input 

OE/RFSH Output Enable/Refresh Input 

CE Chip Enable Input 

1/01 - 1/08 Data Input/Output 

Voo Power (+5V! 

GND Ground 

SPF/FL-l0 SPF/FL-12 

lOOns 

40ns 

l60ns 

120ns 

50ns 

190ns 

BLOCK DIAGRAM 

Standby: 1.1mW (Max.) 
Self Refresh: 1.1mW (Max.) 

• Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 

ON']) 

A14-A8 7 

A7-AO 

7 COLUMN 
DECODER 

R/W o---~J----------------' 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-l0 
TC51832PL/SPL/FL -12 

MAXIMUM RATINGS 

SYMBOL ITEM RATING 

VIN I nput Voltage -1.0~7.0 

VOUT Output Voltage -1.0~7.0 

VDD Power Supply Voltage -1.0 ~ 7.0 

TOPR Operati ng T emperatu re 0~70 

TSTG Storage Temperature -55~ 150 

TSOLDER Soldering Temperature·Time 260·10 

PD Power Dissipation 600 

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

D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 ~ 70°C) 
--r------

SYMBOL ITEM MIN. TYP. 
------~- - --- - f----

VDD Power Supply Voltage 4.5 5.0 
----~--- - - -- --

VIH Input High Voltage 2.4 -
._- --- ----- - I- --------r-- ----

VIL Input Low Voltage -1.0 -

D.C. ELECTRICAL CHARACTERISTICS (VDD = 5V ± 10%, Ta= O~ 70°C) 

SYMBOL PARAMETER 
-

OPERATING CURRENT TC51832PL/SPL/F L-85 
I DDO Average Power Supply Operating Current TC51832PL/SPL/F L-10 

(CE, Address Cycling: tRC = tRC MIN) TC51832PL/SPL/FL-12 

STANDBY CURRENT 1 
IDDS1 Power Supply Standby Current. TTL Level Input 

(IT = OE/RFSH = VIH) 

STANDBY CLJRRENT 2 

IDDS2 Power Supply Standby Current, CMOS I:.evel Input 
(CE = OE/R FSH = VDD-0.2V) 

SELF REFRESH CURRENT 
IDDF Average Power Supply Self Refresh Current 

(CE = VDD-0.2V. OE/RFSH = 0.2V) 

INPUT LEAKAGE CURRENT 

I ilL) Input Leakage Current, any Input 
(OV .. VIN .. VDD, All Other Inputs not under Test = OV) 

IOILi 
OUTPUT LEAKAGE CURRENT 
(DoUT is disable, OV .. VOUT .. V DD) 

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

VOL OUTPUT LOW LEVEL 
Output "L" Level Voltage (loUT = 4.2mA) 

- E-14 -

UNIT NOTES 

V 1 
V 1 

V 1 
°c 1 
°c 1 

°C·sec 1 

mW 1 
mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.5 V 2 
---- ----_.-'----~ 

0.8 V 2 

MIN. MAX. UNIT NOTES 
--- 55 

- 45 mA 3,4 

- 40 

- 1 mA 

- 0.2 mA 

- 0.2 mA 

-10 10 p.A 

-10 10 p.A 

2.4 - V 

- 0.4 V 



TC51832PL/SPL/FL-85, ,TC51832PUSP[JFL~UJ 
TC51832PL/SPL/FL-12 ... 

'" ,',' 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Voo ~ 5V ± 10%, Ta = 0 -70°C) (Notes 5, 6, 7, 8, 9) 

TC51832SPL/ TC51832PL/ TC51832PL/ 
SYMBOL PARAMETER SPL/FL·85 SPL/FL·10 SPL/FL·12 I 

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

tRC Random Read or Write Cycle Time 135 - 160 - 190 - ns 

tRMW Read Write Cycle Time 200 - 240 - 280 - ns 

tCE CE Pu Ise Width 85 10,000 100 10,000 120 10,000 ns 

tp CE Precharge Time 40 - 50 - 60 - ns 
I 

.. 

CE Access Time tCEA - 85 - 100 - 120 ns 

tOEA OE Access Time - 35 - 40 - 50 ns 

tCLZ IT to Output in Low-Z 10 - 10 - 10 - ns 

tOLZ OE to Output in Low-Z 0 - 0 - 0 - ~ -~----. 

tWLz R/W to Output in Low·Z , 0 - 0 - 0 - ns 

tCHZ CE to Output in Hlgh-Z 0 25 0 30 0 35 ns 10 

tOHZ OE to Output in High-Z 0 25 0 30 0 35 ns 10 

~. R/W to Output in High-Z 0 25 0 30 0 35 ns 10 

t OHC OE Hold Time Referenced to ·CE 0 - 0 - 0 - ns 

......!()SC OE Set-Up Time Referenced to CE 10 - 10 - 10 - ns 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
---.,"--- --~----. --~-"----. 

tRCH Read Command Hold Time 0 - 0 - 0 - ns -----------_.-. 
twp Write Pulse Width 60 - 70 - tl.!L_ ns 

, 
t--

tWCH Write Command Hold Time 60 - 70 -~ -
r-ns .. _-r-- ... -- -.----

tCWL Write Command to CE Lead Time 60 - 70 - 85 - ns 
--~ --~.-- ----

tosw Data Set-Up Time Referenced to R/W 35 - 40 - 50 - ns 11 

tosc Data Set·Up Time Referenced to CE 35 - 40 - 50 - ns 11 . _-- .. _--'-- . 

tOHw LData Hold Time Referenced to R/W 0 - 0 - 0 - ns 11 

tOHC I Data Hold Time Referenced to CE 0 - 0 - 0 , - ns 11 
----

I tASC Address Set-Up Time 0 - 0 - 0 - ns 12 
I 

tAHC Address Hold Time 20 I - , 25 - 30 ! - ns 12 I 

I tFC Auto Refresh Cycle Time 135 - 160 - 190 I - ns 

tRFO CE TO RFSH Delay Time , 40 - 50 - 60 - ns 
1---- ._-

I tFAP RFSH Pulse Width (Auto Refresh Cycle) 80 8,000 80 8,000 80 8,000 ns 13 

tFP RFSH Precharge Time 30 - 30 - 30 - ns 13 

tFCE RFSH Active to CE Delay Time 160 - 190 - 225 - ns 13 

tFSR 
RFSH Precharge to CE Delay Time 

65 - 80 - 95 - ns 13 (Auto Refresh Cycle) 

t FAS RFSH Pulse Width (Self Refresh Cycle) 8,000 - 8,000 - 8,000 - ns 13 

tFRS 
RFSH Precharge to CE Delay Time 

160 - 190 - 225 - ns 13 (Self Refresh Cycle) 

tFST 
RFSH Set-Up Time 

10 30 10 30 10 30 (Refresh Counter Test Cycle) ns 

tFHT 
RFSH Hold Time 

65 8,000 (Refresh Counter Test Cycle) 65 8,000 65 8,000 ns 

tREF Refresh Period - 4 - 4 - 4 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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TC51832Pl/SPl/FL-85, TC51832Pl/SPl/FL -10 
TC51832Pl/SPl/FL-12 

CAPACITANCE (Voo = 5V, f = lMHz, Ta = 25°C) 

SYMBOL PARAMETER MIN . 
. -

Cll Input Capacitance (AO- A14) -

CI2 Input Capacitance (CE, OE/RFSH, RtN) -

CIO Input/Output Capacitance (1/01 - 1/08) -

NOTE: This parameter is periodically sampled and is not 100"10 tested. 

NOTES: 

MAX. 
-~ 

UNIT 

5 pF 

7 pF 

7 pF 

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

2. All voltages are reference to GN D. 
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 1 ms with high CE and high OE/RTSH is required after power-up before proper device 

operation is achieved. 
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. The OE/RFSH input operates as the output enable input (GE) and refresh control input (RFSH) under the 

condition of that CE = Vil and CE = VIH ,respectively. 
10. tCHZ, tOHz, tWHZ define the time at which the output achieves the open circuit condition and is not 

reference to output voltage levels. 
11. I n write cycles, the input data is latched at the earl ier of R/W or CE rising edge. Therefore the input data 

must be valid during set-up time (tosw , t DSC ) and hold time (tOHw, tOHcl. 
12. All address are latched at the fall ing edge ofCE, and must be valid during tASC and tAHC· 
13. Two refresh operation - auto refresh and self refresh are determined by the OE/RFSH pulse width under the 

condition of CE ;;;;; \/IH . 

Auto refresh: OE/i1FSH pulse width ~ t FAP (max.) 
Self refresh: OE/RFSH pulse width ~ t FAS (min.) 

The following timing parameter must be kept before device proper operation is achieved after refresh. 
Auto refresh: t FCE and t FSR 
Self refresh: t FRS 
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TIMING WAVEFORMS 

• READ CYCLE 

TC51832PVSPVFL~85, TC5:1832PVSPVFL-l0 
TC51832PVSPVFL-12 

VIH - --4;~-------':~----~ 1;==:1. 
VIL -

R/W 

tOEA tOHZ 

I/01-I/08 VOH -:-----I----!----<II DATA-OUT 
vOL - tOLZ 

tCLZ ~Donl t care 

• WRITE CYCLE 

tp 
J 

CE 
VIR 

VIL - .J 
tCE 

~ V 

VIR -
AO-AU 

VIL -

I tASC ~ 
~ ADDRESS JilIII II I IIIIIIIIIIIIIIII IIIIII IIIIIIIII 111/ 

tosc , tOHC 

O.I!VRFSH 
VIR -

VIL - J twCH '-
tcWL 

R/W 
VIH -

VIL -

twp 

\ 

tDSW tDHW 

tDsc tDHC 

I/01-V08 DATA-IN -. 

~ Doni t care 
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TC51832PUSPUFL-85, TC51832PUSPUFL -10 
TC51832PUSPUFL-12 

• READ WRITE CYCLE 

tp 

C:; VIH 

VIL J 
teE 

V "--
~ tARe I 

AS-A14 VIH 
VIL 

ADDRESS 1j/ III IIIII 1IIIIIIIIIIIIII!lllIli!l!lillL 

CE:/ flFSH 
VIH 

VIL 

tOHC II ~ r-------
1\ / 1 

I tRes tCWL I 
?/7{ 

VIH 
VIL - J \ twp 

tDSW tDHW 

tDSC ~ 
lIN 

VIH 

VIL 

I/Ol-V08 

LOUT 
VOH 

VOL 

DATA-IN 
tCEA tWH 

r---
tOiCA to HZ H tCHZ r---

~ DATA-OUT Elllilit 
tOLZ 

tCL ~Donl t care 

• CE ONLY REFRESH CYCLE 

------------------------OPEN ------------------

fZJ IX)n I t care 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/fL-18 
TC51832PL/SPL/FL-12 

• AUTO REFRESH CYCLE 

'C1l" 
VIH 

vIr., ~ i\. 
tRFD tFC tFCE 

L tFP I tJ.i'SR 

0F/'R"FSii 
VIH 

VIL 

I tFAP I 
\ 

tFAP I 

VOH -
1/01-1/08 OPEN 

VOL -

NOTE: AO - A 14, RNV = Don't care 

• SELF REFRESH CYCLE 

CE v,. =-1 
.~. ''''~ } 

-) 'F~ 
vrL 

tRFD 

VIH -
om/RFSif 

v1L -

1/01-1/08 VOR - _________ _ OPEN 
VOL -

NOTE: AO - A 14. RNV = Don't care 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-l0 
TC51832PL/SPL/FL-12 

• REFRESH COUNTER TEST CYCLE (READ WRITE) 

tp 

teE 

J 1\ 

tp 

r\ 

AO-A14 /jjj/IIIIIIIIIIIIIIIIIIIIIIIII I I I I I I I 1//111111111111111111111111 III 

R/W 
VIH -

VIL 

tFRD I 
\l tFST 

I tRcs 

/ 

tFHT I 
]/ 

\ 

II ~ 
1 

tcWL I 
twp 

tosw tOHW 

tosc tOHC 
~ 

OATA IN 

I/Ol-V08 

VOH -'

VOL -

tCE:A I 

~ 
tCLZ 

tWHZ 

tOHZ !t'ru; tcHZ J 

DATA-OUT fll/;~ 

~ Don't care 

REFRESH COUNTER TEST 
The internal refresh operation of TC51832PL!SPL!FL can be testad by REFRESH COUNTER 

TEST. This cycle performs R EADM/R ITE operation taking the internal counter address as row 
address and fixed zero as column address. 
The test procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 
(Zl Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
@ Check "1" out of 256 bits at normal read mode, which was written at (Zl. 
® Read ''1'' out and write "0" in each cell by performing 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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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-l0 
TC51832PL/SPL/FL-12 

• OUTLINE DRAWINGS (6D28A-P) 

Z 
H 
::; 
It) 

oi 

Z 
H 
::; 

'" ri 

28 

1 

1.4 ± 0.15 

Unit in mm 
15 

14 

15.24 ±0.2 5 

u + 0.1 II 0.25 - 0.0 5 

35.0MAX. ~ ~I 

~~~ 
II025:+:g~5 

12± O~ 5 2.54 ± 0.25 

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. 
All dimensions are in millimeters. 
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TC518.32PUSPUFL-85, TC51832PUSPUFL-l0 
TC51832PL/SPUFL-12 

• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

28 15 

1 14 

~. 

I I ~ 

~~ ~ J-~ 11 

rl 
d 

Unit in rom 

~ I 118 ± 03 

2~~'----~J 
./ 1;.5 ± 04 

NOTE: Lead pitch is 1.27 and tolerance is ± 0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBAMOSMEMORYPRODUCTS 
TC518128AP / ASP/ AF / APU ASPU AFL-80, TC518128AP / ASP/ AF / APU ASPU AFL -1 ~ 
TC518128AP/ASP/AF/APUASPUAFL-10 

[DESCRIPTION I 
The TC5l8l28AP Family is a 1M bit high speed CMOS Pseudo Static RAM~rganized as 131,072 
words by 8 bits. The TC5l8l28AP Family utilizing one transistor dynamic memory cell with 
QI0S peripheral circuit provides large capacity, high speed and low po~.er features. The 
feature includes single power supply of 5V±10%. The RFSH input allows two types of re
fresh operation - auto refresh and self refresh. The TC5l8l28AP Family also features 
static RAN like ~.rite function that the input data is written into the memory cell at the 
r ising edge of R/VJ, thus being easy to interface with microprocessor. 
The TC5l8l28AP Family is a pin-compatible with 1H bit CMOS static RAM - .JEDEC standard and 
is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP and small-out 
line plastic flat package. 

I FEATURES I 
Organization: l~! bit(13l,072 word x 8bit) • Single Power Supply: SV±lO% 

Auto refresh is capable by internal 
counter. 

• Fast Access Time and 
Low Power Dissipation 

==-~ 
TCS18l28AP Family Self refresh is capable by internal 

-80 -10 -12 
tCEA CE Access Time 80ns lOOns l20ns 
tOEA OE Access Time 35ns 40ns SOns 

timer. 
• All inputs and outputs: TTL compatible 
• 512 refresh cycle/8ms 
• Pin Compatible: 1M SRk~ (JEDEC) 

tRC Cycle Time l30ns l60ns 190ns • Logic Compatible: SRAM R/W Pin 
PD -Operating (Hax.) 385mH 330mW 27SmW 
Self Refresh Current lmA/2 OOIlA( -L) 

• 32 Pin Standard Plastic PKG 
AP/APL 600 mil DIP 
ASP/ASPL: 300 mil DIP 
AF/AFL 450 mil SOP I PIN COtINECTION I 

TOP VIEH) 
RFSH I 32 VDD 

A16 2 31 .\ 15 
AH 3 30 CE2 
.'1.12 ~ IVW 

I BLOCK D IAGRAf.1 I 
.'1.7 5 .'1.13 
.'1.6 6 .\8 
.'1.5 7 A9 
A4 8 All 
.'1.3 9 OE 
.'1.2 10 .'1.10 
Al 11 CEI 
.'1.0 12 V08 

I/O I 13 V07 
V02 14 V06 
1/03 15 V05 
GND 16 V04 

iPIN NAmS I 
AD 'V Al6 Address Inputs 

RN Read/Write Control 
Input 

OE Output Enable Input CEI.-r------u 

RFSH Refresh Input 
CEl, CE2 Chip Enable Inputs CE2 ;?c;:::=l===~ 
I/Ol'V1/08 Data Inputs/Outputs 

VDD Power 
GND Ground 
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TC518128AP I ASP I AF I APU ASPU AFL -80, TC518128AP I ASP I AF I APU ASPU AFL-12 
TC518128AP I ASP I AF I APU ASPU AFL-l 0 

!FUNCTION LOGIC I 
CEI CE2 OE R/W RFSH A(II,A16 

L H L H * v* 
L H * L ,,~ V* 
L H H H * v* 

H * * * L * 
* L * * L * 

H * * * H * 
* L * * H * 

H -- High Level Input (Vm=6. 5V 0.. VIH min.) 
L -- Low Level Input (VIN=VIL max. 0.. -l.OV) 
* -- Don't care (6.5Vo..-1.0V) 

1/01 0.. 8 CONDITION 

OUT Read 
IN Write 
HZ CE only Refresh 

HZ Auto/Self Refresh 
HZ Auto/Self Refresh 

HZ Stand by 
HZ Stand by 

V* - At CEI falling edge (CE2=H) or CE2 rising edge (CEl=L), all address 
inputs are "IN", and at the other condition, the address input are "*". 

HZ - High Impedance 

1.'l,BC:OLUTE r·1AXIMUr,1 RATINGS I -
SYMBOL ITEM RATING UNITS 

VIN Input Voltage -1.00..7.0 V 

VOUT Output Voltage -1.00.. 7.0 V 
VDD Power Supply Voltage -1.(11,7.0 V 

TOPR Operating Temperature o 0.. 70 ·C 

TSTG Storage Temperature -550..150 ·C 

TSOLDER Soldering Temperature·Time 260·10 ·C·sec 

PD Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 rnA 

I DC RECQfl11ENDED OPERATING CONDITIONS I (Ta"'Oo.. 70·C) 

SYMBOL ITEM MIN. TYP. MAX. UNIT 

VDD 
, 

Supply Voltage 4.5 5.0 5.5 V Power 
VIH Input High Voltage 2.4 - 6.5 V 

VIL Input Low Voltage -1.0 - 0.8 V 
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IC518128API ASP /AFf APU ASPU AFL-80, TC518128AP / ASP/ AF / APUASPUAFL-12 
TC518128AP/ ASP/ AF / APU ASPU AFL -10 

IDC ELECTRICI1L CHARACTERISTICS I (VDD=5V+10% Ta=70°C) ., - , , 

SYMBOL P ARA.'1ETER PERIOD tlIN. TYP. MAX. UNITS 

Operating Current 130ns - 50 70 

IDDO (Average Power Supply 
l60ns - 40 60 rnA Operating Current) 

CEl, CE2, Address cycling: tRC=tRC MIN. 190ns - ~" 50 .J.' 

Standby Current TC5l8l28AP/ASP/AF - - 2 
I DDSI CEl=VIH or CE2=VIL rnA 

RFSH=Vnl TC5l8l28APL/ASPL/AFL - - 1 

Standby Current TCS18l28AP/ASP/AF 
'~IDDS2 CEl=VDD-0.2V or CE2=0.2V, 

- - 1 rnA 

RFSH=VDD-0.2V TCS18l28APL/ASPL/AFL - 100 200 llA 

Self Refresh Current TC5l8l28AP/ASP/AF - - 2 
IDDFl CEl=VIH or CE2=VIL rnA -- , TC5l8l28APL/ASPL/AFL - - 1 RFSH=VE 

Self Refresh Current iTCS18128AP/ASP/AF - - 1 rnA 
*IDDF2 CEl=VDD-O. 2V or I 

CE2=0.'2V, RFSH=0.2V TCS18l28APL/ASPL/AFL - 100 200 llA 

II(L) 
Input Leakage Current - 10 llA OV;;VD;;;VDD, All other Inputs not under test=OV -10 

Output Leakage Current 
IO(L) Output Disable (CEl=VIH or CE2=VIL or -10 - 10 llA 

OE=VIH or R/W=VIL), OV::'VOUT;VDD 

VOH 
Output High Level 

2.4 - - V 
IOH=-5rnA 

VOL Output Low Level 
0.4 V 

IOL=4,2rnA - -

NOTE*) In standby mode and self refresh with CEl~VDD-0.2V, these specification 
limits are guaranteed under the condition-of CE2~VDD-0.2V, or CE2~0.2V. 

iCAPACITANCEi (VDD=5V, f=lMH::, Ta=25°C) 

SYMBOL PARAHETER MIN. MAX. 

Cll Input Capacitance (AOoAl6 ) - 5 

CI2 Input Capacitance (CEl, CE2, OE, RN, RFSH) - 7 
I---

Input/Output Capacitance CIO - 7 

NOTE) This parameter is periodically sampled and is not 100% tested. 
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TC51a128AP I ASP I AF I APU ASPU AFL-aO, TC518128AP I ASP I AF I APU ASPU AFL -12 
TC518128API ASP I AF I APU ASPUAFL-l 0 

I ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATH:G CONDITIONS I 
(VDD=5V::I07., Ta=0",70·C) (NOTES:5,6,7,8) 

SY:1BOL I -80 -10 -12 
P ARA.'1ETER 

IMIN. MIN. 
UNITS NOTES 

MA.X. MAX. MDI. MAX. 

tRC jRandom Read, l"rite Cycle Time 130 - 160 - 190 - ns 
tR.'1W Read Modify Write Cycle Time 155 - 235 - 280 - ns 
tCE ICE Pulse Width 80 10,000 100 10,000 120 10,000 ns 13 
tp CE Precharge Time 40 - 50 - 60 - ns 
tCEA CE Access Time - 80 - 100 - 120 ns 
tOEA OE Access Time - 35 - 40 - 50 ns 
tCLZ ICE to Output in LOH-Z 10 - 10 - 10 - ns 
tOLZ OE to Output in Low-Z 0 - 0 - 0 - ns 
tWLZ Output Active from End of Write 0 - 0 - 0 - ns 
tCHZ Chip Disable to Output in High-Z 0 25 0 30 0 35 ns 9 
tOHZ OE Disable to Output in High-Z 0 25 0 30 0 35 ns 9 
tWHZ [Write Enable to Output in High-Z 0 25 0 30 0 35 ns 9 
tODS OE Output Disable Set-Up Time 0 - 0 - 0 - ns 

tODH 10E Output Disable Hold Time 10 - 10 - 10 - ns 
tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
tRCH Read Co=and Hold Time 0 - 0 - 0 - ns 
tl</P ,Jrite Pulse Width 60 - 70 - 85 - ns 

tl.,rCH twri t e Command Hold Time 60 10,000 70 10,000 85 0,000 ns 
tCWL. -hi te Command to CE Lead Time 60 10,000 70 10,000 85 0,000 ns 

tDSl'; Data Set-Up Time from R/l' 30 - 35 - 45 - ns 10 

tDSC jData Set-Up Time from CE 30 - 35 - 45 - ns 10 
tDHl'; Data Hold Time from R!l.,r 0 - a - 0 - ns 10 

tDHC IData Hold Time from CE 0 - 0 - a - ns 10 

tASC jAddress Set-Up Time 0 - 0 - 0 - ns 11 

tAHC Address Hold Time 20 - 25 - 30 - ns 11 

tFC IAuto Refresh Cycle Time 130 - 160 - 190 - ns 

tRFD IRFSn Delay Time from CE 40 - 50 - 60 - ns 

tFAP IRFSH Pulse l-lidth (Auto Refresh) 30 8,000 30 I 8,000 30 8,000 ns 12 

tFP RFSH Precharge Time 30 - 30 - 30 - ns 12 

tRHC IRFSH Co=and Eold Time 15 - 15 - 15 - ns 

tFAS :RFSn Pulse Hidth (Self Refresh) ~. '100 - s,ooe - 8,000 - ns 12 

tFRS ICE D:la:: _ Tb~ fLam RFSH 
(Selr Re:resrl) 160 - 190 - 225 - ns 12 

tREF iRe:res;, P(,'iod.~~_~cyc~e , AO c AC) - 8 - 8 - 8 ms 
-----. 

tT (rra::si: 1:);'1 Ti::1e (Rise Hnrl Fall ) 3 50 3 50 3 50 ns 
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TC518128A'/ASP/Af/APLlASPl,JAFL-IO, TC518128AP/ASP/AF/APL/ASPL/AfL-12 
TC518128AP / ASP/ AF / APLI ASPLI AFl-l 0 

NOTES: 

1) Stress greater than those listed under "Absolute Maximum Ratings" may cause per-
manent damage to the device. 

2) All voltages are referenced to GNU. 

3) Inno depends on cycle rate. 

4) InDO depends on output loading. Specified values are obtained with the output 
open. 

S) An initial pause of 100\.ls with high GEl or low CE2 is required after power-up, 
before proper device operation is achieved. 

6) AC measurements assume tT=Sns. 

7) Timing reference level 

Input Level VIH=2. 6V 
VIV"0.6V 

Input Reference Level VIH=2.4V 
VIL=O.8V 

Output Reference Level: VOH=2.2V 
VOL=0.8V 

2.6V 

I:>PUT 
O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

2.2V 

O.8V 

OUTPUT REFERENCE 
LEVEL 

9) tCP2, tORZ, tWRZ define the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CEI rising 
edge and CE2 falling edge. Therefore the input data must be valid during set-up 
time (tDSl, or tDSC) and hold time (tDHW or tDHC)' 

11) All address inputs are latched at the falling edge of CEI and the rising edge of 
CE2. Therefore the all address inputs must be valid during tASC and tARC. 

12) Two refresh operation - auto refresh and self refresh are defined by the RFSH 
pulse width under the condition of CEl=VIH or CE2=VIL' 

Auto refresh: RFSH pulse width;;tFAP (max.) 
Self refresh: RFSH pulse width;; tFAS (min.) 

The timing parameter (tFRS) must be kept for device proper operation in the 
following conditions. 

after self refresh 
• in case of "RFSH"="L" after power-up 

13) The timings, tCE(MIN.) and tCE(MAX.), must be kept for device proper operation 
as follo\,/s. 

CEI ''"-k CEI ''"-Jf V1L - VIL -

tCE tCE 

CE2 
VIH -

CE2 
VIH -

V lL VIL 
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TC518128AP I ASP I AF I APUASPU AFL -80, TC518128AP I ASP I AF I APU ASPLI AFL-12 
TC518128AP I ASP I AF I APU ASPU AFL-l 0 

READ CYCLE 

CE2 

AO-AI6 

]/00-1/08 

WRITE CYCLE-l (aE High Fix) 

AO-AI6 

R/W 

]/01-]/08 

~: Don't care 

Note: The device can be operated with cycling "CEl" (or CE2) pin only, 
provided that "CE2" (or "CEl") is connected to VIH (or VIL) level. 
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TC518128AP/ASP/AF/APLIASPUAFL-80, TC518128AP/ASP/AF/APLlASPLlAFL-12 
TC518128AP / ASP/ AF /APU ASPLI AFL-) 0 

\\TRITE CYCLE-2 (01: Clock) 

CEI ~:i~=J ~il~ '" .~. " {_ 
CE2 VlH-\ : V 

, IL -I/-;~~-M-,----"i l t .-\HC, ' 

AO-AI6 ~~~ = ADDRESS W/ll1i17/i/17I717II/i////I/i//////////////////ll////!//!/> 

R/W 

r 1:-1 

1/01-1/08 

!....- Ol:T 

iffSH 

VIH

VIL -

VIH-
V1L-

VIH-

VIL -

VOH-

VOL-

VIH-
VIL-

, , , 
II 

tRCS, II . 
I II 

I: 
1 ! 
: I 
i i 
I~ 
! I T 

I tFP 

, 
,if \ II 

I tWCH 
tCWL II 

\1 twp I II 

I 

I tDSC ;6 I~DSW ~w 
, 

t OHZ I 
DATA IN , 

ItWHz It'~ ~ .WLZ , 

11< X- 'I 
I { ( I (( {fer ..\.,({« (Ie «( 

\\TRITE CYCLE-3 (0"£ Fix Lm,]) 

" t p .1 

::: ~l~ =<~~ W,me L '" .~~~,...----
AO-A 16 ~ ~~ = ZZZZZ>t ADDRESS Ww /I/Z1J1111ffi/171/ 1//1/ [/(II//I//I1!;J///ffJlffil/lh 

~~=----~I~I----------------------------~II----------
R/W 

1/01-1/08 

LOUT 

I II tCWL III ~tR~C~S;,==~====~t~W~CH~t=I~~==~~~========:J~ __________ _ 

~i~ =_-= __ ...L7~· __ ·IWI ________ --':·~ l=t=w=p=::~' _________ WI-l-1 _________ _ 

II I t DSC r I. ' t DHC 

VIH==-----i+---------~---1~~~~~~~~~~~~~------VIL ~ DATA IN 

1
I, .. t cLz_

l
, t I tDSW II ItDHW I. 

WHZ r-----j I I tWLZ ~ 

Voo==---~-itl~~~3i~~~----~I==~:=~~~~~~~-------
VOL I I 

I ,tFRS., I tRHC I I,~RFD:! tFP 

;r tFP K ;- 1\ 
EZZ2l: Don't care PS-'I'D-E3 

Note: The device can be operated with cycling "CEl" (or "CE2") pin only, 
provided that "CE2" (or "CEl") is connected to VIR (or VIL) level. 
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TC518128AP I ASP I AF IAPU ASPU AFL-80, TC518128AP I ASPI AF I APU ASPU AFL-12 
TC518128AP/ASP/AF/APUASPUAFL-l0 

READ MODIFY w~ITE CYCLE , ' tR\IW .. I 
i ~' __________ tC=E~ ______ ~ .. I~ 

CE2 

.\O-A16 

V01-1/08 

LOUT 

RFSH 

CE ONLY REFRESH 

CEI 

CE2 

iVIV 

VOI-V08 

RFSH 

~~~ = -J----.,.---,~. ~ F 
~IIHL = ~ y N. V=, 

VOH -
VOL -

t \SC I , i I t \HC 1 I i 
: i' 

II 

t RCS I ! I 
I I CIV L 

1 I t\~P I I I 

----/I I 
\[ 11 I 

I I tDSw .I~ ~ ; I 
t DSC 

, 

" IltcB 1 I 
DATA-INX .¥. 

1 I t\\1JZ 

k,LZ 
i I tOEA I 

.It CHZ I I tOHZ 

I' I ~DATA OUT .'II( z;¥ 
tOLZ r tF~ I I' tRHC 

'm, I '''':1 1 hlt 
VIH - !' tFP 
VIL - __ LLb.l:=:======~ ______ L--L~_ 

tRc 

~~~=~ i \ \, :s;= 
~;~ = _ItT \ II I K= 
VOH - -----,--!----- OP E:-l ---,----+----
VOL - I' I ¥FP 

t FR
iS I "I ~ t0t tRFD 

V IH - --==~;::iJt'=FP~.J\i----------~t=t===-
vIL- __ ~~~~~ __ ~ ___________ L--L~_ 

!~ote : A9 - A16=Don I t care ~: Don't care 
The device can be operated with cycling "CEI" (or CE2) pin only, 
provided that "CE2" (or "CElli) is connected to VIH (or VIL) level. 
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TC51 &1.28AP IASP IAf/Aft./ASPL/ AFl;.8_, TC518128AP / AlP/If/ APL/ASPVAEl-12 
TC518128AP/ASP/AF/APUASPUAFl-10 " ',,~\' " ~', c; , 

RFsH AUTO REFRESH 

CEI 
VIH -
VIL - __ -oJ 

CE2 
VIH--------+r.nrn7n~~Tnrn7r-~n7~-----

VIL -

or 

VIH-
CEI VIL--______ ~~~~~~~~~~~~----__ 

CE2 

tFP 

1iFSii VIH -
VIL - ____ oJ 

I/O 1-1/08 VOH - ____________ _ OPEN 
VOL -

NOTE: OE, R/W, AO '" A16=Don 't care 

SELF REFRESH 

CE2 

or 

CE2 

VIH-----~~~TnTr.~~~nT~~~----

VIL -

VIH -

VIL-----~~~~~U<~~~~~~P------

VIH-

VIL --

VIH -
VIL - ___ ...J 

VOH -
1/01-1/08 VOL _--------- OPEN 

NOTE: OE, R/W, AO"'A16=Don't care 
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TC518128AP' ASP' AF' APL' ASPL/ AFL -80, TC518128AP' ASP' AF' APL/ ASPLI AFL -12 
TC518128AP' ASP' AF' APL/ ASPL/ AFL -10 

IOUTLINE DRAWINGsl (DIP32-P-600) 

Unit in mm 

32 17 

] ~ 
16 

"1 
42.0±O.2 N 0 

::; +I 
+I It) 

It) .; 
...; 

'" d 
+I 
on 
...; 

1.96 TYF. 0.5± 0.1 
I I • [ITfJ I (:) I 0.25 M I 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to: 

TC5l8l28AP-80, TC5l8l28APL-80 
TCS18l28AP-lO, TC5l8l28APL-lO 
TCS18l28AP-12, TCS18l28APL-12 
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TC518128AP/ASP/AfIAPUASPUAfL-80,TC518128AP/ASP1AF/APUASPUAfL-12 
TC518128AP/ASP/AF/APUASPUAF~10 

IOUTLINE DRAWINGSI (DIP32-P-300) 

16 

'" cO 

'" 40.0:: 0.2 ~ '" 

~~;~ 
12.5 41 !.2:rO.1 Ie/ 025 ~ , ::l 

Unit in mm 

Note: Package widt.h and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to : 

TC5l8l2SASP-80, TC518l2SASPL-SO 
TC51Sl28ASP-10, TC5l8l2SASPL-10 
TC5l8l28ASP-12, TC51S12SASPL-12 
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TC518128AP I ASP I AFI APU ASPU AFL-80, TC518128AP IASP I AF I APLI ASPU AFL-12 
TC518128AP/ASP/AF/APUASPLJAF~10 

jOUTLINE DRAWINGsl (SOP32-P-450) Unit in mm 

16 

O.775TYP. 

20.6±0.2 

,-------------,-1--+---,- ~ 

~ D ~ D U U U uno n D~ _ ~ 
L-..jol 0.1 I ~ 

C> 

o 

'" 

~~I==D 
O.S±O.2 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 

These outline drawings are applied to: 

TC518128AF-80, TC518128AFL-80 
TC518128AF-IO, TC518128AFL-IO 
TC518128AF-12, TC518128AFL-12 
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TOSHIBAMOS MEMORYPRODU,CTS 
TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP / ASP/ AF / APL/ ASPL/ AFL-l 0 

IDESCRIPTION! 

The TCS18129AP Family is a HI bit high speed CNOS Pseudo Static RAN organized as 131,072 
words by 8 bits. The TCS18l29AP Family utilizing one transistor dynamic memory cell with 

. CNOS peripheral circuit provides large capacity, high speed and lol~ pOl,/er features. The 
feature includes single pOl,/er supply of SV±lO%. The RFSH input allows tlVO types of re
fresh operation - auto refresh and self refresh. The TCS18l29AP Family also features 
static RAN like write function that the input data is written into the me!l1ory cell at the 
rising edge of R/H, thus being easy to interface I.ith microprocessor. CS standby 
mode being adopted in the TC518129AP Family, CE2 pin in the TC5l8l28AP Family is changed 
to CS pin. This is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP 
and small-out line plastic flat package. 

IFEATURES! 

• Organization: HI bit (131,072 I,/ord x 8 bit) 
• Fast Access Time and LOI,/ POHer Dissipation -------- TC5l8l29AP Family 

-80 -10 -12 
tCEA CE Access Time 80ns lOOns l20ns --- --
tOEA DE Access Time 35ns 40ns 50n~ 
tRC Cycle Time lJOns l60ns 190ns 
Power Dissipation 385mH -33Om\~ 275~W ----
Self Refresh Current lmAi 200jJA (-L) 

• Single Power Supply: 5V±10% 
Auto refresh is capable by internal 
counter. 

Self refresh is capable by internal 
timer. 

All inputs and outputs: TTL com-
patible 

CS standby cycle is capable. 
512 refresh cycle/8ms 
Logic Compatible: SRAI'I R/H Pin 
32 Pin Standard Plastic PKG 

TC518l29AP/APL 600 mil DIP 
ASP/ASPL: 300 mil DIP 
AF/AFL 450 mil SOP 

VIJO 
AIS 
CS 
IVW 
AI3 
AM 
A9 

ffiIOCK DIAGRAM! 

IPIN NAllESI 
AO '" A16 

R/H 

DE 
RFSH 
CE 
CS 

1/01"'1/08 
VDD 
GND 

A I I 
(ill 
AIO 
R: 
I/UM 
I/U7 
I/U6 
I/U5 
I/U1 

Address Inputs 
Read/Hrite Control 
Input 
Output Enable In£ut 
Refresh Input 
Chip Enable Input 
Chip Select Input 
Data Inputs/Outputs 
POI,'er 
Ground 
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TC518129AP' ASP' AF' APLI ASPL/ AFL .. 80, TC518129AP' ASP' AF' APL' ASPL/ AFL -12 
TC518129AP' ASP' AF' APLI ASPL/ AFL -10 

IFUNCTION LOGICI 

CE CS at CE goint Low OE R/l~ RFSII AO'" A16 1/01'" 8 CONDITION 

L H L II * V* OUT Read 

L H * L * V* IN Write 

L H II H * v* HZ CE only Refresh 

L H {, ,;'c * * HZ CS Standby 

H * * ,~ L * HZ Auto/Self Refresh 

H * * * H * HZ Stand-by 

H -- High Level Input (VIN=6.5V"'VIH min.) 

L Low Level Input (VIN=VIL max. "'-1.0V) 

* Don't care (6.5V"'-1.0V) 

V* -- At CE falling edge, all address inputs are "IN", and at the other condition, the 
address input are "*" 

HZ -- lIigh Impedance 

~SOLUTE MAXIMUM RATINGSi 

SYNBOL ITEH RATING UNITS NOTE 

VIN Input Voltage -1.0"'7.0 V 

VOUT Output Voltage -1.0",7.0 V 
.- .. - -

VDD Power Supply Voltage -1.0'" 7.0 V 
r---- - 1--

TOPR Operating Temperature 0"'70 ·C 
1----- ---- ------ 1 

TSTG Storage Temperature -55'\, 150 ·c 
TSOLDER Soldering Temperature' Time 260 • 10 ·C • sec 

PD Power Dissipation 600 mW 
----------

lOUT Short Circuit Output Current 50 rnA 

L.Qf]ECOMNENDED OPERATING CONDITIONS I (Ta-O'" 70·C) -
SYNBOL ITEN NIN. TYP. !-lAX. UNIT NOTE 

VDD P01~er Supply Voltage 4.5 5.0 5.5 V 

VIII Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 
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TC518129AP/ASP/AF/APUASPUAFL-80, TC518129AP/ASP/AF/APUASPL/AFL-12 
TC518129AP / ASP/ AF / APU ASPU AFL-l 0 

IDC ELECTRICAL CHARACTERISTICS I (VDD=5V±10%, Ta=O'" 70·C) 

SYHBOL PARANETER PERIOD NIN. TYP. MAX. UNITS NOTES 

Operating Current l30ns - 50 70 

IDDO 
(Average POI-ler Supply Operating Current) 160ns - 40 60 rnA 3,4 

CE Address cycling: tRC=tRC MIN. 190ns - 35 50 

Standby Current TCS18l29AP/ASP/AF - - 2 
IDDSI CE=V III' RF SH=V IH 

1-------. rnA 
TC518l29APL/ASPL/AFL - - 1 

Standby Current TCS18l29AP/ASP/AF - - 1 rnA 
IDDS2 CE=VDD-0.2V 

RFSH=VDD-0.2V TCS18l29APL/ASPL/AFL - 100 200 \1A 

Self Refresh Current TC5l8l29AP/ASP/AF - - 2 
IDDFl CE=V III' RFSH=V IL 

rnA 
TC518l29APL/ASPL/AFL - - 1 

Self Refresh Current TC518l29AP/ASP/AF - - 1 rnA 
IDDF2 CE=vDD-O. 2V • RFSII=0.2V TC518129APL/ASPL/AFL - 100 200 \1 A 

II(L) 
Input Leakage Current 

-10 10 \1A -OV ~ VIN;;i VDD • All other inputs not under test=OV 

Output Leakage Current 

IO(L) Output Disable -10 - 10 \1 A 
(CE=VIII or OE=VIII or R/I~=VIL). OV ~ VOUT ~ VDn 

----

VOH 
Output High Level 

2.4 - - V IOH=-5mA 

VOL 
Output Low Level - - 0.4 V IOL=4.2mA 

ICAPACITANCEI (VDn=5V, f=HlHz, Ta=25·C) 

SYNBOL PARAHETER MIN. NAX. UNIT 

Cn Input Capacitance (AO'" A16) - 5 pF 

CI2 Input Capacitance (CE, CS, OE, R/I~, RFSH) - 7 pF 

CIO Input/Output Capacitance - 7 pF 

NOTE) This parameter is periodically sampled and is not 100% tested. 
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TC51 a 129AP I ASP/IF IAPLI ASPU AfL -aD, TC518129AP I ASP 1M I APU ASPU AFL-12 
TC518129AP I ASP I AF I APU ASPVAFL-I 0 

I ELECTRICAL CHARACTERIsnCSANoRECGr4MENDED AC OPERATING CONDITIONS I 
(VDD=5V±lO%. Ta=0"'700c) (NOTES: 5. 6. 7. 8) 

SYMBOL PARAHETER -80 -10 -12 
UNIT~ NOTEE 

HIN. !-lAX. NIN. MAX. HIN. HAX. 
tRC Random Read. l.Jrite Cycle Time 130 - 160 - 190 - ns --tRHW Read Hodify Hrite Cycle Time 195 - 235 - 280 - ns 

.. -
tCE CE Pulse l.Jidth 80 0.000 100 10.00C 120 10.OOC ns 13 
tp CE Precharge Time 40 - 50 - 60 - ns --tCEA CJi! Access Time - 80 - 100 - 120 ns 
tOEA OE Access Time - 35 - 40 - 50 ns 
tCLZ 10 10 

r-
IO CE to Output in Low-Z - - - ns 

tOLZ OE to Output in Low Z 0 - 0 - 0 - ns 
tlVLZ Output Active from End of l.Jrite 0 - 0 - 0 - ns 
tCHZ Chip Disable to Output in lIigh-Z 0 25 0 30 0 35 ns 9 
tOHZ OE Disable to Output in lIigh-Z 0 25 0 30 0 35 ns 9 
tWHZ l.Jrite Enable to Outpu t in High-Z 0 25 0 30 0 35 ns 9 
tODS OE Output Disable Set-Up Time 0 - 0 - 0 - ns 
tODH OE Output Disable lIold Time 10 - 10 - 10 - ns 
tRCS Read Command Set-Up Time -ro-I- 0 0 - - ns 
tRCH Read Command 1I01d Time 0 - 0 - 0 - ns 
tcss Chip. Select Set-Up Time 0 - 0 - 0 - ns 
tCSH Chip Select Hold Time 20 - 25 - 30 - ns 
twp l.Jrite Pulse IHdth 60 - 70 - 85 - ns 
tl.JCH l.Jrite Command Hold Time 60 10.000 70 10.00C 85 0.000 ns 
tCI.[L l.Jrite Command to CE Lead Time 60 ~!OO(; 70 10.00C 85 ~O.OOO ns 
tDSI.J Data Set-Up Time from R/I.J 30 - 35 - 45 - ns 10 

---
tDSC Data Set-Up Time from CE 30 - 35 - 45 - ns 10 
tDJII.J Data Hold Time from R/I.J 0 - 0 - 0 - ns 10 
tDIIC Data Hold Time from CE 0 - 0 - 0 - ns 10 
tASC Address Set-Up Time 0 - 0 - 0 - ns 11 
tAHC Address Hold Time 20 - 25 - 30 - ns 11 
tFC Auto Refresh Cycle Time 130 - 160 - 190 - ns 
tRFD RFSH Delay Time fro~ CE 40 - 50 - 60 - ns 
tFAP RFSH Pulse IUdth (Auto Refresh) 30 8.000 30 8.000 30 8.000 ns 12 
tFP RFSH Precharge Time 30 - 30 - 30 - ns 12 
tRHC RFSH Command Hold Time 15 - 15 - 15 - ns 
tFAS "- 8~OOO 8.000 8.000 12 RFSII Pulse IUdth (Self Refresh) - - ns 

tFRS CE Delay Time from RFSH 160 - 190 - 225 - ns 12 (Self Refresh) .-
tREF Refi"esh Period (512 cycle. AO"'A8) - 8 - 8 - 8 ms --
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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TC518129AP/ASP/AF/APUASPUAFL-8D, TC518129AP/ASP/AF/APUASPUAFL-12 
TC518129AP I ASP I AF I APU ASPU AFL-1 0 

NOTES: 

1) Stress greater than those listed under "Absolute Haximum Ratings" may cause perma

nent damage to the device. 

2) All voltages are referenced to GNO. 

3) 1000 depends on cycle rate. 

4) 1000 depends on output loading. Specified values are obtained with the output open. 

5) An initial pause of 100lls ~Tith high CE is required after power-up. before proper 

device operation is achieved. 

6) AC measurements assume tT=5ns. 2.6V 

INPUT 
7) Timing reference level O.6V 

Input Level VIH=2.6V 
VIL=0.6V 

Input Reference Level VlI!=2.4V 

2.2V 
OIJTPUT 

O.8V 

VIL=0.8V I NIUT IlliFI::llENCI:: OUTPUT III::FEIlENCE 
Output Reference Level: VOll=2.2V L~:V EL LI::YI::L 

VOL=0.8V 

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

9) tCHZ' tOHZ' tWIlZ define the time at Ivhich the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

10) In write cycles, the input data is latchec.l at the earlier of R/W or CE rising edge. 

Therefore the input data must be valid during set-up time (tosw or tOSC) and hold 

time (tOH\~ or tOBC)' 

11) All address inputs are latched at the falling edge of CEo Therefore the all address 

inputs must be valid during tASC and tABC' 

12) Two refresh operation - auto refresh and self refresh are defined by the RFSH pulse 

width under the condition of CE=VIH' 

Auto refresh: RFSH pulse width:; tFAP (max.) 

Self refresh: RFSH pulse width:; tFAS (min.) 

The timing parameter (tFRS) must be kept for device proper operation in the fol

lowing conditions • 

• After self refresh 

• In case of "RFSH"="L" after pO\ver-up 
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TC518129AP/ASP/AF/APUASPUAFL-80, TC518129AP/ASP/AF/APUASPUAFL-12 
TC518129API AS PI AFI APU ASPU AFL-1 0 

I TIMING WAVEFORMSI 

READ CYCLE 
tllC 

CE VIII -

VIL -

CS 
VIL-

AO-AI6 
VUI-

VII,-

OE 
V 111 

VIL 

II/W 
vIII 

VIL -

1\ / 
tllCS ~ 

/ tCI':A tOIlZ ~ 

VOI-I/UH 
vOII-

VOI,-

""iWSiT VIII -

VIL -

tm:A tCllz r----
~. UATA-OUT 

~' tOl.r. 

~ tl.'lll.lj_ ...; t I..'.r. -- ~ 
A..tFJ' ~ I' \ 

1,'RITE CYCLE -1 (OE Fix High) 
tllC 

C& VIII 
v" -"'I, 

CS 
VlII -

VIL 

AO-AI6 
v[JJ 

vlL 

I ~ te:sl!.J. tcslI .J 

/' '\ 
tASe: .1 tAIle: J II 

/;II//IM. AJ)J)JU-:SS DW///////////////I//I/II///II/////fi 
tOJ)S .ltODII 

OE VIII 

vIL / tWCII -- "\ 
l tCIVL 

IVIV 
VIII 

vIL 
\1 t 11'1' 
.x 

tDSIV It.oll~ 
tusc _I t DIIC 

Vt.ll-V08 DATA-IN 1\ 

.Y I tFP tlUlC 
t .'IIS I I ItRFD 

A tn' 1\ / ~ 
~ : Don't care 

- E-40 -



TC518129AP/ASP/AfIAPLJ,ASPltAf~80, TC518121AP/AS'/Af/APl/ASPL/Afl~12 
TC518129AP/ASP/Af/APl/ASPl/AfL-l0" " 

WRITE CYCLE -2 (OB Clock) 

es 

AD-AI6 

01> 

R/W 

r IN 

1/01-I/U8 

L UUT 

RFsif 

VIII -

vlL -

VIII 

VIL -

VIII -

VIL -
VlII -
VIL 

VIII -

VIL 

VIII 

V/L 

VUII -
VUL -

VIJl -

VIL -

tllC 

tp I 
.J 

tCE 
!L "\ 

tess I leSII .1 I 
---./ \ 

tAse l tAIIC I II 
AIlDIlESS W//////////////////////////////////////////////////////////1 
II I I 

A ~ 

tilL'S 1 II lWCI! tCIVL : I --
'I tivr-I ::---:~ 

~tuse ---i~ ~ SIIIW -- tUlle 

DATA-IN 
tWIIl\ 

.~ ,,~ ~ t('l.l\ J ~Ull.L- tWI.1. 

~~ t F1' 
t /lFIJ 

A: tFI' 1\ J \ 

................ ~~.!i!..:::..!-~.:o...!~~;;J,... _______________ l1!.q. ___________ -I 

lei'; ~==:1 1--__ -.. --______ -------4 Jo 

t\~1/ __ -------~------t ~ lCWI 

-==+:::i1:::======== t lVI' ---------.!-+-------

tWII1. 

~ : Don't care 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP / ASP/ AF / APLJ ASPL/ AFL-1 0 

READ ~10DIFY HRITE CYCLE 
tHAlIY 

cs VIII __ -~~~~==~~~------------------1-~-------
VIL --

AO-A 16 VIII -
V II, - LL...CL~'/ 1"-:--:-----"1" "'",,-,-"-"-"~'-"'--"'<-<"'''-''-4'''''''''-'''--''''''t'-4f-'-''-''~''''-''~ 

I I 
VIII - ----------'----,L 

V II. - --------,---,---j-'F----..L-I-------------;.--------

IVW V III ---.::::::~;::::l-I--H----k 
VIL --

r IN V III - -----+t-+t.--:---+--t--:-~~~*:t=~--VIL --

1/01-1/08 

lOUT VOII - ----t-+-t-{V/ 
VOL --

iffSTi VIII --
VIL --

t fl' 

:;::i"F.r "'''.T .... <n. ... ~ ... _ ..... 

\..t!;. Vl'U~ I 1\r..r lU!.~l1 

VIII --IT 
VIL --

ICSU 
CS VIII --

VIL -

AO-AB VIII --
VIL --

OE VIII --
VIL --

lVW V III --
VIL --

VOI-VOB VOU --
VOL -- OPEN 

TtFSIT VIII --
VIL --

NOTE: A9~A16 Don't care, 
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JC51al2tA'/A"/AFJf.PIJASPtJAFL~8', TCa18121AP/AlP/Af/AftJASPLlAfL~12 
TC518129AP/ASP/Af/APLlASPLlAf~10 ,'- ';" ,,; 

, '~ • .., <~ 

IUrsH AUTO REFRESH 

RFsii 

I/OI-I/U8 

VIII -

VIL-

VIII-
VIL-

VOH -
VOL -

OJ'EN 

NOTE: CS, O!', R/W, AO"-A16=Don't care 17ZJ: Don't care 

SELF REFRESH 

VOI-I/OI! 

YlII -----:7---,1. 

YIL ----

VOH -
VOL ------- OPY.N 

NOTE: CS, M, R/W, AO"-A16=Don't care fm: Don't care 

CS STANDBY ~IODE 

CS 

lltC 

lCE 
VIII - --.........t 1-----------1 Jo----i.. 

VJL -

VIII -

VIL----~~~r--------------------

VIII _-==:;t::Jt::::...-~-------------
YJL -

NOTE: OE, R/W, AO"- A16=Don' t care rzzLI: Don't care 
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TC511129APJASPJAFJ APUASPU AFL-SO, TC511129APJ ASPJ AFJ APUASPUAFL-12 
TC511129AP J ASP J AF J APU ASPU AFL -10 

I OUTLINE DRAWINGS] (DIP32-P-600) 

1.96TYP. 

1--___ ----'~-"--2,(d: (=)2 _____ -i ~ a 
-Ii -Ii 
on ... 

~--------------------~r-=~I~ 

Unit in mm 

Note: Package width and length do not include mold protrusion. 

allol.rable mold protrusion is O.15mm. 

These outline drqwings are applied to: TC518129AP-80. TC518129APL-80 

TC518129AP-IO. TC518129APL-IO 

TC518129AP-12. TC518129APL-12 
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TC518129AP/ASP/AF/APUASPUAFL-80, TC518129AP/ASP/AF/APUASPUAfL-12 
TC518l29AP / ASP / AF / APU ASPU AFL-l 0 

IOUTLINE DRAHINGSI (DIP32-P-300) 

Unit in rom 

32 J7 

[~~~~~:::::::::::~ 
1 1ti 

10.0tO.2 

1.2±O.] 

.., 
d 
+f 
'" ..; 

M 

d 
+f 
'" ...; 

ffi} 

Note: Package \~idth and length do not include mold protrusion, 

allO\~able mold protrusion is O.lSmm. 

~ ~1 
0 

0 

"" -I 
0 

These outline drmvings are applied to: TCS18129ASP-80, TCS18129ASPL-80 

TCS18129ASP-I0, TCS18129ASPL-I0 

TCS18129ASP-12, TCS18129ASPL-12 
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TC5l1129AP/ASP/AF/APL/ASPUAFL-80, TC511129AP/ASP/AF/APUASPUAFL-12 
TC518129AP/ASP/AF/APL/ASPUAFl-l0 

IOUTLINE DRAWINGSI (SOP32-P-4S0) 

32 17 

O.775TYP. 

::> 
ii 
'" .. 
c:i 

~ 
ii 
'" :1 ... 

Unit in IIDD 

D 
I"'"'"'~ 

~ ... ·s :s .. 
on ... ... 
'oJ 

..... .... 
'Il 

Note: Package width and langth do not include mold protrusion, allowable 

mold protrusion is O.lSmm. 

These outline drawings are applied to: TCSISI29AF-SO, TCSISI29AFL-SO 

TCSISl29AF-IO, TCSlS129AFL-I0 

TCSlS129AF-12, TCSlS129AFL-12 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 

IDESCRIPTION! 

The T~~2018AP 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 CS goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 
Thus the T~~2018AP is most suitable for use in cache memory and high speed storage. 
The THN2018AP is offered in a 24 pin standard plastic package with 0.3 inch \vidth for 
high density assembly. 
The T~M2018AP is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 

!FEATURES! 

Fast access time 
tACC=25ns: THN20IBAP-25 
tAcc=35ns: Tt1}120IBAP-35 
tAcc=45ns: T~M2018AP-45 

Low power dissipation 
ICC=150mA: T~20l8AP-25 
ICC=135mA: U!N2018AP-35 
Icc=135mA: TtlH2018AP-45 
ISB=20mA 

! PIN CONNECTI ON! 

A7 Vee 
A6 AS 
A5 A" 
A4 WE: 

A3 OE 
A2 AID 
Al 08 
AD J/08 

1/01 1/07 

I/O;; ]/06 

1/03 1/05 
OND 1/04 

iPIN NAMESI 
AO "vAIO Address Inputs 

1/01 "v 1/08 Data Input/Output 

CS Chip Select Input 

HE Hrite Enable Input 

OE Output Enable Input 

VCC Power (+5V) 

GND Ground 

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. 

~ DIAGRAtll 

--4'>£.? 
C s o-:=t:;:=O ~ 

MEMDHY 

CELL AHHAY 
(128Yl6>;8 ) 

-----<:l V C C 

-----<:l 0 N D 

WE c- 1 ->-
OE~t~~=>--------------------~ 
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.. 20181,.25, IMM2018IP-35, TMM2018AN5 

MAX Him, RATINGS 

SYMBOL ITE~l RATING UNIT 

VCC Power Supply Voltage -3.5,,- 7.0 V 

VIN Input Voltage -3.5,,-7.0 V 

VI/O Input/Output Voltage -3.5"-7.0 V 
.-

Topr Operating Temperature 0,,- 70 ·C 
Tstg Storage Temperature -55"- 150 ·C 

Tsolder Soldering Temperature • Time 260 • 10 °Cosec 
._-----

PD Power Dissipation 0.9 H 

lOUT D.C. Output Current 20 rnA 

D.C. RECOHt~ENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VIH Input High Voltage 2.0 - VCC+l. O ----_. __ . 
VIL Input Low Voltage -3.0* - 0.8 V 

-----
VCC Po\~er Supply Voltage 4.5 5.0 5.5 

* Pulse Hidth: IOns, DC: -0.5V (MIN.) 

D.C. CHARACTERISTICS (Ta=O "- 70°C, VCC=5V±10%) 
SYMBOL PARAHETER CONDITIONS MIN. MAX. UNIT 

IlL Input Current VIN=O "-VCC - ±1.0 IJA .. _--_. ----_. __ .. _ .... __ ._-- ------_. .. 

VOB Output High Voltage IOI-I=-4.0mA 2.4 - V ------
VOL Output LO\~ Vol tage I OL=8.0rnA - 0.4 V 
110 Output Leakage Current VOUT=O "- VCC. ~=VIH - ±1.0 IlA ---.----

-25 - 150 

ICC Operating Current CS"=V IL -35 - 13·5 rnA 

-45 - 135 
ISB Standby Current CS=VIH - 20 

rnA 
ISBP Peak Power-on Current CS"=VCC, VCC=0"-5.5V - 40 

CAPACITANCE* (Ta=25·C, f=l~~z) 

SYMBOL PARA~IETEn CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 
pF 

COUT Output Capacitance VOUT=OV 10 

'" Note: This parameter is periodically sampled and is noj: 100%. tested. 
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.tiOI8AP-25, TMM2018AP-35,llt"18AN5 

A.C. CHARACTERISTICS (Ta=O '\, 70 D C, VCC=5V±10%) 

Read Cycle 

snlBOL PARAMETER THH20l8AP-25 

HlN. 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 Lo\,/-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 -
tpD Chip Deselection to Power Down 

20 Time -

Write Cycle 

Hfr12018AP-25 
SY~1BOL PARAMETER 

MIN. HAX. 

t\.JC Write Cycle Time 25 -
tcw Chip Selection to End of Write 20 -
tAS Address Set Up Time 0 -
t\.JP Write Pulse Width 20 -
tl.fR \.Jrite Recovery Time 0 -
tHLZ I.JE to Output in Low-Z 0 --
tWlZ \.JE to Output in High-Z - 12 

tDS Data Set Up Time 12 -

tDH Data Hold Time 0 -

A.C. TEST CONDITIONS 

Input Pulse Levels 3.0V/0.OV 

Input-Rise and Fall Times 5ns 

Input and Output Timing 

TMH20l8AP-35 THH20l8AP-45 

HIN. MAX. HlN. MAX. 

35 - 45 -
- 35 - 45 

- 35 - 45 

- 20 - 20 

0 - 0 -

- 20 - 20 

0 - 0 -
- 15 - 15 

5 - 5 -
0 - 0 -

- 30 - 30 

Hfr12018AP-35 THH20l8AP-45 

HlN. HAX. HIN. HAX. 

35 - 45 -
30 - 40 -

0 - 0 -
30 - 35 -
0 - 0 -
0 - 0 -

- 15 - 15 

15 - 20 -
0 - 0 -

510n 

Reference Levels 
2.0V/0.8V 

I/O PI N 0----.----+ 
Output Load See Fig.l 

Fig.l OUTPUT LOAD 

- F-5 -
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TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 

nmNG WAVEFORt1S 

READ CYCLE 1. (WE=VIH. CS=VIL) 

Add. 

OE 
_____ t:::===~~Ge 

tOLZ 

DOUT 

READ CYCLE 2. 

DOUT OUTPUT DATA VALl 

lpU tpD 

SUPPLY J ec - - - - - - -~r----------------.t::====:i 
ISH eURHENT ______ ../ 

HRITE CYCLE 1. 

twe 

Add. 

tew 
--------------~ 

twp 

DOUT 

tDS 

DATA IN 

F-6 -



TI.201IAP-Z5, TIM281IAfL35, TU2818AP-45 

WRITE CYCLE 2. 

two 

Add. 

tow 

DIN DATA I N STABLE 

Note: 1. In read cycle 2, all addresses are valid prior to or coincident 

with CS transition 10\0/. 

2. The operating temperature (Ta) is guaranteed with transverse air 

flow exceeding 400 linear feet per minute. 
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T.,.,2018AJL25,T.,.,2018AP-35, T •• 2018AII-45 

OUTLINE DRAIHNGS 

Unit in mm 
24 13 

7.62±O.25 

1.4:: 0.15 

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.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

IDESCRIPTION I 
The TC5588P/J is a 65,536 bits high speed static random access memory organized as 
8,192 words by 8 bits using CMOS technology, and operated from a single 5-v6lt supply. 
Toshiba's CMOS technology and advanced circuit form provides high speed feature. 
The TC5588P/J has low power feature with device control using Chip Enable (CEI/CE2), 
and has Output Enable Input (OE) for fast memory aceess. Also the device power at 
memory access is reduced by automatic power down circuit form. The TC5588P/J is suit
able for use in cache memory where high speed is required, and high speed stora~e. 
All Inputs and Outputs are directly TTL co~patible. 
The TC5588P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

IFEATURESI 

• Fast access time: 
TC5588P/J-15 15ns(MAX.) 
TC5588P/J-20 20ns(MAX.) 
TC5588P I J-25 25ns (~IAX.) 

Low power dissipation: 
Operation TC5588P/ J-15 l20mA(~IAX.) 

TC5588P/J-20 lOOmA(~IAX.) 
TC5588P/J-25 100mAVIAX.) 

Standby 

IpIN CONNECTIONI 

(TC5588P) 
r-I.C. I 28 VDD 

AI2 2 27 WE 
A7 3 26 CE2 
A6 4 25 A8 
AS S ~ 24 A9 
A4 6 ~ 23 All 
A3 7 ;: 22 {f! 

A2 8 "" 21 A10 
Al 9 g20 CIT 
AO 10 '-' 19 V08 

VOl 11 18 1/07 
1/02 12 17 1/06 
1/03 13 16 1/05 

Gr-ID J4 15 1/04 

(DIP) 

PIN NJlt.IESI 

lmA(MAX.) 

(TC5588J) 

r-I.C. 1 28 ~ VDO 
AI2 2 27 ~Wii 

A7 3 26 ~ CE2 
A6 4 25 pA8 
AS 5 ~ 24 ~ A9 
A4 6 ~ 23 ~AII 
A3 7 > 22 ~~ 

8 pAlO A2 "" 21 
AI 9 g 20 pm 
AO 10 '-' 19 ~ V08 

VOl 11 18 ~ V07 
V02 12 17 ~ I/OS 
iA>3 13 16 ~ V05 

GND 14 IS~ 1/04 

(SOJ) 

AO"'Al2 Address Inputs 
1/01'" 1/08 Data Input/Output 
eEl, CE2 Chip Enable Input 

WE Write Enable Input 
lm" Output Enable Input 
VDD Power (+5V) 
GND Ground 

• 5V Single power supply: 5V±10% 
• Fully static operation 
• Directly TTL compatible: All Input and 

Output 
• Output buffer control: OE 
• Package: 

28 Pin plastic 300 mil DIP: TC5588P 
28 Pin plastic 300 mil SOJ: TCS588J 

ISLOCK DIARAMI 
CLOCK -
GENERA.TOR 

PRECHARGE 
CIRCUIT 

MSB ;-'-- - --aVDD 

~ '" - .. r-- MEMORY CELL --oGND 
en" '" ARRAY 

~ ~'" c "- 0 
2S6x32x8 2== ~8~ ~u 

~<'" ~f!l (65536) 
0-- - r------ rll I 

~ 

~ SENSE AMP !5 == 
"" ""==-2: ~ --.. ,... COLUMN og; =-'" DECODER <"-

~!:: 1-"-
<::> 

~a:l eo> COLUMN ADDRESS ~ 
'-;-

BUFFER '--

AI2 

? 
AS 

LSB 

1/01 

( 
V08 

f4 b b b fo 
MSB~LSB 

'--

WEo-<~ 
,., '"' ~ 0---< g"'~ 

CE2a-- ~~~ 
o-~ CETo---<~ 
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TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

!MAXIMUM RATINGS! 

SYNBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3'V 7.0 V 

VIN Input Voltage -2.0'V7.0 V 

VOUT Output Voltage -0.5 'V VDD+O.5 V 

PD Power Dissipation 1.0 W 

Tsolder Soldering Temperature' Time 260' 10 °C'sec 
Tstrg Storage Temperature -65 'V 150 °c 

Topr Operating Temperature O'V 70 °c 

! D C. RECOMMENDED OPERATING CONDITIONS (Ta-O'V 70·C)1 

SYHBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - VOD+O·3 V 

VIL Input Low Voltage -0.3 - 0.8 V 

ID.C. CHARACTERISTICS (Ta=O'V70'C, VOO=5V±10%)! 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

IlL Input Leakage Current VIN=O'V VOD - - ±1 

IOH Output High Current VOH=2.4V -4 - -
IOL Output Low Current VOV"0.4V 8 - -
ILO Output Leakage Current CEl=VIH or CE2=VIL or WE=VIL - - ±l 

VourO 'V VOO 
VOO=5.5V, tcycle=Min cycle -l) - - 120 

IDDO Operating Current CEl=VIL and CE2=VIH -20 
Other Input=VIH/VIL ~ - - 100 

VDD=5.5V, tcycle=Min cycle 
IDDSI CEl=VIH or CE2=VIL - - 20 

Standby Current Other Input=VIH/VIL 

IDOS2*1 CEl=VDD-0.2V or CE2=0.2V - - 1 
Other Input=VDD-0.2V or 0.2V 

*1: In standby mode with CEl~VOD-0.2V. these specification limits are guaranteed 
under the condition of CEl~VDD-0.2V or CE2 ~ 0.2V. 

ICAPACITANCE*2 (Ta=25'C, f=l.OMHz)I 

SY}lBOL PARAHETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 5 pF 

COUT Output Capacitance VourGND 7 pF 

*2: This parameter periodically sampled is not 100% tested. 

- F-10 -
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TC5588P/J-15, TC5588P/J~20, TC5588P/J-25 

IA.c. CHARACTERISTICS I (Ta-0-10 C. VDD-5V±10l) 

READ CYCLE 

SYMBOL PARAMETER 

t RC Read Cycle Time, 
lACC Address Access Time 
t COL CEI Access Time 
t CO2 CE2 Access Time 
tOE DE Access Time 
t OH Output Data Hold Time from Address Change 
t COE OutPUt Enable Time from CEI or CE2 
t COD Output Disable Tille froll CE1 or CE2 
t DEE Output Enable Tille froll DE 
t 000 Output OisableTime from DE 
t PU Chip Selection to Power Up Time 
t PO Chip Oeselectlon to Power Down Tile 

WRITE CYCLE 

SYMBOL PARAMETER 

t IIC IIrlte Cycle Time 
t CW Chip Enable to End of IIrlte 
US Address Set Up Time 
t WP IIrite Pulse lIidth 
t\IR IIrite Recovery Time 
tOS Data Set Up Tile 
t DH Data Hold Time 
t DEW OutPUt Enable Time from liE 
t DOli Output Disable Time from \IE 

lAC TEST CONDITIONSI 

Input Pulse Levels 3. OV /O.OV 
Input Pulse Rise and 3ns Fall Times 

Timing Measurement 2.0V/O.8V Reference Levels 

Output Load Fig. 1 

- F-11 -

TC5588P/J-l5 TC5588P/J-20 
MIN. MAX. MIN. MAX. 

15 - 20 -
- 15 - 20 
- 15 - 20 
- 15 - 20 
- 9 - 10 
5 - 5 -
5 - 5 -
- 10 - 10 
0 -, 0 -
- 8 - 8 
0 - 0 -
- 15 - 15 

TC5588P/J-l5 TC5588P/J-20 
MIN. MAX. MIN. MAX. 

15 - 20 -
12 - 13 -
0 - 0 -

12 - 13 -
0 - 0 -
9 - 10 -
0 - 0 -
0 - 0 -
- 8 - 8 

I Fig. 11 

5V 

I/O pin 
0-....... --+ 

TC5588P/J-25 UNIT 
MIN. MAX. 

25 -
- 25 
- 25 
- 25 
- 12 
5 - ns 
5 -
- 10 
0 -
- 10 
0 -
- 20 

TC5588P I J-25 UNIT 
MIN. MAX. 

25 -
15 -
0 -

15 - ns 
0 -

12 -
0 -
0 -
- 10 

5V 

4800 
I/Opin 

o-T---t 

2550 

(For tCOE' tOEE' teOD' 

tODO. tOEW and tODW) 



TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

I TIM ING HAVEFOru.l~ 
READ CYCLE (1) 

ADDRESSES 

CE2 tC02 

tOE 

Hi gh Impedance 

t.ffiITE CYCLE 1 (4) (fffi Controlled Write) 

ADDRESSES 

CE2 

(2) 

UNKNOWN 

OJTPIJI' DATA VALID 

- F-12 -
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TC5588P I J-15,TC5588P I J-20, T15588' I J-25 

WRITE CYCLE 2 (4) (eEl Controlled Write) 

ADDRESSES 

CE2 

DoUT 

WRITE CYCLE 3 (4) 

ADDRESSES 

CE2 

DOUT 

tCOE(5) 

UNKNCWN 

(CE2 Controlled Write) 

UNKNO\\N 

twc 

tcw 

ttw 

DATA IN 
STABLE 

DATA IN 
STABLE 

- F-13 -

High Impedance 

High Impedance 



TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

NOTE: 1. WE is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coinci

dent with or after WE Low transition. Outputs remain in a high impedance 

state. 

3. Assuming that CEl High transition or CE2 Low transition occurs coinci

dent 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) 

Output Enable Time 

Output Disable Time 

CEI.DE 

WE,CE2 

1-_(_B_)_-lHigh Impedanee 

DOUT 
High lmpedane e 

OUTPUT DATA VALID 

UNKNOWN 

- F-14 -



TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) 
UNIT: mm 

. 
~ 
I 

C:::::::::::::I] ~.~ if 0 

1 14 if 
34.9±O.2 

.., 

.,; 
+i 
." 

:i 
Ir-----------------------~I-i • 

f--+-+·ci 
+i 

v __ -+;~ 

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is O.15mm. 
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TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

IOUTLINE DRAWINGSI 

• Plastic SOJ 
UNIT: mm 

Note: Each lead pitch is 1.27mrn. 

All leads are located within O.12mm of the true longitudinal position 

with respect to No.1 and No.28 leads. 
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TOSHIBA MOSMEMORYPRODUCTS 
TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 

IDESCRIPTIONI 
The TC5589P/J is a 73,728 bits high speed static random access memory organized as 
8,192 words by 9 bits using 0105 technology, and operated from a single 5-volt supply. 
Toshiba's CMOS technology and advanced circuit form provides high speed feature. 
The TC5589P/J has low power feature with device control using Chip Enable (CEl/CE2), 
and has Output Enable Input (Of) "for fast memory access. Also the device power at 
memory a~cess is reduced by automatic power down circuit form. 
The TC5589P/J i. suitable for use in cache memory where high speed is required, 
and high speed storage. 
All Inputs and Output are" directly TTL compatible. 
The TC5589P/J is moulded in' 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

I FEATURES I 
• Fast access time: 

TC5589P/J-15 15ns(HAX.) 
TC5589P/J-20 20ns(KAx.) 
TC5589P/J-25 25ns(MAX.) 

• Low power dissipation: 
Operation TC5589P/J-15 120mA(~~.) 

TC5589P/J-20 100mA(HAX.) 
TC5589P/J-25 100mA(~~.) 

Standby lmA(MAX. ) 

I PIN CONNECTION I 
(TC5589P) (TC5S89J) 

A8 I 28 VDD A8 
A7 2 27 WE 
AS 3 26 CE2 
AS 4 25 A9 
A4 5 i 24 AIO A4 
A3 6 w 23 All A3 
A2 7 ;; 22 OE 

A2 
Al 8 ,.. 21 AI2 

Al 
AO 9 o 20 CET AO 

1/01 10 t: 19 1/09 VOl 
1/02 11 18 VOS 1/02 
1/03 12 17 V07 1/03 12 
1/04 16 13 V06 1/t>4 13 

GND 14 IS VOS GND 14 

(DIP) 

/PIN NAMES I 
(SOO) 

AO 'I. Al2 Address Inputs 
1/01 'I. 1/09 Data Input/Output 
c-EI. CE2 Chip Enable Input 

WE Write Enable Input 
OE Output Enable Input 
VDD Power (+5V) 
GND Ground 

MSB 

LSB 

• 5V single power supply: 5VtlO% 
• 'Fully static operation 
• Directly TTL compatible: All Input and 

Output 
• Output buffer control: DE 

Package: 
28 Pin plastic 300 mil DIP: TC5589P 
28 Pin plastic 300 mil SOJ: TC5589J 

ISLOCK DIAGRAMI 

---OVDD 

Al ---0 GND 

"" IoIEMORY CELL 
W ARRAY CI 

~§ 256x32x9 
='" (73728) 

1/01 
'"' 

I 
1/09 

WE 
Of 
CE2 

ffi 

;:) ... 
'"' ;:) 0= 
<~ 
~!:; 
CI= 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 

!MAXHlUM RATINGSI 

SYMBOL ITEM RATING UNIT 
VDD Power Supply Voltage -0.3 "" 7.0 V 

VIN Input Voltage -2.0 "" 7.0 V 
your Output Voltage -0.5 "" VDD+O. 5 V 
PD Power Dissipation 1.0 W 

Tsolder Soldering Temperature' Time 260 • 10 ·C·sec 
Tstrg Storage Temperature -65 "" 150 ·C 
Topr Operating Temperature o "" 70 ·C 

ID.c. RECOMMENDED OPERATING CONDITIOt\sl (Ta=O"" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VDD Power Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.2 - VDD+O.3 V 
VIL Input Low Voltage -0.3 - 0.8 V 

I D C CHARACTERISTICS I (Ta=O"" 70°C VDD-SV+l0%) , - -
SYMBOL PARAMETER TEST CONDITIOt; MIN. TYP. 

IlL Input Leakage Current VIN=O "" VDD -
IOH Output High Current VOH=2.4V -4 

IOL Output Low Current VOL=O.4V 8 

ILO Output Leakage Current EEI=VIH or CE2=VIL or WE=V1L 
VOlIT=O "" VDD -
VDD=5.5V tcycle=Min cycle -15 -

IDDO Operating Current CEl=VIL and CE2=VIH -20 
Other Input=VIH/VIL I-- -

-25 

VDD=5.5V tcycle=l1in cycle 
InDSl CEl=VIH or CE2=VIL -

Other Input=VIH/VIL 
Standby Current 

*1 CEl=VDD-0.2V or CE2=0.2V 
IDDS2 Other Input=VDD-0.2V or 0.2V -

*1: In standby mode with CE1~\~D-0.2V. these specification limits are 
guaranteed under the condition of CE2~VDD-0. 2V or CE2:$ O. 2V. 

ICAPACITANCEr2 (Ta=2SoC f=l OMHz) • 
SYMBOL PARAHETER TEST CONDITION 

Cin Input Capaci tance VIN=Glill 

Cout Output Capacitance VOUT=GND 

*2: This parameter periodically samples is not 100% tested. 

- F-18 -
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-

-

MAX. 

5 

7 

MAX. UNIT 

:!:l ).JA 
- rnA 

- rnA 

:tl ).JA 

120 
rnA 

100 

20 

mA 

1 

UNIT 

pF 

pF 



TC558IP/J~15, TC55UP1J-20, TC558IP/J-25 

I A.C. CHARACTERISTICS I (Ta-0-70 C. VDD-5V±10%) 

READ CYCLE 

SYMBOL PARAMETER 

t RC Read Cycle Time 
tACC Address Access Time 
t COl CE 1 Access Ti lie 
t CO2 CE2 Access Ti me 
tOE DE Access Ti me 
tOH Output Data Hold Time from Address Change 
tCOE Output Enable Time from CEI or CE2 
tCOD Output Disable Time from CEI or CE2 
t OEE Output Enable Time from DE 
t 000 OutPUt Disable Time from DE 
t PU Chip Selection to Pover Up Time 
t PD Chip Deselection to Pover Down Time 

WRITE CYCLE 

SYMBOL PARAMETER 

t liC Write Cycle Time 
t Cli Chip Enable to End of lirite 
t AS Address Set Up Time 
t liP write Pulse liidth 
t IiR Write Recovery Time 
t DS Data Set Up Time 
t DH Data Hold Time 
t OEIi Output Enable Time from liE 
t ODW Output Disable Time from liE 

lAC TEST CONDITIONSI 

Input Pulse Levels 3.0V/O.OV 
Input Pulse Rise and 3ns Fall Times 

Timing Measurement 2.0V/O.8V Reference Levels 

Output Load Fig. 1 

TC5589P/J-l5 TC5589P/J-20 
MIN. MAX. MIN. MAX. 

15 - 20 -
- 15 - 20 
- 15 - 20 
- 15 - 20 
- 9 - 10 
5 - 5 -
5 - 5 -
- 10 - 10 
0 - 0 -
- 8 - 8 
0 - 0 -
- 15 - 15 

TC5589P/J-15 TC5589P/J-20 
MIN. MAX. MIN. MAX. 

15 - 20 -
12 - 13 -
0 - 0 -

12 - 13 -
0 - 0 -
9 - 10 -
0 - 0 -
0 - 0 -
- 8 - 8 

IFig. 11 

5V 

vt> pin 
o--....-~ 

480~ 

2550 

- F-19 -

TC5589P/J-25 UNIT 
MIN. MAX. 

25 -
- 25 
- 25 
- 25 
- 12 
5 - ns 
5 -
- 10 
0 -
- 10 
0 -
- 20 

TC5589P/J-25 UNIT 
MIN. MAX. 

25 -
15 -
0 -

15 - ns 
0 -

12 -
0 -
0 -
- 10 

5V 

4800 

CL= 5PFl 2550 

(For teOE' tOEE' teOD' 

tODO. tOEW and tODW) 



TC5589P/J .. 15, TC5589P/J"20, TC5589P/J-25 

InrHNG liAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

CE2 

DOUT 

tCOI 

tOEE(5) 

OUTPUT DATA VALID 

HRITE CYCLE 1 (4) (HE Controlled Write) 

ADDRESSES 

CE2 

DoUT 

twc 

DATA IN 
STABLE 

- F-20 -

UNKNOWN 



TC5589P/J-15, TeB589PI J-21, TC5589P IJ-25 

WRITE CYCLE 2 (4) (CEl Controlled Write) 

ADDRESSES 

CE2 

tDS 

DATA IN 
DIN STABLE 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

WE 

CE2 

- F-21 -

tew 

DATA IN 
STABLE 

Hi h 1m edanee 

High Impedanee 



TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 

Note: 1. WE is High for Read Cycle. 

2. Assuming that eEl Low transition or GE2 High transition occurs coincident 

with or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming that eEl High transition or GE2 Low transition occurs coincident 

with or prior to WE High transition, Outputs remain in a high impedance 

state. 

4. Assuming tha 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) teOE' tOEE. tOEW ••••••••• Output Enable Time 

(B) tCOD. tODO. tODW ••••••••• Output Disable Time 

0.2 V 
Hi b 1m edanee 

'--__ --0\.-+-0.2 V 
UNKNOWN 
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TC5589P/J-15, TC55891/J-20, lC5589P/J-25 

IOUTLINE DRAWINGS I 

• Plastic DIP (DIP28-P-300B) UNIT: mm 

~ 
28 15 -Y--&~----r'1n 

[::::::::::::]] ~ ii-
I 14 1; 

'" o 
34.9±O.2 +! 

tl") 

i 
~ ____________________ ~_i ~ 

'" {--+-+·o 
+! 

V---n:J 

Note: Package width and length do not include mold protrusion. 

allowable mold protrusion is O.ISmro. 
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TC5519p ' .... 15, TC5519P' .1-20, TC5519P' .1-25 

I OUTLINE DRAWINGS I 
• Plastic SOJ 

18.6~NAX. 

28 15 

N :;l d 
-+l -+l 
::: .... 

oci 
INDEX DOT -14 

1.27 II 0.~3±0.1 
0.71 ±O.l 

Note: Package width and length do not include mold protrusion. 

allowable mold protrusion is O.15mm. 

- F-24 -

UNIT: mm 

-~ 

"l 
0 
-+l 
"I ... 

I)) 



TOSHIBA MOSMEMORYPRODUCTS 
Te5561 P/J-45, Te5561 P/J-55, Te5561 P/J-70 

IDESCRIPTIONI 

The TC5561P/J is a 65,536 bit high speed static random access memory organized as 
65,536 words by 1 bit using CHOS 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/70ns and maximum operating current of 
lOO~~ at minimum cycle time. The TC5561P/J also features an automatic stand-by mode. 
Hhen deselected by Chip Enable CCE), the operating current is reduced from lOOmA to 2mA. 
The TC5561P/J is suitable for use in main memory of high speed computer and pattern 
memory, Ivhere high speed/low pOI;er/high density are required. The TC5561P is moulded 
in a 22 pin plastic DIP Ivith 300 mil width for high density assembly and the TC5561J is 
moulded in a 24 pin plastic SOJ with 300 mil width for high density surface assembly. 
The TC5561P/J is fabricated with ion implanted CMOS silicon gate HOS technology for 
high performance and high reliability. 

IFEATURESI 

• Fast access time: TC5561P/J-45 
TC5561P/J-55 
TC5561P/J-70 

• Low power dissipation: Operation 
Stnndby 

I P W CONNECTI ON I 
TC5561P 

(TOP VI Eln 

AO 1 22 VDD AO 
Al 21 A15 Al 
A2 :3 20 A14 A2 
A3 .. 19 A13 A:3 
A4 5 18 A12 A4 
A5 0 17 All A5 
Ad 7 16 AI0 N.C. 
A7 8 15 A9 A6 

DOUT 9 14 A8 A7 
WE 10 13 DIll DOUT 

OND 11 12 CE WE 

(DIP) OND 

IPIN NA~1ESI 

AO 'V A15 Address Inputs 
DIN Data Input 
DOUT Data Output 

TC556lJ 
(TOP VIm) 

1 24 P 
2 23p 
3 22 
4, 21 
b 20 P 

[ ,; hl 
[ 7 18 
[ 8 17 
[ 9 16 
[ 10 15 
[11 14 
[12 13 

(SOJ) 

CE Chip Enable Input 
\JE Ilrite Enable Input 
VDn POI;er (+5V) 
GND Ground 
N.C. No Connection 

45nsCMAX.) 
55ns (~lAX. ) 
70ns(HAX.) 

1 OOmA (t1AX . ) 
2mA (tIAX. ) 

5V single power supply 

Fully static operation 

Directly TTL cowpatible: 
All Input and Output 

I/O separate 

Package: 22 Pin plastic 300 mil DIP 
: TC5561P 

24 Pin plastic 300 mil SOJ 
: TC5561J "DD 

A15 
A14 
A13 

A12 
N.C. 

All 
AI0 
A9 

A8 

DIN 
GE 

IBLOCK DIAGRAI11 

--0 vDD 

MEMORY CELL --0 GND 

ARRAY 

256x256 

SENSE AMP. DOUT 

A8 A9 AlO Al1 Al2Al3.-\.14.-\.15 

~E~~=t=r----------------------~ 
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Te5561 P/d-45, TC5561 P/d-55, TC5561 P/d-70 

I t~AX H-1UM RATING 51 
SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3 'V 7 • 0 V 

VIN Input Voltage -2.0 'V 7 . 0 V 
VOUT Output Voltage -0.5 'V VDD+O. 5 V 
PD Power Dissipation 650 mH 

Tsolder Soldering Temperature 260 • 10 ·C • sec 

Tstg Storage Temperature -65 'V 150 ·C 

Topr Operating Temperature o 'V 70 ·C 

ID C RECOMMENDED OPERATING CONDITIONSI 
SYHBOL PARAHETER NIN. TYP. HAX. UNIT 

VDD POIJer Supply Voltage 4.5 5.0 5.5 V 

VIII Input Higb Voltage 2.2 - VDD+0.3 V 
"--" " 

VIL Input LOI, Voltage -0.3 - 0.8 V 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

IDe and OPERATING CHARACTERISTICS I (Ta=O 'V 70·C VDD=5V+10%) , - , 

SYHBOL PARA~IETER TEST CONDITION NIN. TYP. HAX. UNIT 

lIN Input Leakage Current VIN=O 'V VDD - - ±l.0 lJA 

IOH Output High Current VOH=2.4V -8 - - rnA 

IOL Output LOH Current VOL=0.4V 8 - - rnA 

ILO Output Leakage Current 
CE=Vnl or HE=VIL - - ±l.0 lJA 
VOUT=O 'V VDD 
VDD=5.5V, tcycle=Hin cycle 

IDDO Operating Current CE=VIL - - 100 rnA 

Other Input=VIH/VIL 

IDDSI CE=VIH - - 2 lll.!; 

I DDS 2 
Standby Current 

CE=VDD-0.2V 100 lJA - -

ICAPACITANCEI (Ta=?5"C) -
snlBot PARA~lETER TEST CONDITION HAX. UNIT 

CIN Input Capacitance VrwGND 10 pF 

COUT Output Capacitance VOUT=GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC5561P/J-45, TC5561P1J-55, TC6561P/J;'70 

IA.c. CHARACTERISTICSi (Ta=0'V70°C, VDD=5V±10%) 

Read cycle 

TC556lP-45 TC556lP-55 TC5561P-70 
SYHBOL PARMJETER TC556lJ-45 TC556lJ-55 TC5561J-70 UNIT 

MIN. ~IAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 45 - 55 - 70 - ns 

tACC Address Access Time - 45 - 55 - 70 ns 

tco Chip Enable Access Time - 45 - 55 - 70 ns 

tCOE Chip Enable to Output in LOtv-Z 5 - 5 - 5 - ns 

tCOD Chip Enable to Output in High-Z - 15 - 15 - 15 ns 

tOH Output Data Hold Time 5 - 5 - 5 - ns 

Write cycle 

TCSS61P-45 TC556lP-55 TC556lP-70 

SYHBOL PARM1ETER TC556lJ-45 TC556lJ-S5 TC556lJ-70 
U~IT 

MIN. ~1AX • :II~ . MAX. NIN. ~1AX. 

t\JC \Jrite Cycle Time 45 - 55 - 70 - ns 

tHp \hite Pulse IJidth 30 - 35 - 35 - ns 

t CIJ Chip Enable to End of l.Jrite 30 - 35 - 35 - ns 

tAW Address Set up Time 0 - 0 - 0 - ns 

tIm \-Idte Recovery Time 0 - 0 - 0 - ns 

tODH I-iE to Output High-Z - 15 - 15 - 15 ns 

tOElJ \IE to Output LOtJ-Z 0 - 0 - 0 - ns 

tDS Data Set up Time 25 - 25 - 30 - ns 

tDB Data Hold Time 0 - 0 - 0 - ns 

IA.C. TEST CONDITIONSI 

Input Pulse Levels 0.6V, 2.4V 4BOO 

Input "Rise and Fall Time Sns I--r----t-----<> DOUT 

2550 
Input and Output Timing 

1. 5V Reference Levels 

Output Load See Fig. 1 

30pF I 
Fig.l Output Load 



TC5561 P/J-45, TC55al P/J-55, Te556l P/J-70 

ITIt4ING \~AVEFORMSI 

READ CYCLE 

Address 

~oO 

DOUT OUTPUT 

tvRITE CYCLE I (fJE Controlled Ivrite) 
two 

Address 

DO liT 

tDS 

DATA IN 
STABLE 

WRITE CYCLE 2 (CE Controlled tvri te) 

Note: 1. 
2. 

3. 

4. 

Address 

DOUT 

R/lV is High for Read Cycle. 
Assuming that CE Lo\,/ transition occurs coincident t.,ith or after WE 
Lo\,/ transition, Outputs remain in a high impedance state. 
Assuming that CE High transition occurs coincident with or prior to 
IvE High transition, Outputs remain in a high impedance state. 
The operating temperature (Ta) is guaranteed with transverse air 
flot., exceedirig 400 linear feet per minute. 
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TC558IP'''-45, TG5&lI".8-55, TG5111P' .... '. 

DATA RETENTION CHARACTERISTICS 

SYMBOL PARA~IETER IUN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

VDD=3.0V - - 50 
I DDS2 Standby Supply Current ].IA 

VDD=5.5V - - 100 

tCDR Chip Deselection to Data Retention Mode 0 - - ns 

TC556lP-45 45 - -
tR Recovery Time TC556lP-55 55 - - ns 

TC556lP-70 70 - -

Data Retention Mode 

4.5V ----------

VDD-O.2V 

GND 

Note:" 5. If the VIH of CE is 2. 2V in operation, IDDSI current f10\~S during 

the period that the VDD voltage is going dotm from 4. 5V to 2. 4V. 
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1C5561 P/J-45, 1C5561 P/J-55, 1C5561 P/J-70 

IOUTLINE DRAWINGSI 

• Plastic DIP 

Unit in mm 

22 21 20 19 18 17 16 15 U 13 12 

gol:::]] 
1 ;:: :I 4 5 6 'Z 8 9 10 11 

:2 7.3 MAX. I 

-Frt-F=H=1--F9-F9---FH
1] ~ 

~] 

7.62 TYP. 

SO 

r 
I ~ I \ 

-.1-

I IJ I J 
1- I 

5° 
+0.1 I 

(N ota ) 
~:.j -±-7 'J.;'; c l.4±007 

Note: Each lead pitch is 2.54mm. 

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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TC5581 P/J-45,TC5561P/J-55, TC5581P/"~70 

I OUTLl tiE DRA~II NGS/ 

• Plastic SOJ 

16.0MAX. 

24 23 22 2120 19 18 17 16 15 14 l.:l 

+1----- --j-------\- I 

INDEX DOT 

1 2 a 456 7 8 9 ro u ~ 

o 
It) 
r: 

Note: Each lead pitch is 1.27mm. 

Unit in rom 

0.9 TYP. 

::l.55MAX. 

All leads are located within O.12mrn of the true longitudinal 

position with respect to No.1 and No.24 leads. 



TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 
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TOSHIBA MOSMEMORYPRODUCTS 
TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 

IDESCRIPTIONj 

The TC5562P/J is a 65,536 bit high speed static random access memory organized 
as 65,536 words by I 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 35ns/45ns/55ns and maximum operating 
current of 100mA at minimum cycle time. The TC5562P/J also features and automatic 
standby mode. When deselected by chip Enable (CE), the operating current is reduced 
from 100mA to 20mA. The TC5562P/J is suitable for use in main memory of high speed 
computer and pattern memory, "here high speed/high density are required. The TC5562P 
is moulded in a 22 pin plastic DIP "ith 300 mil width for high density surface as
sembly and the TC5562J is moulded in a 24 pin plastic SOJ with 300 mil width for high 
density surface assembly. The TC5562P/J is fabricated with ion implanted CHOS silicon 
gate MOS technology for high performance and high reliability. 

I FE!\TIJRES I 
Fast access time: TC5562P/J-35 35ns(HAX.) 

TC5562P/J-45 45ns(MAX.) 
TC5562P/J-55 55ns(MAX.) 

IPIN 

Low ~a~er dissipation: 

CON~IECTIorj I 
TC5562P 

Operation 
Standby 

TC5562J 

100mA nL\X.) 
20mA (~lAX.) 

(TOP VIEH) (TOP VIEH) 

AO 1 22 
Al - 21 
A2 3 20 

A3 ~ 19 
A4 ~ 18 
A5 " 17 

A6 7 16 

A7 8 15 
Dour 9 14 

II'E 10 13 

OND 11 12 

VnD 
~.15 

A14 

;'13 

/1..1:::! 

All 
Ala 
A9 

A8 
DIN 
CE 

AO [ 1 

Al [2 

A2 :3 

A3 .. 

A4 5 

A5 C 

N.C. 7 

A6 8 

A7 9 

24 

23 

~-

21 

20 

19 

18 

17 

16 
15 
14 

(DIP) 

Dour 10 
WE 11 

OND J.;; 13 

'-:-( S-O-=J':"") ,..I 

[PIN NN1ES[ 

AO '" Al5 Address Inputs 
DIN Data Input 
DOUT Data Output 
CE Chip Enable Input 
\JE Write Enable Input 

VDD PQI,er (+5V) 

GND Ground 
N.C. No Connection 

VDn 
A15 
Al~ 

A13 
.;1:; 

n.c, 
All 
AID AO 
A9 Al 
A8 A2 
DIN A3 
CE A4 

A5 
A6 
A6 

nIN 

CE 

WE 

5V single pOlver supply 

• Fully static operation 

Directly TTL compatible: All Input 
and Output 

I/O separate 

Package: 22 Pin Plastic 
: TC5561P 

24 Pin Plastic 
: TC5562J 

IBLOCK DU.GRAf11 

O--H:cJt1 C MEMORY CELL 
o 

O--H:cJD '" 
o--H:cJt1 S 
o-~..-I'-1 ;. o 
o--H:otj 0:: 

ARRAY 

256x256 

SENSE AMP. 

300 

300 

AS M! AlOAll Al2 Al3Al4Al5 

mil DIP 

mil :.~ J 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 

!f4AX H4UI>1 RA TI NGSI 
SYHBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3 'V 7.0 V 

VIN Input Voltage -2.0'V7.0 V 

VI/O Input and OutputVoltage -0.5 'V VDn+O. 5 V 
PD Power Dissipation 650 mH 
Tsolder Soldering Temperature 260 ·10 ·C • sec 
Tstg Storage Temperature -65 'V 150 ·C 
Topr Operating Temperature o 'V 70 ·C 

10 C RECOr'U·1HIDED OPERATING CONDITIONSI 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VDD POHer Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.2 - VDD+0.3 V 
VIL Input LOH Voltage -0.3 - 0.8 V 
VDH Data Retention Supply Voltage 2.0 - 5.5 V 

10 C and OPERATING CHARACTERISTICSi (Ta=0'V70·C VDD=5V+IO%) , . 
SYHBOL PARAtlETER TEST CONDITION NIN. TYP. HAX. U;\IT 
IIL Input Leakage Current VIN-O "'VDD - - ±1.0 ~A 

IOH Output High Current VOH=2.4V -8 - - rnA 

IOL Output LOH Current VOL=0.4V 8 - - rnA 

ILO Output Leakage Current CE=VIH or I.JE=VIL - - ±l. 0 IJ A VOUT=O ",VDD 

VDD=5.5V, tcycle=Hin cycle, 
IDDO Operating Current CE=VIL - - 100 rnA 

Other Input=VIH/VIL 
VDD=5.5V, tcycle=Min cycle 

IDDSI CE=VIH - - 20 
Other Input=VIH/VIL 

rnA Standby Current 

IDDS2 
CE=VDD-0.2V - - 2 
Other Input VDD-0.2V or 0.2V 

I CAPAC ITANCEI (Ta=25 ·C) 

SYHBOL PARANETER TEST CONDITION !-lAX. 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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TC558!P I d-35, TC556!P I d-45, TC5582P I d-55 

IA.C. CHARACTERISTICSI (Ta=O "'lO°C, VDD=5V±lO%) 

READ CYCLE 

TC5562P-35 TC5562P-45 TC5562P-55 

SYHBOL PARAMETER TC5562J-35 TC5562J-45 TC5562J-55 UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 35 - 45 - 55 - ns 

tACC Address Access Time - 35 - 45 - 55 ns 

tco Chip Enable Access Time - 35 - 45 - 55 ns 

tCOE Chip Enable to Output in LOI.,-Z 5 - 5 - 5 - ns 

tCOD Chip Enable to Output in High-Z - 15 - 15 - 15 ns 

tOH Output Data Hold Time 5 - 5 - 5 - ns 

WRITE CYCLE 
TC5562P-35 TC5562P-45 TC5562P-55 

SYNBOL PARAHITER TC5562J-35 TC5562J-45 TC5562J-55 UNIT 
HIN. HAX. m~. HAX. NIN. MAX. 

tlvC I~rite Cycle Time 35 - 45 - 55 - ns 

tIJP I~rite Pulse IJidth 25 - 30 - 35 - ns 

tCH Chip Enable to End of Hrite 25 - 30 - 35 - ns 

tAIJ Address Set up Time 0 - 0 - 0 - ns 

t\~R I"ri te Recovery Time 0 - 0 - 0 - ns 

tODl~ m to Output LOH-Z - 15 - 15 - 15 ns 

tom WE" to Output High-Z 0 - 0 - 0 - ns 

tDS Data Set up Time 20 - 25 - 25 - ns 

tDH Data Hold Time 0 - 0 - - - ns 

I A C TEST CONDITIONSI 

Input Pulse Levels 0.6\', 2.4V 
4.800 

Input Rise and Fall Time Sns 
Input and Output Timing 

1.5V Reference Levels 
I---.--~--~ DOUT 

Output Load See Fig. 1 2550 

Fig.l Output Load 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 

ITIMING WAVEFORt1S1 

READ CYCLE 

Address 

DOUT 

\-JRITE CYCLE 1 (1m Controlled Ivrite) 

Address 

DOUT 

IJRITE CYCLE 2 (CE Controlled l.Jri tel 

Address 

DOUT 

Note: 1. HE is High for Read Cycle. 

DATA IN 
STABLE 

2. Assuming that CE Low transition occurs coincident \,1ith or after I.JE LOI,1 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident l-rith 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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TC55B2P/""35, TC5562P/"-45, TC55&Z'''1-5& 

IOUTLINE DRAIHNGSI 

• Plastic DIP 

Unit in nun 

ti::I:::::I] 
1 2 5 4 5 6 "I 8 9 10 11 

7.62 TYP. 

SO 

Note: Each lead pitch is 2.S4mm. 

All leads are located \"ithin O.2Smm of the ture longitudinal 

position with respect to No.1 and No.22 leads. 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 

IOUTLINE DRAHINGSI 

• Plastic SOJ 

16.0MAX. 

242:l 22 2120 19 18 1716 15 14 13 

0.36-0.48 

0.66-0.76 

Note: Each lead pitch is 1. 27mm. 

o 
on 

'" 

Unit in mm 

O.9T¥P. 

3.55MAX. 

All leads are located \vithin O.12mm of the true longitudinal 

position with respect to No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC55416P-20, TC55416P-25, TC55416P-35 

IDESCRIPTION I 

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 \,ith a maximum access time of 20ns/2Sns/3Sns and maximum operating current of 
120ITL-\/120mA/100mA 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 20mA. 
The TC55416P is suitable for use in cache memory and high speed storage, where high 
speed/high density are required. 
The TC554l6P is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 
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. 

IFEATURES I 
Fast access time: 

TC55416P -20 20ns (~lA.X.) 
TC554l6P -25 25ns(rlAX.) 
TCS54l6"P -35 35ns(>L6,.X.) 

LOI, pOller 
Operation 

Standby 

dissipation: 
TC55416P -20 
TC55416P -25 
TC55416P -35 

I PHI CC!H!ECTIm!1 

TC554l6P 

(DIP) 

IPIN ~w'Esl 
AO '" Al3 
1/01'" 1/04 

C~ 

VDD 
A9 

AIO 
All 
AIZ 

Al3 

I/o 1 

1/02 
V03 
V04, 

WE 

Address Inputs 
Data Input/Output 
Chip Enable Input 

120rnA (~lAX.) 
l20rnA (~1AX. ) 
lOOIT'A(M..l.X. ) 

20rnA (1)lA.X. ) 

5V single pOtJer supply 
-20 : 5V±5% 
-25, -35: SV±lO% 

Fully static operation 
Directly TTL compatible: 

All Input and Output 
• Package: 

22 pin plastic 300mil DIP (TCS5416P) 

I BLOCK D IAGRM1 I 
CE-----, 

A6 O---+CC::r::J 
A'I ~ 
AS ,::) 

A 9 o---+1::L::!j 
AIO 
All n----I-<I'>--H 

A12 c>--H;~jj 
A13 o--+C1:::t:1 

o 

Val o--r---Q---' I 

V02o--h---{:-+-F"Tn 

MEMORY 

CELL ARRAY 

(256X64X4) 

I/O 3 L-,-,.....rr;+-'T+-rr-rr' 

V04O--~~~~~~Lf-4_~+-~~ 

--<lOND 

HE Write Enable Input 
VDD Power (+5V) 
GND Ground 
N.C. No Connection CE 
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TC55416P-20, TC55416P-25, TC55416P-35 

~lAX rr'lUM RAT I NGS 

SY~!BOL ITEM RATI~G UNIT 

'JDD Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VOUT Output Voltage -O,S-VDD+O.S V 

PD Power Dissipation 650 ml, 

Tsolder Soldering Temperature 260·10 °C·sec 

Tstg Storage Temperature -65-150 °c 

Topr Operating Temperature 0-70 °c 

D.C. RECO~1MENDED OPERATING CONDITIONS 

SYHBOL PARAt1ETER HIN. TYP. HA)\:. UNIT 

VDn Power I -20 4.75 5.0 5.25 
Supply Voltage 

I -25, -35 4.5 5.0 5.5 
V 

VIH Input High Voltage 2.2 - Vnn+0.3 
VIL Input Low Voltage -0.3 - 0.8 

D.C. and OPERATHIG CHARACTERISTICS (Ta=0-70°C, -20: VDD=5V±5% -25, -35: Vnn=5V±lO%) 

SYNBOL P AWIETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VDD - - ±1.0 ).JA 

IOH Output High Current VOH=2.4V -4 - - rnA 

IOL Output Low Current VOL=0.4V 8 - - rnA 

110 Output Leakage Current 
CE=VIH or HE=VIL - - ±1.0 ).JA 
VOUT=O-VDD 
tcycle=Hin cycle VDD=5.25V -20 - - 120 

IDDO Operating Current CE"=VIL -25 - - 120 rnA 

Other Input=VIH/VIL 
VDD=5.5V 

-35 100 - -
tcycle-Min cycle VDD=5.25V -20 

IDDSl CE=VIH -25 - - 20 
Standby Current Other Input=VIH/VIL 

VDD=5.5V - rnA -35 

IDDS2 
CE=VDD-0.2V - - 1 
Other Input=VDD-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 

SYMBOL PAW!ETER TEST CONDITION HAX. UNIT 
CIN Input Capacitance VIN=GND 7 pF 

COUT Output Capacitance VOUT=GND 9 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC56416p..20, TC55416JLZ5, TC55416p..35 

A.C. CHARACTERISTICS (Ta=0-70·C, -20: VDD=5V±5% -25, -35: VDD=5V±10%) 

:l.ead Cycle 

SYMBOL PARAHETER 
TC55415P -20 TC55415? -25 TC55416P -35 

MIN. MAX. NUl. HA .. 'i:. mi~. Hfu~. 

tRC Read Cycle Time 20 - 25 - 35 -
tACC Address Access Time - 20 - 25 - 35 

tco Chip Enable Access Time - 20 - 25 - 35 

tCOE Chip Enable to Output in Low-Z 0 - 0 - 0 -
tCOD Chip Enable to Output in High-Z - 10 - 15 - 15 

tOH Output Data Hold Time 5 - 5 - 5 -

Write Cycle 

TC55416P -20 TC55416? -25 TC55416? -35 
SYMBOL PARAMETER ,--

HIM. MAX. MIN. t1AX. MIN. ;1AX. 

twc Write Cycle Time 20 - 25 - 35 -
twp Write Pulse Width 16 - 20 - 30 -
tcw Chip Enable to End of Write 18 - 20 - 30 -
tAS Address Set Up Time 0 - 0 - 0 -
tWR Write Recovery Time 0 - 0 - 0 -
tODW WE to Output High-Z - 8 - 10 - 15 

tOE\~ WE to Output Low-Z 0 - 0 - 0 -
tDS Data Set Up Time 11 - 12 - 15 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS 

Input Pulse Levels O.OV, 3.0V 

Input Rise and Fall Time Sns 

Input and Output Timing D. 8V, 2.0V 
Reference Levels 

I/O ?IN o-~_--< 
Output Load See Fig.l 

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. 
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TC55416P.20, TC55416P.25, TC55416P.35 

TIMING WAVEFORMS 
READ CYCLE(l) 

ADDRESS 

DOUT 

WRITE CYCLE 1 

ADDRESS 

CE 

WE 

DOUT 

DIN 

WRITE CYCLE 2 

ADDRESS 

CE 

WE 

DOUT 

(WE Controlled Write) 

>f 
~. ~~"@ 
ItAs 
>--=1 

(CE Controlled \~ri te) 

Note: 1. WE is High for Read Cycle. 

HIGH IMPEDANCE 

"CDS 

DATA IN 

twc 

tcw 

HIGH 

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 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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OUTLIriE DRAtHfiGS 

• Plastic DIP 

TC55416P.20, TC55416P-25, TC55416P.35 

Unit in rnm 

o 
It> 

[::::::::::1] ~~J, 
11 

27.2±02 

'" o 
+I 

---'-;:l 

:~ote: Package IJidth and length do not include mold protrusion, allowable 

mold protrusion is O.lSmrn. 
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TC55416P-20, TC55416P-25, TC55416P-35 
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TOSHIBA MOS MEMORY PRODUCTS 

!DESCRIPTION! 

TC55417 PI J-20, TC55417 PI J-25, 
TC55417 PI J-35 

The TC554l7P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by4 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 20ns/25ns/35ns and maximum operating current of 
l20mA/120mA/100mA at minimum cycle time •. The TC554l7P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(CE), the operating current is reduced 
to 20mA. The TC554l7P/J is suitable for use in cache memory and high speed storage, 
where high speed/high-density are required. The TC554l7P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with 0.3 inch width for high density 
assembly. The TC554l7P/J is fabricated with ian implanted CMOS silicon gate HOS tech
nology for high performance and high reliability. 

IFEATURES! 

• Fast access time: 
TC554l7P/J-20 20ns(MAX.) 
TC554l7P/J-25 25ns(MAX.) 
TC554l7P/J-35 35ns(MAX.) 

Low power dissipation: 
Operation TC554l7P/J-20 l20mA(MAX.) 

TC554l7P/J-25 l20mA(HAX.) 
TC554l7P/J-35 100mA(HAX.) 

Standby 20mA(MAX.) 
• 5V single power supply 

-20 5V±5% 
-25, -35: 5V±10% 

I PIN CONNECTION I 
( TC554l7P) ( TC55417:r) 

AS 1 AS 1~ 24 
A7 2 A7 2 23 
A6 :; A6 
A5 4 

'" A5 
A4 5 r.l A4 H 

3 r-.. 22 

4 '" 21 
r.l 

2J 5 H 
A3 6 > A3 6 > 19 
A2 7 P, A2 7 P, 18 
Al S 0 Al 
AO 9 

r- AO 
C]; 10 CE 

8 0 17 r-
9 ~ 16 
0 15 

DE 11 14 OE 11 14 
OND 12 13 OND 12 13 

( DIP) (SO:r) 

Ip I N NA~lESI 
AO '" Al3 Address Inputs 

~LOI '" 1/04 Data Input/Output 
CE Chip Enable Input 
WE Write Enable Input 

'IDD 
A9 

AlO 
All 
A12 
A1:; 
N.C. 
VOl 
V02 
Vo:; 
V04 
WE 

OE Output Enable Input 
VDD Power (+5V) 
GND Ground 
N.C. No Connection 

Fully static operation 
Directly TTL compatible: 
All Input and Output 

Output buffer control: OE 
• Package: 

24 Pin plastic 300 mil DIP (TC554l7P) 
24 Pin plastic 300 mil SOJ (TC554l7J) 

IBLOCK DIAGRAt11 

CE-----, 

AS o--l--[X::!j 
A 7 O-+-[x::!j 
A8 O--+-D:":::t:I 
A 9 o--+-D:":::t:I 

AIO o--+-D:":::t:I 
All 0-+«:::0 
A12 o-+{;t:::!j 

A13 o-+~:::O 

Val o-r---P:::--~ 
V02 0-i1---£;H---' 
V03O-~--~+-~ 

V040-+HH-~~-+~ 

MEMORY 
CELL ARRAY 

(256X64X4) 

--<lVDD 

--<lOND 

CE6-_~~~~~~~~~~~~~~~~~~~JJ 
WE 
OEo-+H 

'-------<:1>-- CE 
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TC55417P/J-20, TC55417P/J-25, 
TC55417PI J-35 

NAxmUM RATINGS 

SYMBOL ITEM 

VDD Power Supply Voltage 
VIN Input Voltage 

VOUT au tpu t Voltage 
PD Power Dissipation 

Tsolder Soldering Temperature' Time 
Tstg Storage Temperature 

Topr Operating Temperature 

D.C. REcor~MENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

I -20 
VDD Power Supply Voltage I -25, 
VIH Input High Voltage 
VIL Input Low Voltage 

RATING UNIT 

-0.3 '" 7 • 0 V 

-2.0 "'7.0 V 

-0.5 '" VDD+O • 5 V 

650 mW 

260 • 10 °C'sec 

-65 '" 150 °c 

0", 70 °c 

MIN. TYP. MAX. UNIT 
4.75 5.0 5.25 

-35 4.5 5.0 5.S 
VDD+O·3 

V 
2.2 -

-0.3 - 0.8 

D.C. and OPERATING CHARACTERISTICS (Ta=O'" 70°C, -20: VDD=5V±5% -25, -35: VDD=5V±10%) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O '" VDD - - ±1.0 lJA 

IOH Output High Current VOH=2.4V -4 - - mA 

IOL Output Low Current VOL =0 .4V 8 - - mA 

110 Output Leakage Current 
CE=VIH or WE=VIL - - ±1.0 lJ A 
VOUT=O '" VDD 

tcycle=Min ,:ycle VDD=5.25V -20 - - 120 

IDDO Operating Current CE=VIL -25 - - 120 mA 

Other Input=VIH/VIL 
VDD=5.5V 

100 -35 - -
tcycle=Min cycle VDD=5.25V -20 

I nDSl CE=V IH -25 - - 20 
Standby Current Other Input=VIH/VIL 

VDD=5.5V t---
mA -35 

IDDS2 
CE=VDD-0.2V - - 1 Other Input=VDD-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 
SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VnrGND 7 pF 

COUT Output Capacitance VOUT=GND 9 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC55417 PI J-20, TC55417 PI J-25, 
TC55417 PI J-35 

A.C. CHARACTERISTICS (Ta=0~70°C, -20: VDD=5V±5% -25, -35: VDn=5V±10%) 

Read Cycle 

TC55417P/J-20 TC55417P!J-Z5 TC55417P/J-35 
SYMBOL PARAMETER 

tRC Read Cycle Time 

tAcc Address Access Time 

tco Chip Enable Access Time 

tOE Output Enable to Output Valid 

tCOE Chip Enable to Output in Low-Z 

tCOD Chip Enable to Output in High-Z 

tOEE Output Enable to Output in Low-Z 

t ODO Output ·Enable to Output in High-Z 

tOH Output Data Hold Time 

l.Jrite Cycle 

SYHBOL PARAMETER 

tl.JC /Write Cycle Time 

tkrp l.Jrite Pulse l,Jid th 

tCI') Chip Enable to End of Write 

tAS Address Set Up Time 

twa Write Recovery Time 

tonw 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 O.OV, 3.0V 

Input Rise and Fall Time 5ns 

Input and Output Timing 0.8V, Z.OV 
Reference Levels 
Output Load See Fig. 1 

MIN. MAX. 

20 -
- 20 

- 20 

- 12 

0 -
- 10 

0 -
- 8 

5 -

TC554l7P/J-20 

MIN. HAX. 

20 -
16 -
18 -

0 -
0 -

- 8 

0 -
11 -

0 -

MIN. MAX. MIN. MAX. 

25 - 35 -
- 25 - 35 

- 25 - 35 

- 15 - 20 

0 - 0 -

- 15 - 15 

0 - 0 -
- 10 - 15 

5 - 5 -

TC55417P/J-25 TC554l7P/J-35 

MIN. MAX. MIN. HAX. 

25 - 35 -
20 - 30 -
20 - 30 -

0 - 0 -
0 - 0 -

- 10 - 15 

0 - 0 -
12 - 15 -

0 - 0 -

Vnn 

c:: 
o 
rl 
III 

I/O PIN o--~---+ 

Fig.l 

c:: 
o 
o 
to 

OUTPUT LOAD 

Note: In all condition, tCOD max is less than tCOE min both for a given· device and 
from device to device. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 

TIf.lING I1AVEFORt·1S 

READ CYCLE (1) 

ADDRESS 

DOUT ----======~ 

WRITE CYCLE 1 (WE Controlled Write) 
twc 

ADDRESS ___ -' "l'---------------------of""-----

DATA IN 

WRITE CYCLE 2 (CE Controlled Write) 

Note: l. 
2. 

3. 

4. 

twc 
ADDRESS 

tcw 

__ ~==:::±:::j~~~88~~H~IG~H~I~MP~E~D~A~N~CE~-1_+_------------DOUT 
too tDH 

DATA IN STABLE 

tiE is High for Read cycle. 
Assuming that CE Low transition occurs coincident with or after WE Low 
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 

• Plastic DIP 

29.8 ±O.2 

- I 

O.93TYP ~ 

1.4±O.l 

TC55417P/.I-28, TC55417P/J-25, 
TC55417 PI J-35 

-;;;-r 
o 

In -H 
o '" 

.,. 

Unit in IIDIl 

~ote: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mrn. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417 PI J-35 

OUTLINE DRAWINGS 

• Plastic SOJ 

15.9 ±O.2 

---1$10.18 ~I 

Unit in mm 

If) 

-0 
00 +, 
~ 

Note: Package \{idth and length do not include mold protrusion, allowable 

mold protrusion is O.ISmm. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC55416P-15H, TC55416P-20H 

IDESCRIPTIONI 

The TC554l6P/J 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 15rts/20ns and maximum operating current of 
l20mA/lOOmA at minimum cycle time. 
The TC554l6P/J also features an automatic stand-by mode. When deselected by Chip Enable 
(CE), the operating current is reduced to lmA. 
The TC554l6P/J is suitable for use in cache memory and high speed storage, where high 
speed/high density are required. 
The TC554l6P/J is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 
with 0.3 inch width for high density assembly. 
The TC554l6P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and' high reliability. 

IFEATURES I 
Fast access time: 
TC554l6P -15H 15 ns (MAX.) 
TC554l6P -20H 20ns(MAX.) 

• Low power dissipation: 
Operation TC554l6P -1511 lZOmA{MAX.) 

TC554l6P -2011 lOOmA(MAX.) 
Standby lmA(MAX.) 

IPIN CONNECTION I 
TC554l6P 

A8 1 22 VDD 

A7 2 21 A9 
A6 :3 2D AlD 
A5 4 19 All 

5 18 A12 

Al:3 
A2 VOl 
Al 1/02 

AO VO:3 
CE V04 

GND WE 

(DIP) 

I P IN NAt,IES I 
AO '" Al3 Address Inputs 
1/01'" 1/04 Data Input/Output 

CE Chip Enable Input 
WE Write Enable Input 
VDD Power (+5V) 
GND Ground 
N.C. No Connection 

• 5V single power supply : 5V±lO% 
• Fully static operation 
• Directly TTL compatible: 

All Input and Output 
• Package: 

22 pin plastic 300mil DIP (TC55416P) 

IBLOCK DIAGRAM I 
CE----, 

A6 o--H:L::tJ 
A 7 o-~...--t-t 

A8 n--W'-.--t-t 

A9 o-+r::E:t1 
AID o---H::r-H 

All o--+t:.--H 
A12o-+r:=H 
Al:3 o-+t=H 

1/01 o-..----I>---l 

V02 o--h---!>-I-P111 

MEMORY 

CELL ARRAY 

(256X64X4) 

1/03 Ln-MFr~~~~ 

V04o-++~~-+~~ 

AD Al A2 A3 A4 A5 

---OGND 
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TC55416P.15H, TC55416P.20H 

~lAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VOUT Output Voltage -0.5-VDo+°·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. RECOHMENDED 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 
VIL Input Low Voltage -0.3 - 0.8 

D C and OPERATING CHARACTERISTICS (Ta=0-70·C, VDD=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIWO-VDD - - ±1.0 IlA 

IOH Output High Current VOH=2.4V -4 - - rnA 

IOL Output Low Current VOL=0.4V 8 - - rnA 

Ito Output Leakage Current CE=VIH or WE=VIL - - ±1.0 IlA 
VOUT=O-VDD 

VDD=5.5V t cyc1e=Min cycle -15H - - 120 
IDDO Operating Current CE"=VIL rnA 

Other Input=VIH/VIL -20H - - 100 

VDD=5.5V tcycle=Min cycle 

IDDSl CE=VIH - - 20 
Standby Current Other Input=VIH/VIL rnA 

IDDS2 
CE=VDD-O.2V - - 1 
Other Input=VDD-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 
SYMBOL PARAHETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 5 pF 

COUT Output Capacitance VOUr=GND 7 pF 

Note: This parameter periodically sampled is not 100% tested. 
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TC55418P-15H, TC55416p..20H 

A.C. CHARACTERISTICS (Ta=0-70·C. VDD=5V±lO%) 

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 

tCOD Chip Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tew ehip Enable to End of Write 

tAS Address Set Up Time 

twa Write Recovery Time 

tODW WE to Output High-Z 

tom WE to Output Low-Z 

tns Data Set Up Time 

tDH Data Hold Time 

A.C. TEST CONDITIONS 

Itput Pulse Levels O.OV. 3.0V 

Input Rise and Fall Time 3ns 
Input and Output Timing {). 8V , 2.0V 
Reference Levels 

Output Load See Fig.l 

TC55416P 
MIN. 

15 

-
-

0 

-
5 

TC55416P 

MIN. 

15 

12 

12 

0 

0 

-
0 

9 

0 

-ISH 
MAX. 

-
15 

15 

-
10 

-

-15H 

MAX. 

-
-
-
-
-

-
-
-

8 

c:: 
c:::> 
co ..... 

I/O PIN 0--..--4 

TC55416P -20H 
MIN. HAX. 

20 -
- 20 

- 20 

0 -
- 10 

5 -

TC55416P -20H 

MIN. HAX. 

20 -
13 -
13 -
0 -
0 -

- 8 

0 -
10 -
0 -

Fig.l 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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TC55416P-15H, TC55416P-20H 

TIMING WAVEFORMS 
READ CYCLE(l) 

ADDRESS 

CE 

WRITE CYCLE 1 (WE Controlled Write) 

ADDRESS 

DOUT 

twc 

tcw 

HIGH IMPEDANCE 

tDS 

DIN 1"-_D_A_T_A_IN ____ -"r '-___ _ 

WRITE CYCLE 2 (CE Controlled t~rite) 
twc 

ADDRESS 

tcw 

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 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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OUTLINE DRAWINGS 

• Plastic DIP 

29.8±O.2 

1.4±0.1 
I , 

O.93ITP ~ 

TC55416p..15H, TC55416p..20H 

o 
+l 

'" II o.s±-o.1-
1
-

1
---1.M

1 
I I .e-. 0.25 ~. 

Unit in mm 

~ote: Package width and length do not include mold protrusion, allowable 

cold protrusion is 0.15mm. 
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TC55416P-15H, TC55416P-20H 
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TOSHIBA MOS MEMORY PRODUCTS 
TC55417 PI J-15H, TC55417 PI J-20H 

IDESCRIPTIONI 

The TC554l7P/J 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 l5ns/20ns and maximum operating current of 
lLOmA/lOOmA at minimum cycle time. The TC554l7P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(CE), the operating current is reduced 
to lmA. The TC554l7P/J is suitable for use in cache memory and high speed storage. 
where high speed/high density are required. The TC554l7P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic 80J, with 0.3 inch width for high density 
assembly. The TC554l7P/J is fabricated with ion implanted CMOS silicon gate MOS tech
nology for high performance and high reliability. 

I FEATURES I 
• Fast access time: 

TC554l7P/J-1511 l5ns(MAX.) 
TC554l7P/J-2011 20ns(MAX.) 

• Low power dissipation: 
Operation TC554l7P/J-15H l20mA(MAX.) 

TC554l7P/ J-2011 100mA(MAX.) 
Standby lmA(MAX.) 

5V single power supply : 5V±10% 

IpIN CONNECTION I 
( TC55417P) (TC55417J) 

AS 1 24 D AS 1 
A7 2 23 A9 A7 2 
AS :3 22 AIO AS :3 
A5 4 ~ 21 All A5 4. ~ 
A4. 5 1<1 20 A12 A45 

1'1 .... .... 
A:3 S ;.- 19 A1:3 A:3 6 ;.-

A2 7 p., 18 N.C. A27 
1/01 

p., 
A1 8 0 17 A1 8 0 

AO 9 ~ 1/02 AO 9 
~ 

CE 10 1/0:3 CE 10 
U]! II 1/04 0 11 

OND 12 13 OND 12 

( DIP) ( SoJ) 

IPIN NAHEsi 
AO '\, A13 Address Inputs 

1/01 '\, 1/04 Data Input/Output 
CE Chip Enable Input 
WE Write Enable Input 
DE Output Enable In~ut 
VDD Power (+5V) 
GND Cround 
N.C. No Connection 

• Fully static operation 
• Directly TTL compatible: 

All Input and Output 
• Output buffer control: DE 
• Package: 

24 Pin plastic 300 mil DIP (TC554l7P) 
24 Pin plastic 300 mil SOJ (TC55417J) 

IBLOCK DIAGRAHi 

CE-----.. 

AS o-+Rt:t:l 
A7o--HCCO 

ASo-+l~t:l 

A9 o-+lC<ctl 
AIO O--HCCO 
All o--HC:CO 
A12o--HCCO 

A13 o-+lC<ctl 

MEMORY 

CELL ARRAY 

(25SX64X4) 

1/01 ~r---i:C---' 
1/02 o-h--~I--lil 

1/03 o-~-~t-I-'I 

1/04 ~4+~RR++h 

--OVDD 

--oOND 

CE~~~~~~~~~~~~W 
WE 
OEo---I-Hl 

L....----<:D--. CE 
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TC55417P/J-15H, TC55417P/J-20H 

t1AXlf4UM RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3 'V 7.0 V 
VIN Input Voltage -2.0'V7.0 V 

VOUT Output Voltage -0.5 'V VDD+O. 5 V 
PD Power Dissipation 650 mW 

Tsolder Soldering Temperature • Time 260 ·10 °C·sec 
Tstg Storage Temperature -65 'V 150 °c 

Topr Operating Temperature o 'V 70 °c 

D.C. RECOMMENDED OPERATING COND ITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 
VIH VDD+O·3 

V 
Input High Voltage 2.2 -

VIL Input Low Voltage -0.3 - 0.8 

D.C. and OPERATING CHARACTERISTICS (Ta=O'V 70°C, VDO=5V±10%) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O 'V Vnn - - ±1.0 lJA 

IOH Output High Current VOH=2.4V -4 - - rnA 

IOL Output Low Current VOL=0.4V 8 - - rnA 

110 Output Leakage Current 
CE=VIH or WE=VIL 

±1.0 lJA VOUT=O 'V VOO 
- -

VDn=5.5V tcycle=Min cycle -15H - - 120 
InDO Operating Current CE=VIL rnA 

Other Input=VIH/VIL -20H - - 100 

Voo=5.5V tcycle=Min cycle 
I ODSI CE=VIH - - 20 

Standby Current Other Input=VIH/VIL rnA 

IOOS2 
CE=VOO-0.2V - - 1 Other Input=VOO-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 
SYMBOL PARAHETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 5 pF 

COUT Output Capacitance VOUT=GND 7 pF 
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TC55417P/J-15H, TC55417P/J-20H 

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 

tOE Output Enable to Output Valid 

tCOE Chip Enable to Output in Low-Z 

tCOD Chip Enable to Output in High-Z 

tOEE Output Enable to Output in Low-Z 

t ODO Output Enable to Output in Righ-Z 

tOR Output Data Rold Time 

Write Cycle 

SYMBOL PARAMETER 

t\.JC \.Jrite Cycle Time 

twp Write Pulse Width 

tCH Chip Enable to End of Write 

tAS Address Set Up Time 

tHR l.Jrite Recovery Time 

tODW ~ to Output Righ-Z 

tOEW WE to Output Low-Z 

tDS Data Set Up Time 

tDR Data Hold Time 

A.C. TEST CONDITIONS 

Input Pulse Levels o.av, 3.0V 

Input Rise and Fall Time 3ns 

Input and Output Timing a.av, 2.0V 
Reference Levels 
Output Load See Fig. 1 

TC554l1P/ H5H TC55417P/J-20H 
MIN. MAX. MIN. MAX. 

15 - 20 -
- 15 - 20 

- 15 - 20 

- 9 - 10 

0 - 0 -
- 10 - 10 

0 - 0 -
- 8 - 8 

5 - 5 -

TC55417P/ H5H TC55417P/HOH 
MIN. MAX. MIN. MAX. 

15 - 20 -
12 - 13 -
12 - 13 -

0 - 0 -
0 - a -

- 8 - 8 

0 - a -
9 - 10 -
a - 0 -

VDD 

Va PIN o-----1r---t 

Fig.1 OUTPUT LOAD 

Note: In all- condition, tCOD max is less than tCOE min both for a given device and 
from device to device. 
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TC55417P/J-15H, TC55417P/J-20H 

TUlING HAVEFORNS 

READ CYCLE (1) 

ADDRESS ____ ..I" ~---------------r-'!-----------
tACC 

DOUT ----=======~~ '1'----------'1" ><X:>i:»-------

WRITE CYCLE 1 (WE Controlled Write) 
twc 

ADDRESS ___ -' -t~-------------------f"-----

DATA IN STABLE 

WRITE CYCLE 2 (CE Controlled Write) 

Note: 1. 
2. 

3. 

4. 

WC I 

ADDRESS X 
tAS tWR J , tcw 

~" " " " " " \. " ~ r\." " " " \. ~ 
twp 

/,~///////~ 

~///////.I': VI[ ~ \.'\."""""" """" \. ~ tODO 

DOUT 

tCOE 
HIGH IMPEDANCE 

~ 
tDS ~ 

~ DATA IN STABLE 

liE is High for Read cycle. 
Assuming that CE Low transition occurs coincident with or after WE Low 
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. 

- F-60 -



OUTLINE DRAHINGS 

• Plastic DIP 

TC55417P/J-15H,TC55417P/.fo20H 

Unit in 111m 

. 
U2 

[::::::::::1] ~~J, 
I. , 0.9 5 ± 0.1 

27.2±O.2 

II I 

O.9ryp. I 

11 

M 
ci 
-H 

---'-~ 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 
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TC55417P/J-15H, TC55417P/J-20H 

OUTLINE DRAWINGS 

• Plastic SOJ 

.. .. 
Q c:i 
-H -H .... .... 
t-= c:ci 

lhIHInIInlInlI.-.,J[,-,J illl 
--14-0---1$10.18 @I 

Unit in mm 

III 
_0 
de 
+, 
'" .,; 

'" .,; 
-H 
coo 
..,; 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

IDESCRIPTIONI 

TC55464P/J-20, TC55464P/J-25 
TC55464P/ J-35 

The TC55464P/J is a 262,144 bits high speed static random access memory organized as 
65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba's CMOS technology and advanced circuit form provides high speed feature. 
The TC55464P/J has low power feature with device control using Chip Enable (CE). 
Also the device power at memory access is reduced by automatic power down circuit form. 
The TC55464P/J is suitable for use in cache memory where high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 
The TC55464P/J is moulded in 24 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

IFEATURESI 

• Fast access time: 
TC55464P/J-20 
TC55464P/J-25 
TC55464P/J-35 

Low power dissipation 
Operation: TC55464P/J-20 

TC55464P/J-25 
TC55464P/J-35 

Standby 

IPIN CONNECTIONI 

20ns(MAX.) 
25ns(HAX.) 
35ns(MAX.) 

l20rnA(MAX.) 
120rnA (MAX.) 
100rnA(MAX.) 

lrnA(MAX. ) 

TC55464P TCS5464J 
A8 vDD A8 vDD 
A7 AIS A7 AI5 
A6 Al4 A6 AI4 
AS Al3 A5 AI3 
A4 A12 A4 A12 
A3 All A3 A I J 

A2 AIO A2 AIO 
Al I/DI Al I/O 1 
AD I/O 2 AO I/O 2 
A9 V03 A9 1/03 
CE V04 CE 1/04 

GND '\\1: GND ViE 

IPIN NAMESI 

AO 'V Al5 Address Inputs 

I/Ol 'V 1/04 Data Inputs/Outputs 

CE Chip Enable Input 

WE Hrite Enable Input 

VDD Power (+5V) 

GND Ground 

SV single power supply: 5V±lO% 
• Fully static operation 

All Inputs and Outputs: TTL compatible. 
• Package: 

24 pin plastic 300 mil DIP: TC55464P 
24 pin plastic 300 mil SOJ: TC55464J 

IBLOCK DIAGRAMI 

CIl MEMORY CELL 
---0 VDD "'''' ARRAY 

~t.:: 

:r:a~ :; 
256x2S6x4 --0 GND o Q=> :) 

"'<'" '" ( 2 6 2.1 4 4 ) 
AS 

I/Dl f.o f.o 

1. 
=> ::> 

"" "-
is", .... 

OJ g~ 
<"-
1-0"- <"-
<::> g~ "'''' 

A7~AO 
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TC554&4P/J-20, TC55464P/J-25 
TC55464P/ J-35 

11·1AXI~1UM RATINGS! 

SYMBOL ITEM 

VDD Power Supply Voltage 
VIN Input Voltage 

VI/O Input/Output Voltage 
PD Power Dissipation 

Tsolder Soldering Temperature. Time 
Tstrg Storage Temperature 

Topr Operating Temperature 

I DC RECOMMENDED OPERATING CONDITIONS I (Ta=O'" 70DC) 

SYMBOL PARAMETER 

VDD Power Supply Voltage 
VIH Input High Voltage 

VIL Input Low Voltage 

RATING 
-0.3'" 7.0 

':'2.0'" 7.0 

-0.5", VDD+O. 5 

1.0 
260·10 
-65", 150 

0'" 70 

MIN. TYP. 

4.5 5.0 

2.2 -
-0.3 -

I DC and OPERATING CHARACTERISTICS! (Ta=O'" 70°C VDD=5V+lO%) , -
SYMBOL PARAMETER TEST CONDITION MIN. 

IlL Input Leakage Current VIN=O", VDD -
IOH Output High Current VOH=2.4V -4 

IOL Output Low Current VOL=0.4V 8 

ho Output Leakage Current CE=VIH or WE=VIL -VOUT=O", VDD 
VDD=5.5V, tcycle=MIN cycle -20 -

IDDO Operating Current CE=VIL -25 -
Other Input=VIH/VIL -35 -
VDD"'S.SV, tcyc1e-MIN cycle 

IDDS1 CE=VIH -
Standby Current Other Input=VIH/VIL 

IDDS2 CE=VDD-0.2V -
Other Input=VDD-0.2V or 0.2V 

ICAPACITANCE! (Ta=25DC f=l OMHz) , 
SYMBOL PARAHETER TEST CONDITION 

CIN Input Capacitance VIN=GND 

COUT Output Capacitance VOUT=GND 

NOTE: This parameter periodically sampled is not 100% tested. 
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UNIT 
V 

V 
V 

W 
DC • sec 

°c 

°c 

MAX. UNIT 

5.5 V 

VDD+0.3 V 

0.8 V 

TYP. MAX. UNIT 
- ±1 )JA 

- - mA 

- - mA 

- ±1 )JA 

- 120 

- 120 mA 

- 100 

- 20 
mA 

- 1 

MAX. UNIT 

6 pF 

8 pF 



TC55464P/d-28, TC55464P/d~25 
TC55464P/ .1-35 

lAC CHARACTERISTICsi 
READ CYCLE 

(Ta=O'V 70°C. VDD=5V±107.) 

TC55464P/J-20 TC55464P/J-25 TC55464P/J-35 
SYMBOL PARA.t-1ETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 
tRe Read Cycle Time 20 - 25 - 35 -
t ACC Address Access Time - 20 - 25 - 35 
tco CE Access Time - 20 - 25 - 35 

tOR 
Output Data Hold Time from Address 5 - 5 - 5 - ns Change 

tCOE Output Enable Time from CE 5 - 5 - 5 -
tCOD Output Disable Time from CE - 10 - 10 - 15 
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tPD 

Chip Deselection to Power Down 
20 25 - 35 - -Time 

WRITE CYCLE 

SYMBOL PARAMETER TC55464P/J-20 TC55464P/J-25 TC55464P/J-35 
UNIT 

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

twc Write Cycle Time 20 - 25 - 35 -
tcw Chip Enable to End of Write 13 - 15 - 20 -
tAS Address Set Up Time 0 - 0 - 0 -
twp Write Pulse Width 13 - 15 - 20 -
tWR Write Recovery Time 0 - 0 - 0 - ns 

tDS Data Set Up Time 10 - 12 - 15 -
tDR Data Hold Time 0 - 0 - 0 -
tOEW Output Enable Time from WE 0 - 0 - 0 -
tODW Output Disable Time from WE - 8 - 10 - 15 

Fig. 1 

lAC TEST CONDITIONSi 5V 5V 

Input Pulse Levels 3.0V/0.OV 

Input Pulse Rise and 
3ns Fall Times 

Timing Measurement 2.0V /0.8V Reference Levels 

Output Load Fig.1 

480.0. 

2550 
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4800 

2550 

(For t COE ' t COD ' tOEW 

and tODW) 



TC55484P/J-20, TC55464P/J-25 
TC55464P I J-35 

ITIMING WAVEFORMS I 

READ CYCLE (1) 

ADDRESSES 

teo 

teOE(4) 

High Impedance 
OUTPUT DATA VALID 

UNKNOWN 

WRITE CYCLE 1 (WE Controlled t~rite) 

twe 

ADDRESSES 

DOUT 

DIN 
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WRITE CYCLE 2 (CE Controlled Write) 

DOUT 

TC55464P/J-20, TC55464PI J-25 
TC55464PI J-35 

Hi gh Impedance 

UNKNOWN 
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tDS 

DATA IN 
STABLE 



TC55464PI J-20, TC55464PI J-25 
TC55464PI J-35 

Note: 1. w~ is High for Read Cycle. 

CE 

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 to WE 

High transition, Outputs remain in a high impedance state. 

4. These parameters are specified as follows and measured by using the load 

shown in Fig. l. 

(A) t COE ' tOEW ............. Output Enable Time 

(B) tCOD, tODW .......... Output Disable Time 

High Impedance 
OUTPUT DATA VALID 

High Impedance 

'------!--t o.ZV 
UNKNOWN 
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I OUTLINE DRAWINGSI 

Plastic DIP 

24 13 

£:::::::::]1] 
12 

298±0.2 

. l.Z±OJ 

z 

0.95 TYP. 

TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 

UNIT: = 

\ ~ 
I 

.-- "-- ! 0 

00 '" -0 
00 
+. 
'" ......., .- N 
0 

-:i 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15=. 
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TC55464P I J-20, TC55464P I J-25 
TC55464P I J-35 

OUTLINE DRAWINGS 

Plastic SOJ (SOJ24-P-300) 

JS.9±0.12 

24 13 

N 
c.. NO 
>- 00 
,.. + I ... ..,. 

t...: a:3 

OA3±0.1 101 0.18 ~ I 

UNIT: mm 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY P'RODUCTS 

/DESCRIPTIONI 

TC55465PI J-20, TC55465PI J-25 
TC55465PI J-35 

The TC55465P/J is a 262,144 bits high speed static random access memory organized as 
65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
~oshiba's CMOS technology and advanced circuit form provides high speed feature. 
The TC55465P/J has low power feature with device control using Chip Enable (CE), and has 
Output Enable Input (OE) for fast memory access. Also the device power at memory access 
is reduced by automatic power down circuit form. 
The TC55465P/J is suitable for use in cache memory where high speed is required, and 
high speed storage. All Inputs and Outputs are directly TTL compatible. 
The TC55465P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

I FEATURESI 

• Fast access time: 
TC55465P/J-20 
TC55465P/J-25 
TC55465P/J-35 

Low power dissipation 
Operation: TC55465P/J-20 

TC55465P/J-2S 
TCS5465P/J-35 

Standby 

IPIN CONNECTION I 

N.C. Voo N.C. 
AI5 AI4 AI5 

A8 Al3 A8 
A7 A9 A7 
A6 AID A6 
AS All A5 
A4 AI2 A4 
A3 !'.C. A3 
A2 N.C. A2 
Al I/O I Al 
AO 1/02 AO 
EE 1/03 CE 
5E I/04 6E 

GND WE GND 

20ns(MAX. ) 
25ns(MAX. ) 
35ns(MAX.) 

120mA(MAX.) 
120mA(MAX.) 
100mA(MAX.) 

lmA(MAX. ) 

VOD 
Al4 
AI3 
A9 
AID 
All 
AI2 
N.C. 
N.C. 
I/Ol 
I/O 2 
1/t)3 
!/04 

(DIP) (sOJ ) 

! PIN NAMES! 

AO 'V Al5 Address Inputs 
1/01 'V 1/04 Data Inputs/Outputs 

CE Chip Enable Input 
WE ~Tite Enable Input 
OE Output Enable Input 
VDD Power (+5V) 
Gl'.'D Ground 
N.C. No Connection 

5V single power supply: 5V±10% 
Fully static operation 
All Inputs and Outputs; 

TTL comr:~tiblc. 

Output buffer control: OE 
Package; 

28 pin plastic 300 mil DIP: TC55465P 
28 pin plastic 300 mil 50J; TC55465J 

! BLOCK DIAGRAM I 

AIS 

( 

'~ o--t+r-i 

1/04 o-++t-rl 

~fEMORY CELL 
ARRAY 

A7 AO 

--oGND 
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T&55485P'.I-20, TC55465P'.I-25 
TC55465P'.I-35 

IMAxmUM RATINGS I 

SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

RATING 
-0.3"u 7.0 

-2.0"u7.0 

VI/O Input/Output Voltage -0.5"u VDD+0.5 
PD Power Dissipation 1.0 

Tsolder Soldering Temperature' Time 260 • 10 

Tstrg Storage Temperature -65"u 150 

Topr Operating Temperature O"u 70 

I DC RECOt1MENDED OPERATING CONDITIONS I (Ta=O"u 70·C) 

SYMBOL PARAMETER MIN. TYP. 

VDD Power Supply Voltage 4.5 5.0 
VIR Input High Voltage 2.2 -
VIL Input Low Voltage -0.3 -

I DC and OPERATING CHARACTERISTICS I (Ta=O"u 70·C VDD=5V+IOi.) , - . 
SYMBOL PARAMETER TEST CONDITION MIN. 
IlL Input Leakage Current VIN=O"u VDD -
lOR Output High Current VOR=2.4V -4 
IOL Output Low Current VOL=0.4V 8 

110 Output Leakage Current CE=VIH or OE=VIH -
or WE=VIL • VOUr0"uVDD 
VDD=5.5V. tcycle=MIN cycle -20 -

IDDO Operating Current CE=VIL -25 -
Other Input=VIR/VIL -35 -
VDD=5.5V, tcycle=MIN cycle 

IDDSI CE=VIR -
Standby Current Other Input=VIH/VIL 

IDDS2 CE=VDD-0.2V -
Other Input=VDD-0.2V or 0.2V 

iCAPACITANCEI (Ta=25·Cf=1 OMHZ) , . 

UNIT 
V 

V 

V 

W 
·C • sec 

·C 
·C 

MAX. UNIT 

5.5 V 

VDD+O·3 V 

0.8 V 

TYP. MAX. UNIT 

- :':1 lJA 

- - rnA 

- - rnA 

- :':1 lJA 

- 120 

- 120 rnA 

- 100 

- 20 
rnA 

- 1 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 
CIN Input Capacitance VIN=GND 6 pF 

COUT Output Capacitance VOUT=GND 8 pF 

NOTE: This parameter periodically sampled is not 100i. tested. 
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TC55415P/J .. 211, TC55415P/~"25 
TC55465 PI J .. 35 

lAC CHARACTERISTICSI (Ta=O'V 70·C. VDD=5V±10%) 

READ CYCLE 
TC55465P/J-20 

SYMBOL PARAMETER MIN. MAX. 

-tRC Read Cycle Time 20 -
tACC Address Access Time - 20 
tco CE Access Time - 20 
tOE OE Access Time - 10 

tOH 
Output Data Hold Time from Address 5 -Change 

tCOE Output Enable Time from cr 5 -
tCOD Output Disable Time from IT - 10 
tOEE Output Enable Time from OE 0 -
tODO Output Disable Time from QE - 8 
tpu Chip Selection to Power Up Time 0 -
tpD Chip Deselection to 

Time 
Power Down 20 -

WRITE CYCLE 

SYMBOL PA.'<AMETER TC55465P/J-20 
MIN. MAX. 

twc Write Cycle Time 20 -
tcw Chip Enable to End of Write l3 -
tAS Address Set Up Time 0 -
twp Write Pulse Width l3 -
tWR Write Recovery Time 0 -
tDS Data Set Up Time 10 -
tDH Da ta Hold Time 0 -
tOEW Output Enable Time from WE 0 -
toml Output Disable Time from WE - 8 

lAC TEST CONDITIONS I 
Fig. 1 

TC55465P/J-25 TC55465P/J-35 
MIN. MAX. MIN. MAX. 

UNIT 

25 - 35 -
- 25 - 35 
- 25 - 35 
- 12 - 15 

5 - 5 - ns 

5 - 5 -
- 10 - 15 

0 - 0 -
- 10 - 15 

0 - 0 -
- 25 - 35 

TC55465P/J-25 TC55465P/J-35 UNIT 
MIN. MAX. MIN. MAX. 

25 - 35 -
15 - 20 -

0 - 0 -
15 - 20 -

0 - 0 - ns 
12 - 15 -

0 - 0 -
0 - 0 -

- 10 - 15 

5V 5V 
Input Pulse Levels 3.0V/0.OV 
Input Pulse Rise and 

3ns Fall Times 

Timing Measurement 2.0V/0.8V 
Reference Levels 
Output Load Fig. 1 

4800 

l/Op iOn--1_-i 

2550 
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4800 

I/O p'oi_n-1'-_-+ 

CL=5 PF1 2550 

(For tCOE' tOEE' tCOD' 

tODO' tOEW and tong) 



TC55465P/J-20, TC55465P/J-25 
TC55465P/ J-35 

/TIMING WAVEFORHSI 

tACC 

teo 

tOE 

High Impedance 
I\)UT 

tRC 

: I 

UNKNOWN 

WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

DOUT 

gO" I 

to DO (5) 

OUTPUT DATA VALID 

UNKNOWN 

X DATA IN X 
STABLE 

---------' "F----~ '-------
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WRITE CYCLE 2 (4) (CE Controlled Write) 

ADDRESSES 

DoUT 

TC55485'1 J~20, TC55485PI J-25 
TC55485P 1 J-35 

twc 

tcw 

Hi gh Impedance 

UNKNOWN 
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tDS 

DATA IN 
STABLE 



TC55465P/ J-20, TC55485P/ J-25 
TC55465P/J-35 

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 to WE High 

transition. Outputs remain in a high impedance state. 

4. Assuming that BE is High for Write Cycle. Outputs are in a high impedance. 

state during this period. 

5. These parameters are specified as follows and measured by using the load 

shown in Fig. 1. 

DOUT 

(A) teOE' tOEE' tOEW 

(B) teOD' tODO' tODW 

Hi gh Inpedance 

UNKNOWN 

Output Enable Time 

Output Disable Time 

OUTPUT DATA VALID 
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!OUTLINE DRAl-lINGsl 

Plastic DIP 

TC55485,P I J-20, TC55485P I J-25 
TC55485PI J-35 

UNIT: mm 

[:::::::::::::~] ~~ 
14 

3 4.9± 0.2 

I _ 
I O.o±O.1 

-:i I :;;i ; 
¢0.25 '" 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TC55465 PI J-20, TC55465PI J-25 
TC55465PI J-35 

OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 

184 ± 0.12 

0.71±0.1 

UNIT: mm 

14 

I 
0.43±011c1?1 0.18 ~ I 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TOSHIBAMOS MEMORY PRODUCTS 

IDESCRIPTIONI 

TC55328P/J-20, TC55328P/J-25 
TC55328PI J-35 

The TC55328P / J is a 262,144 bit s high speed static random access memory organized as 
)2,768 words by 8 bits using CMOS technology, and operated from a single 5-volt supply • 
. Toshlba·s CMOS technology and advanced circuit form provides high speed feature. 
The TC55328P/J has low power feature with device control using Chip Enable (CE), and has 
Output Enable Input (OE) for fast memory access. Also the device power at memory access 
is reduced by automatic power down circuit form. 
The TC55328P/J is suitable for use in cache memory where high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 
The TC55328P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

I FEATURES I 
• Fast access time: 

TC55328P/J-20 
TC55328P!J-25 
TC55328P/J-35 

20ns(MAX. ) 
25ns(MAX.) 
35ns(MAX.) 

Low power dissipation 
Operation: TC55328P/J-20 

TC55328P/J-25 
TC55328P/ J-35 

120rnA(MAX.) 
12 0rnA (MAX. ) 
100rnA(HAX. ) 

Standby lrnA(HAX. ) 

I PH~ CONNECTION I 
TC55328P TC55328J 

AI4 vDD AI4 
vDD 

AI2 WE AI2 v,E 
A7 AI3 A7 AI3 
A6 AS A6 AS 
A5 A9 A5 A9 
A4 All A4 All 
A3 BE A3 BE 
AZ AID A2 AI D 
Al CE AI CE 
AO 1/08 AD 1/08 

I/O I I./07 VOl 1/tl7 
V02 I./06 I/tl2 I/D6 
1/03 I/tl5 V03 1/05 

GND 1/04 GND 1/D4 

(DIP) (SOJ) 

I PIN NAtlES I 
AO 'U Al4 Address Inputs 

1/01 'U 1/08 Data Inputs/Outputs 
CE Chip Enable Input 
WE Write Enable Input 
OE Output Enable Input 
VDD Power (+5V) 
GND Ground 

• 5V single power supply: 5V:!:10% 
• Fully static operation 

All Inputs and Outputs: 
TTL compatible. 

Output buffer control: or 
Package: 

28 pin plastic 300 mil DIP: TC55328P 
28 pin plastic 300 mil SOJ: TC55328J 

I BLOCK DIAGRAt11 

1= 

MEMORY CELL 
ARRAY 

256XI2SX8 
(262144) 

---0 VDD 

---0 GND 
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Te55328P 1.1-20, TC55328P 1.1-25 
TC55328P/.I-35 

I MAX ItlUt4 RATING S I 

SYHBOL IT EN 

VOO Power Supply Voltage 

V!N Input Voltage 

RATING 

-0.3",7.0 

-2.0"'7.0 

VI/O Input/Output Voltage -0.5", VDD+0.5 

Po Power Dissipation l.0 

Tsolder Soldering Temperature· Time 260 • 10 
Tstrg Storage Temperature -65'" 150 

Topr Operating Temperature 0'" 70 

I DC RECOMMENDED OPERATING CONDITIONS I (Ta=O", 70·C) 

SYMBOL PARAMETER MIN. TYP. 

VDO Power Supply Voltage 4.5 5.0 

VIR Input High Voltage 2.2 -
VIL Input Low Voltage -0.3 -

I DC and OPERATING CHARACTERISTICS I (Ta=O'" 70·C, VDD=5V+IO%) -
SYMBOL PARAMETER TEST CONDITION MIN. 
IIL Input Leakage Current VIN=O", VDD -
IOH Output High Current VOH=2.4V -4 

IOL Output Low Current VOL=0.4V 8 

ho Output Leakage Current CE=VIH or OE=VIH -or ill:=V IL' VOUT=O 'v VOD 
VDD=5.5V, tcycle=MIN cycle -20 -

IDDO Operating Current CE=VIL -25 -
Other Input=VIH/VIL -35 -
VDD=5.5V, tcycle=MIN cycle 

IDDSI CE=V IH -
Standby Current Other Input=VIH/VIL 

IDDS2 
CE=VDD-0.2V -
Other Input=VDD-0.2V or 0.2V 

ICAPACITANCE! (Ta=25·C f=l OMHz) , 

UNIT 

V 
V 

V 

W 

·C • sec 

·C 

·C 

HAX. UNIT 

5.5 V 

VDD+0.3 V 

0.8 V 

TYP. MAX. UNIT 

- ±l lJA 

- - rnA 

- - rnA 

- ±l llA 

- 120 

- 120 rnA 

- 100 

- 20 
rnA 

- 1 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 
CIN Input Capacitance Vn,=GND 6 pF 

CoUT Output Capacitance VOUT=GND 8 pF 

NOTE: This parameter periodically sampled is not 100% tested •. 
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TC55328P/J-20, TC55328P/J~25 
TC55328P/ J-35 

lAC CHARACTERISTICS! 
READ CYCLE 

(Ta=O'V 70°C. VDD=5V±10i.) 

SYMBOL PARM1ETER 

tRe- Read Cycle Time 
tACC Address Access Time 
tco CE Access Time 
tOE OE Access Time 

tOR Output Data Hold Time from Ad-
dress Change 

tCOE Output Enable Time from CE 

tCOD Output Disable Time from CE 
tOEE Output Enable Time from OE 
tODO Output Disable Time from OE 
tpu Chip Selection to Power Up Time 

tpD Chip Deselection to Power Down 
Time 

\''RITE CYCLE 

SYMBGL PARA!1ETER 

twc Write Cycle Time 
tcw Chip Enable to End of Write 
tAS Address Set Up Time 
t\,'P '.)rite Pulse lI'idth 
t\'l] Write Recovery Time 
tDS Da ta Set Up Time 
tDH Data Hold Time 
torn Output Enable Time from II'E 
tODW Output Disable Time from \,~ 

!AC TEST CONDITIONSI 

Input Pulse Levels 3.0V/0.OV 
Input Pulse Rise and 3ns Fall Times 

Timing Measurement 2.0V/0.8V Reference Levels 

Output Load Fig. 1 

TC55328P/J-20 TC55328P/J-25 TC55328P/J-35 
MIN. MAX. MIN. MAX. MIN. MAX. 

UNIT 

20 - 25 - 35 -
- 20 - 25 - 35 
- 20 - 25 - 35 
- 10 - 12 - 15 

5 - 5 - 5 - ns 

5 - 5 - 5 -
- 10 - 10 - 15 

0 - 0 - 0 -
- 8 - 10 - 15 

0 - 0 - 0 -
- 20 - 25 - 35 

TC55328P/J-20 TC55328P/J-25 TC55328P/J-35 UNIT 
MIN. MAX. !1IN. MAX. MIN. MAX. 

20 - 25 - 35 -
13 - 15 - 20 -

0 - 0 - 0 -
13 - 15 - 20 -

0 - 0 - 0 - ns 

10 - 12 - 15 -
0 - 0 - 0 -
0 - 0 - 0 -

- 8 - 10 - 15 

I Fig. I! 

5V 5V 

480.0 
I/t) pin 

CL=30pF I 255.0 
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480.0 
l./Opin 

CL=SPFI 
255.0 

(For t eOE ' tOEE' t eOD ' 

tODO. tOEW and tODW) 



Te55328'! J-20, TC55328'! J-25 
TCS5328'! J-35 

ImUNG WAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

High Impedance 

tOOO(S) 

OUTPUT DATA VALID 

UNKIDWN 

WRITE CYCLE 1 (4) (WE Controll ed Write) 

ADDRESSES 

DoUT (21 

UNKNOWN 

twc 

tDS 

DATA IN 
STABLE 

- F-82 -

UNKNOWN 

(3) 

UNKNOWN 



WRITE CYCLE 2 (4) (CE Controlled Write) 

TC55328PI J-20, TC55328PI J-25 
TC55328PI J-35 

twe 

ADDRESSES 

DooT 

UNKNOWN 

- F-83 -

tew 

IDS 

DATA IN 
STABLE 

High Irnpedanee 



TC55328'1 J-2Q, TC55328'I J-25 
TC55328'I J-35 

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 to WE 

High transition. Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the load 

shown in Fig. 1. 

(A) tCOE' tOEE' tOEW ......... Output Enable Time 

(B) tCOD' tODO' tODW ......... Output Disable Time 

Hi gh Impedance 
OUTPUT DATA VALID 

UNKNOWN 
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iOUTLINE DRAl-!INGSi 

Plastic DIP 

TC55328P/J-28, TC55328P/J-25 
TC55328P/ J-35 . 

UNIT: mm 

~:::::::::::::D 
14 

34.9±0.2 

-z Ln_ M 

0.94 TYP. o::G d 

~OQ2..5.!..Qr 0'lB.J H¢~O.~2 5~@ ~ 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.ISmm. 
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TC55328P/J-20, TC55328P/J-25 
TC55328P / J-35 

OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 

J 8.4±O.!2 

14 

O.7!±O.! 
z 

DD '" "l 
'" 0 
'" +I o ... -: 

M 

II O.43±O.l leDl 0.18 ~ I 

UNIT: mm 

~.~ 00 
+, 

N 
o 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 
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IDESCRIPTIONI 

TC55329P/J-20, TC55329P/J-25 
TC55329P / J-35 

The TC55329P/J is a 294,912 bits high speed static random access memory organized as 
32,768 words by 9 bits using CHOS technology, and operated from a single 5-volt supply. 
Toshiba's CMOS technology and advanced circuit form provides high speed feature. 
The·TC55329P/J has low power feature with device control using Chip Enable (eEl/CE2), and 
has Output Enable Input (OE) for fast memory access. Also the device power at memory 
access is reduced by automatic power down circuit form. 
The TC55329P/J is suitable for use in cache memory ~here high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 
The TC55329P/J is moulded in 32 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

!FEATURES/ 

• Fast access time: 
TC55329P/J-20 
TC55329P/J-25 
TC55329P/J-35 

• Low power dissipation 
Operation: TC55329P/J-20 

TC55329P/J-25 
TC55329P/J-35 

Standby 

IPIN CONNECTIONl 

20ns(MAX. ) 
25ns(MAX. ) 
35ns(MAX. ) 

l20mA(MAX. ) 
l20mA(HAX.) 
100mA(MAX.) 

lmA(MAX. ) 

TCSS329J 

N.C. Voo N.C. Von 
N.C. AI4 N.C. AI4 

AS CE2 AS CE2 
A7 Wi: A7 WE 
A6 AI3 AG AI3 
AS A9 AS A9 
A4 AIO A4 AI0 
A3 All A3 All 
A2 5E A2 OE 
Al AI2 Al AI2 
AO CEI AO m 

VOl 1/1)9 1/1)1 V09 
V02 Vas 1./02 vos 
V03 V07 1./03 V07 
1/04 VOG vt>4 VOG 
GND VOS GND 1./05 

/PIN NAt-lEsl 
AO '" Al4 Address Inputs 

1/01 '" 1/09 Data Inputs/Outputs 
CEl, CE2 Chip Enable Inputs 

WE Write Enable Input 
OE Output Enable Input 
VDD Power (+5V) 
GND Ground 
N.C. No Connection 

• 5V single power supply: 5V±10% 
• Fully static operation 

All Inputs and Outputs: TTL compatible 
• Output buffer control: OE 
• Package 

32 pin plastic 300 mil DIP: TC55329P 
32 pin plastic 300 mil SOJ: TC55329J 

[BLOCK DIAGRAHl 

AI4n-.... --, 

V09o-ittttHm 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/ J-35 

IMAXIMUM RATINGSI 

SYMBOL ITEM 

VDD Power Supply Voltage 
VIN Input Voltage 

VIIO Input/Output Voltage 

PD Power Dissipation 

Tso1der Soldering Temperature. Time 

Tstrg Storage Temperature 

Topr Operating Temperature 

I DC RECOMMENDED OPERATING CONDITIONS I (Ta=O'" 70°C) 

SYMBOL PARAMETER 

VDD Power Supply Voltage 

RATING UNIT 
-0.3'\,7.0 V 

-2.0'" 7.0 V 

-0.5'\, VDD+0.5 V 
1.0 W 

260' 10 °C· sec 
-65 '\, 150 °c 

0'" 70 °c 

MIN. TYP. MAX. UNIT 

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 

I DC and OPERATING CHARACTERISTICS I (Taz 0'V70°C VDD=5V+10%) , -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O'\, VDD - - :!:1 lJA 

IOH Output High Current VOH=2.4V -4 - - mA 

IOL Output Low Current VOL=0.4V 8 - - mA 

ILO Output Leakage Current CEl=VIH or CE2=VIL or O!=VIH - - :!:l lJA or ~"VIL, VOUT"O",VDD 
VDD=5.5V. tcycle=MIN cycle -20 - - 120 

IDDO Operating Current CEI=VIL and CE2=VIH -25 - - 120 mA 

Other Input=VIH/VIL -35 - - 100 
VDD=5.5V, tcyc1e=MIN cycle 

20 IDDS1 CE1=VIR or CE2=VIL - -
Standby Current Other Input=VIH/VIL mA 

IDDS2 
CE1=VDD-0.2V or CE2=0.2V - - 1 
Other Input=VDD-0.2V or 0.2V 

ICAPACITANCEI (Ta=25°C f=l OMHz) , . 
SYMBOL PARAMETER TEST CONDITION ' MAX. UNIT 

CIN Input Capacitance VIN=GND 6 {IF 
COUT Output Capacitance VOUT=GND 8 pF 

NOTE: This parameter periodically sampled is not 100% tested. 
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lAC CHARACTERISTICSI (Ta=0"v70·C. VDD=5V±10%) 

READ CYCLE 

SYMBOL P ARA!-lETER 

tRC Read Cycle Time 
tACC Address Access Time 
tCOl CEl Access Time 
tC02 CE2 Access Time 
tOE ITE Access Time 

tOH 
Output Data Hold Time from Address 
Change 

tCOE Output Enable Time from CEI or CE2 
tCOD Output Disable Time from CEI or CE2 
tOEE Output Enable Time from OE 
tODO Output Disable Time from OE 
tpu Chip Selection to Power Up Time 
tpD Chip Deselection to Power Down Time 

I-'RITE CYCLE 

SYMBOL P ARMlET ER 

twc Write Cycle Time 

tcw Chip Enable to End of \,rite 
tAS Address Set Up Time 
t\,,-p Write Pulse Width 
tWR Write Recovery Time 
tDS Data Set Up Time 
tDr-l Data Hold Time 
tOEW Output Enable Time from WE 
tODW Output Disable Time from WE 

TC55329P/J-28, TC55329P/J-25 
TC55329'/ J-35 

TC55329P/J-20 TC 55329P/J -25 TC55329P/J-35 
UNIT MIN. MAX. MIN. MAX. MIN. MAX. 

20 - 25 - 35 -
- 20 - 25 - 35 
- 20 - 25 - 35 
- 20 - 25 - 35 
- 10 - 12 - 15 

5 - 5 - 5 - ns 

5 - 5 - 5 -
- 10 - 10 - 15 

0 - 0 - 0 -
- 8 - 10 - 15 

0 - 0 - 0 -
- 20 - 25 - 35 

TC55329P/J -20 TC55329P/J-25 TC55329P/J - 35 
UNIT 

BIN. MAX NIN. HAX. MIN. MAX. 
20 I - 25 - 35 -
13 - 15 - 20 -

0 - 0 - 0 -
13 - 15 - 20 -

0 - 0 - 0 - ns 
10 - 12 - 15 -

0 - 0 - 0 -
0 - 0 - 0 -

- 8 - 10 - 15 

I Fig.l I 
lAC TEST CONDITIONS! 

Input Pulse Levels 3.0V/0.OV 
Input Pulse Rise and 
Fall Times 3ns 

Timing Measurement 

Reference Levels 
2.0V/O.3V 

Output Load Fig.l 

5" 5V 

480n 480!l 

I/Opin I/Opino-~_-+ 

255!l 

- F-89 -

255!l 

(For tCOE. tOEE. tCOD. 
tODO. tOEW and tODW) 



TC55321P' .... !8, TC55321P'.I-25 
TC5532tP'.I-35 

ITIMING WAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

CE2 

DOUT 

lv'RITE CYCLE 1 (4 ) 

ADDRESSES 

CE2 

DOUT 

DIN 

(WE Controlled Write) 

OUTPUT DATA VALID 

twc 

tOD 5 t EW(5) 

High Impedance 

- F-90 -



WRITE CYCLE 2 (4) (eEl Control1ed Write) 

ADDRESSES 

CE2 

TC5532IP/J-20, TC5532tP/J-25 
TC55321'/ J-35 

IWC 

ICW 

High Impedance 
DOUT 

UNKNO\\N ~ t,DH 

-----------..)1: ~~I~L~N }<----------

I<RITE CYCLE 3 (4) (CE2 Controlled Write) 

UNKNOWN 

- F-91 -

tns 

DATA IN 
STABLE 

,tDH 



TC55321'/J-20, TC55321'/J-25 
TC55329./ J-35 

NOTE: 1. WE is High for Read Cycle. 

WE,CE2 

DOUT 

2. Assuming that CEl Low transition or CE2 High transition occurs coincident 

with or after WE Low transition. Outputs remain in a high impedance state. 

3. Assuming that tEl High transition or CE2 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 aTe in a high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the load 

shown in Fig. l. 

(A) tCOE' tOEE' tOEW .... "" .. ",," " Output Enable Time 

(B) teOD' tODO' tODW " " . " " " " " " " " " Output Disable Time 

(B) 

High Impedance 
OUTPUT DATA VALID 

UNKNOWN 
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TCI532IPI J.28, TC5532IP/J-25 
TC55329P/J-35 ' . 

IOUTLINE DRAWINGS I 

Plastic DIP 

UNIT: mm 

o 
'" -

r::::: :::-:: ::: :]1] ~~~ 
1 16 

40.0±0.2 

N 
1~----------------------~1rd 

+I '" 
"1 .;:j 
'" on 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm • 

. - F-93 -



TC55329P/J-20, TC55329P/J-25 
TC55329P/ J-35 

IOUTLINE DRA~IINGSI 

Plastic SOJ 

20.9 6±0.1 2 

32 

0.71 ±O.l 

~ 
-H 

ru'"if-U:====+-~~ 
z 
::a 
If> 

'" "! 
o 

UNIT: mm 

~.-

If> 
-0 
00 
+1 

"'! 
o 

Note: Package width end length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 
THMS121620l-25,-35 

IDESCRIPTIONI 

The THMS121620Z is a 16,384 words by 12 bits static RAM module constructed on a 
double sided PC board using three TC55417J (16Kx4) static RAMs in SOJ packages. 
The THMS121620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed 
and high packing density are required. 
The THMS121620Z is available with access times as fast as 25ns and maximum power 
consumption of 1.95 watts. All the inputs and outputs of the THMS121620Z are 
TTL compatible and the module operates from a single 5-volt supply. 

IFEATURESI 

• Fast access time: 

THMS121620Z-25 
THMS121620Z-35 

25ns(MAX. ) 
35ns(MAX. ) 

Low power dissipation: 

Operation THMS121620Z-25 
THHS121620Z-35 

Standby 

360mA(HAX.) 
300mA(MAX. ) 

60mA (HAX.) 

SV single power supply of 5V±10% 

IPIN CONNECTI ON I 

(TOP VIEW) 
GND 

--, 
.1.; (J) 

DQI :D DQO (2 ) 

DQ3 2:1 
DQZ ~ ~l 
VDD 

(5 ) 
AO 1""-1 

( 6) 
(7 ) 

AZ jJ Al (8 ) 

A3 ( 9) 
A< Ct1 ( 10) 

AS ( 11) 

A6 J11 ( 12) 

Gr;D (13 ) 

m (J() 
DQ4 (15) 

DQ6 --, DQ5 (16) 
LU ( 17 ) 

WE I~} 
DQ7 18) 

(19) 

OE 
--, Gl'>D (20 ) 
V;..l 

CE 
( 2]) 

2~} 
( 22) 

DQ8 ( 23) 

{~ 
DQ9 ( "4) 

DQIO ( :.!5) 

~7J 
DQII 126 ) GND 27) 

Al2 [~ 
AI3 m

f iiJ 
All ( 30 

AIO ( 31 
A9 (32 

AS ~3J ( 33 
A7 ml VDD 3}] [:£6 )i.C. (36) 

N.C. m (37) 

39' ~]i N_C. (38) 

N.C. _oJ ~o GND lm 

- G-3 -

Fully static operation 

• Directly TTL compatible: All Input 
and Output 

Output buffer control: OE 

Package: 40 pin 500mil ZIP 

(PIN NAMESI 

AO"- Al3 Address Inputs 

DQO"- DQn Data Input/Output 

CE Chip Enable Input 

WE Write Enable Input 

OE Output Enable Input 

VnD Power (+5V) 

GND Ground 

N.C. No Connection 



TNMS121 620Z-25, -35 

I BLOCK DIAGRAM I 

Uni t in mm 

~ 1/01 
~ 

AO-AI3 DQO 

r-- I-----< IT 1/tl2 DQ1 

r-- c- f--< WE 1/03 DQ2 

I-----< OE 1/04 DQ3 

~~ 
~ AO-AI3 1/01 DQ4 

r- I-----< CE I/Q2 DQ5 

>- l- I----< WE 1/03 DQ6 

I----< OE 1/04 DQ7 

t-H1 
~ AO-Al3 I/O 1 --0 DQ8 

l- I---< CE 1/02 DQ9 

~ t- I---< WE 1,,03 DQIO 

I---< OE I/Q4 - DQ 11 

AO -A13 I .. j r-; .... 
CE 
WE 
OE 
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THMS121628Z-25, -35 

MAX mUM RATINGS 
SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3'" 7.0 V 
VIN Input Voltage -2.0",7.0 V 

VOUT Output Voltage -0.5", VDO+0.5 V 
PD Power Dissipation 1.95 tV 

Tsolder Soldering Temperature. Time 260 • 10 ·C.sec 

Tstg Storage Temperature -55", 125 ·C 

Topr Operating Temperature 0'" 70 ·C 

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

VDD Power Supply Voltage 4.5 5.0 5.5 
VIH Input High Voltage 2.2 - VDO+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 

DC and OPERATING CHARACTERISTICS (Ta=O'" 70·C. VDD=5V+10%) -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O", VDO - - ±3.0 lJA 

IOH Output High Current VOH=2.4V -4 - - mA 

IOL Output Low Current VOL=0.4V 8 - - mA 

lto Output Leakage Current 
CE=VIH or WE=VIL 

±1.0 lJA 
VOUT=O", VOD 

- -

tcycle=Min cycle -25 - - 360 

InDO Operating Current CE=VIL • VDD=5.5V mA 

Other Input=VIH!VIL -35 - - 300 

tcyc1e=Min cycle -25 
InDSl CE-VIH. VDD=S.5V - - - 60 

Standby Current Other Input=VIH!VIL -35 mA 

IDDS2 
CE=Vnn-0•2V - - 3 
Other Input=VnD-0.2V or 0.2V 

CAPACITANCE (Ta-2S·C) 
SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 23 pF 

COUT Output Capacitance VOUT-GND 13 pF 

Note: This parameter periodicallY sampled'is not 100% tested. 
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THMS121620Z-25,-35 

AC CHARACTERISTICS (Ta=O'\.. 70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL P ARAJ.'1ETER 

tRC Read Cycle Time 

tAce Address Access Time 
teo Chip Enable Access Time 

tOE Output Enable to Output Valid 

tCOE Chip Enable to Output in Low-Z 

tCOD Chip Enable to Output in High-Z 

tOEE Output Enable to Output in Low-Z 

tODO Output Enable to Output in Righ-Z 

tOR Output Data Hold Time 

I<rite Cvcle . 
SYHBOL PARAMETER 

twc Write Cycle Time 
twp \.]rite Pulse I<idth 

tew Chip Enable to End of Write 

tAS Address Set Up Time 
t,,'R I-irite Recovery Time 

tODW \']E to Output High-Z 

tOEW WE to Output Low-Z 

tDS Data Set Up Time 

tDH Data Hold Time 

AC TEST CONDITIONS 
Input Pulse Levels O.OV, 3.0V 
Input Rise and Fall Time 5ns 

Input and Output Timing 
O.8V, 2.0V Reference Levels 

Output Load See Fig. 1 

THMS12l620Z-25 THMS12l620Z-35 

MIN. MAX. MIN. MAX. 

25 - 35 -
- 25 - 35 

- 25 - 35 

- 15 - 20 

0 - 0 -
- 15 - 15 

0 - 0 -
- 10 - 15 

5 - 5 -

THHS12l620Z-25 THMSl21620Z-35 

HIN. MAX. HIN. HAX. 

25 - 35 -
20 - 30 -
20 - 30 -

0 - 0 -
0 - 0 -

- 10 - 15 

0 - 0 -
12 - 15 -

0 - 0 -

or. 

va PIN 0---,---+ 
g 

~I 
o 

'" 

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. 
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UNIT 

ns 

UNIT 

ns 



TlI1S121828Z-25,.31 

TIMING WAVEFORMS 

READ CYCLE (1) 

AO-AI3 

tACe 
teo 

tOE 

WRITE CYCLE 1 (WE Controlled Write) 
twc 

AO-AI3 

. tAs:.. twp ~t tWR ,I 

,,\"1: ., 
I 

tODW III~ 
HIGH IMPEDANCE ;---

tDS I 
DA. 'I'A IN 

WRITE CYCLE 2 (CE Controlled \~rite) twc ____ ~;I~==========================~t_-------
AO-A13 I 

~-----------------------------..~ 
tcw 

DQO-DQll (DaJT) 
HIGH IMPEDANCE 

Note: 1. 
2. 

3. 

4. 

-------'~ 
tDS tDH 

DA.TA IN STABLE X'-------
WE is High for Read cycle. 
Assuming that CE Low transition occurs coincident with or after WE Low 
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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THMS121620Z-25, -35 

IOUTLINE DRAWINGsl 

Unit in mm 

52.2MAX. 
B.B 9 MAX. 

1.27 

1.27 

Fron t Fa ce Back Face 
2.54 
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TOSHIBA MOS MEMORY P-R8DUCTS 
THMS161620Z-25,-35 

IOESCRIPTIONI 
The THMS16l620Z is a 16,384 words by 16 bits static RAM module constructed on a 
double sided PC board using four TC554l7J (16Kx4) static RAMs in SOJ packages. 
The THMS16l620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed and 
high packing density are required. 
The THMS16l620Z is available with access times as fast as 25ns and maximum power 
consumption of 2.6 watts. All the inputs and outputs of the THMS16l620Z are TTL 
compatible and the module operates from a single 5-volt supply. 

IFEATURESI 

• Fast access time: 

THMSl6l620Z-25 
THMS16l620Z-35 

25ns(MAX.) 
35ns(MAX. ) 

• Low power dissipation: 

Operation THHS161620Z-25 
THHS161620Z-35 

Standby 

480mA(~!AX. ) 
4 00mA (HAX. ) 

80mA(MAX. ) 

• Single po~ver supply of 5V:!:lO% 

I PIN CONNECTIONI 

(TOP VIm) 

GSD I} 
DQI i~ 
DQ3 ~} 

AO fJ 
A2 2J 
A4 

.H 

DQ' 

DQ6 

\\E 
OE 

DQ8 

DQIO 

GND 

AI2 

AIO 

A8 

VDD 
DQ 1 3 31'1 
DQ15 (~ 

DQO 

DQ2 

VD D 

AI 

A3 

AS 
GND 

DQ5 

DQ7 

GND 

C& 
DQ9 

DQII 

AI3 

All 

A9 

A7 

(3} DQl2 

[3]i Dill 4 

[.:0 GND 
L...-_--J 

(J) 
(~ ) 

~B 
( 5) 
(6 ) 
(7) 
( 81 
( 91 

(10) 
(II) 
u:n 
( 13) 
uo 
(J 5) 
(] 6) 
(J7) 
(I ~) 
(19 ) 
(20 ) 
(21) 
(22) 
(23) 

ml 
~m 
(28) 

m~ 
(3U 
(32) 
( 33) 
(34) 
( 35) 
(36) 
(37) 
(38) 
(39) 
(40) 
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• Fully static operation 

• Directly TTL compatible: All Input 
and Output 

• Output buffer control: OE 

• Package: 40 pin 500 mil ZIP 

i PIN NAMESI 

AD'" Al3 Address Input s 

DQO'" DQ15 Data Input/Output 

CE Chip Enable Input 

I,E Write Enable Input 

OE Output Enable Input 

VDD Power (+5V) --
GND Ground 



THMS161620Z-25, -35 

GRAMi ~ 

~ 
iBLOCK OlA AO-AI3 1/01 000 

r-- -c CE 1/02 001 

r--; f- f---< WE 1/03 DQ2 

f---< OE 1/04 003 

Prf 
~ AO-AI3 l/01 004 

l>- f---< CE 1/02 005 

>--r- -<: WE 1/03 006 

---c OE 1/1)4 007 

b~ 
~ .'1.0-.'1.13 1/01 008 

l>- f---< CE 1/02 009 

l>-t-- f---< lIE 1/03 DQIO 

---c OE 1/04 0011 

~~ 
~ .'1.0-.'1.13 1/01 0012 

I>- r----< CE I/o2 0013 

l>-t-- f---< \\E 1/03 00 14 

r----< OE 1/04 DQI5 

AO -A13 I >-II-

-
CE -

WE -

OE ~ 

GND 
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THMS181820Z-Z5, -35 

, " 
MAXIf-1UM RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Power Supply V,oltage -0.3"'7.0 V 

VIN Input Voltage -2.0",7.0 V 

VOUT Output Voltage _ -0.5",VDD+0.5 V 

PD Power Dissipation ,2.6 W 

Tsolder Soldering Temperature· Time 260· 10 'C~sec 

Tstg Storage Temperature -55'" 125 ·C 

Topr Operating Temperature 0'" 70 ·C 

DC RECOM~lENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 
VIH Input High Voltage 2.2 - VDD+0.3 V 

VIL Input Lot~ Voltage -0.3 - 0.8 

DC and OPERATING CHARACTERISTICS (Ta=O'" 70'C, VDD=5V±10%) 

SYNBOL PARAHETER TEST, CONDITION HIN. TYP. HA-X. UNIT 

IlL Input Leakage Current VIN=O", VDD - - ±4.0 lJA 

IOH Output High Current V Oli''' 2 .,,4 V -4 - - rnA 

IOL Output Low Current VOL=0.4V 8 - - rnA 

ho Output Leakage Current 
CE=V IH or \{E=V IL - - ~1.0 IJA 
VOUT=O", VDD 

tcycle=Min cycle -25 - - 480 
IDDO Operating Current CE=VIL. VDD=5.5V rnA 

Other Input=VIH/VIL -35 - - 400 

tcycle=Min cycle -25 
IDDS1 CE=VIH. VDD=5.5V - - 80 

Other Input=VIH/VIL -35 rnA 
Standby Current 

CE=VDD-0.2V 
IDDS2 - - 4 

Other Input=VDD-O.2V or O.2V 

CAPACITANCE (Taa 25°C) 

SYMBOL PARAMETER TEST CONDITION HAX. UNIT 

CIN Input Capacitance VIN=GND 28 pF 

COUT Output Capacitance VOUT=GND 13 pF 

Note: This parameter periodically sampled is not 100% tested. 
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THMS161620Z-25, -35 

AC CHARACTERISTICS (Ta=O-v 70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tco Chip Enable Access Time 

tOE Output Enable to Output Valid 

tCOE Chip Enable to Output in Low-Z 

tCOD Chip Enable to Output in High-Z 

tOEE Output Enable to Output in Low-Z 

tODO Output Enable to Output in High-Z 

tOH Output Data Hold Time 

,,'rite Cycle 

SY:-lBOL PARA.'1ETER 

th'C Write Cycle Time 

t\~P Write Pulse \~idth 

tCH Chip Enable to End of Write 

tAS Address Set Up Time 

th'R h'rite Recovery Time 

tODlJ \,E to Output High-Z 

tOE\J WE to Output Low-Z 

tDS Data Set Up Time 

tDR Data Hold Time 

AC TEST CONDITIONS 
Input Pulse Levels O.OV, 3 .. 0V 

Input Rise and Fall Time 5ns 

Input and Output Timing 0.8V, 2.0V Ref"erence Levels 

Output Load See Fig. 1 

THMS16l620Z-25 THMS16l620Z-35 

mN. HAX. MIN. HAX. 

25 - 35 -
- 25 - 35 

- 25 - 35 

- 15 - 20 

0 - 0 -
- 15 - 15 

0 - 0 -

- 10 - 15 

5 - 5 -

TH}!S16l620Z-25 THNS16l620Z-35 

NIN. wv:. mN. ~lAX. 

25 - I 35 -
20 - 30 -
20 - 30 -

0 - 0 -
0 - 0 -

- 10 - 15 

0 - 0 -
12 - 15 -

0 - 0 -

I/O PI]'\ O----,r---~ 

Fig.l 

c: 
o 
=> ,., 

OUTPl:T LOAD 

UNIT 

ns 

UNIT 

ns 

Note: In all condition, tCOD max is less than tCOE min both for a given device and 
from device to device. 

- G-12 -



THMS161620Z-25, -35 

nt,mlG \JAVEFOR~lS 

RE. .... D CYCLE (1) ;' ===========t=R=C==========:::;-1!~ _______ _ 

AO~~ ;;\S\'\\~,.;"'. 'A;~O ,y.$~mtW/#!'/'a 
I I 

OuTPUT DATA 

I-.'RITE CYCLE 1 (WE Controlled I:rite) 
twc 

1\0-AI3 

J)QO-DQ15 (DOUT) 
lOS I ~ ,,".(3) 

-------------------------~>I~: ==D=A:T.:~=I=N=S=T~A-B:LE~~><~-----------J)Q0-DQ15 (DIN) 

h'RITE CYCLE 2 (CE Controlled I~rite) 

AO-A13 __ ~~~' ___________________ ~~Xri ____ __ 
lAS i ~' 

tcl\' r---------------

I WI' 

OE //Z;'l/J'J111 
I COE I ........ -='-"-~ 

HIGH HIPEDANCE 
DQO-DQ15 (Don) 

DQO-DQ15 (DIN) 

tDS I ~ 
-------------------------~>i n.A,.TA IN STABLC:r<'-__________ _ 

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 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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THMS161620Z-25, -35 

jOUTLINE DRAWINGsl 

Unit in mm 

8.8 9 MAX. 

;.( >< 
..: ..: 
:; :; 

"' 
<-
N ... 

<C --

1.27 

DETAIL 

Fran t Face Back Face 2.5 4 
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TOSHIBA MOS MEM·ORYPRODUCTS 

IDESCRIPTIONI 

TMM21256BO-15, TMM21256BO-150 
TMM21256BO-20, TMM21256BO-200 

The THM27256BD is a 32,768 words x 8 bits ultraviolet light erasable and electrically 
programmable read only memory. 
For read operation, the THH272S6BD's access time is lSOns/200ns, and the TMM272S6BD 
operates from a single S-volt power supply and has low power. standby mode which 
reduces the 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 programming is achieved by using the high speed programming 
mode. The TMM272S6BD is fabricated with the N-channel silicon double layer gate MOS 
technology. 

!FEATURES\ 

-15 I -20 

VCC SV±S% 

tACC lSOns \ 200ns 

ICC2 100mA 

-150 \-200 
5V±10% 

lSOns \ 200ns 
l20mA 

• Full static operation 
• High speed programming mode I, IT 

Inputs and outputs TTL compatible 
Pin compatible with i27256 
Standard 28 pin DIP cerdip package 

! BLOCK DIAGRAt1\ 
ICCl 30mA 3 SmA Vpp Gl\D vee 0001 0203 04 05 06 07 

IPH1 CONNECTION I 
vpp Vee 
AI2 Al4 

A7 AI3 
A6 AS 
A5 A9 
A4 All 
A3 OE 
A2 AIO 
Al eE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

N r, 'I 

AO"'A14 Address Inputs 
00,'" 07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp Program Supply 
Voltage 

Power Supply 
VCC Voltage (+SV) 

GrID Ground 

I HODE SELECTION I 

~ !MODE 
Read 
Output Deselect 

Standby 

Program 

Program Inhibit 

[Program Verify 

*: H or L 

CE 

AD 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

AIO 
All 
}12 
AI3 
Al4 

or Vpp VCC 00'" 07 
(20) (22) (1) (28) (lh13, 15",19) 

L L Data Out 

* H 5V SV High Impedance 

H * High Impedance 

L H 1) 1) Data In 
l2.SV 6V 

H H 2) 2) High Impedance 

* L 12.7SV 6.2SV Data Out 

1): HIGH SPEED PROGRAMMING HODE I 
2): HIGH SPEED PROGRAMMING HODE IT 

- H-3 -

POWER 

Active 

Standby 

Active 



1MM2725680-15, 1MM2725680-150 
1MM2725680-20, 1MM272568O-200 

rlAXH,lUtlJ RATINGS 
Sy}1BOL ITEM 

VCC VCC Power Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

TSOLDER Soldering Temperature. Time 

TSTG Storage Temperature 
TOPR Operating Temperature 

READ OPERATION 

D.C. AND A.C. RECOMMENDED 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 ~J 

260 • 10 °C'sec 

-65'" 125 °c 

0'" 70 °c 

SYNBOL PARAMETER TMM27256BD-15/20 THN27256BD-150/200 

Ta Operating Temperature 0", 70°C 0", 70°C 

VCC VCC Power Supply Voltage 5V±5% 5V±10% 

VPP VPP Power Supply Voltage 2.0", VCC+0.6V 2.0", VCC+0.6V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O'" VCC - - flO \lA 

ho Output Leakage Current VOUT=0.4 '" VCC - - flO \lA 

Supply Current (Standby) 
-15/20 - - 30 

ICCI CE=VIR rnA 
-150/200 - - 35 

-15/20 - - 100 
ICC2 Supply Current (Active) CE=VIL rnA 

-150/200 - - 120 

VIR Input High Voltage - 2.0 - VCc+1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOR Output Righ Voltage IOH=-400\lA 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

IPPl Vpp Current Vpp=O'" VCC+0.6 - - flO lJA 
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TMM2725G80-15, T_2725680-150 
TMM272&&U-20; TI12725&80-200 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER TMM27256BD-15/l50 THM27256BD-20/200 
UNIT 

MIN. MAX. HIN. MAX. 
t ACC Address Access Time - 150 - 200 ns 
tCE CE to Output Valid' - 150 - 200 ns 
tOE ~ to Output Valid - 70 - 70 ns 
tDFl ~ to Output in High-Z 0 60 0 60 ns 
tDF2 DE to Output in High-Z 0 60 0, 60 ns 
tOH Output Data Hold Time 0 - 0 - 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'V 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

CAPACITANCE* (Ta=2SoC, 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 pF 

* This parameter is periodically sampled and is not 100% tested. 

THUNG WAVEFORt4S (READ) 

AO-A14 

HIGH Z 
00-07 DATA OL"I'PUTS 
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TMM2725&18-15, TII.2725&88-150 
.112725&88-20, .112725680-200 

PROGRAf·l OPERATION (HIGH SPEED PROGRAMMING HODE I) 

D.C. RECOI4f.1ENDED OPERATING CONDITIONS 
STI1BOL PARANETER 
VIH Input High Voltage 
VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. TYP. MAX. 

2.0 - VCC+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, Vcc=6V±0.25V, Vpp=12.5V+0.5V) -
SYMBOL PARANETER TEST CONDITION NIN. TYP. MAX. 
ILl Input Current VIN=O'V VCC - - :!:10 
VOH Output High Voltage IOH=-400\-lA 2.4 - -
VOL Output Low Voltage IOL=2.lmA - - 0.4 

ICC VCC Supply Current - - - 120 
IpP2 VPP Supply Current VPP=13.0V - - 50 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, VCC=6V:!:0.25V. Vpp=12.5V±0.5V) -
SYMBOL PARMIETER TEST CONDITION MIN. TYP. MAX. 

tAS Address Setup Time - 2 - -
tAH Address Hold Time - 2 - -
tCES CE Setup Time - 0 - -
tCEH CE Hold Time - 0 - -
tOES OE Setup Time - 2 - -
tDS Data Setup Time - 2 - -
tDH Data Hold Time - 2 - -
tvps Vpp Setup Time - 2 - -
tvcs VCC Setup Time - 2 - -
tpw Initial Program Pulse Width CE=VIL. ~=VIH 0.95 1.0 1.05 

topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 

tOE OE to Output Valid CE=VIH - - 150 

tDFP OE to Output in High-Z CE=VIH - - 130 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 

Input Pulse Rise and Fall Time IOns Max. 

• Input Pulse Levels 0.45V'V 2.4V 

UNIT 
V 
V 
V 
V 

UNIT 

\-IA 
V 
V 

mA 

mA 

UNIT 

\-IS 

llS 

ns 
ns 

lls 

llS 

llS 
llS 

llS 
ms 
ms 
ns 

ns 

• Timing Measurement Reference Level: 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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TM.7258BIJ-1.5,rTMIZ726110-150 
".72&111-28,' T"2725010-200 

PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE U) 

D.C. RECQt·1r·1ENDED OPERATING CONDITIONS 
SYMBOL PJt.RAMETER 
VIH Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 
Vpp Vpp Power Supply Voltage 

MIN. 
2.0 

-0.3 

6.0 

12.5 

TYP. MAX. UNIT 

- VCc+l. O V 

- 0.8 V 

6.25 6.5 V 

12.75 13.0 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±SoC, VCC=6.2SV±0.25V, Vpp=12.7SV±0.25V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

hI Input Current VIN=O'\,VCC - - ±10 
VOH Output High Voltage IOH=-4OO11A 2.4 - -
VOL Output Low Voltage IOL=2.lmA - - 0.4 
ICC VCC Supply Current - - - 120 

IpP2 VPP Supply Current Vpp=13.0V - - 50 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCc=6.25V±0.2SV, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 
tCES ~ 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 Program Pulse Wiath 

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 0.095 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (lOOpF) 

IOns Max. 

0.45V'\, 2.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -
0.1 0.105 

- 150 
- 130 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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UNIT 

llA 
V 
V 
mA 

mA 

UNIT 
liS 

liS 

ns 

ns 
liS 

liS 

liS 

Ils 

liS 

ms 
ns 
ns 



TH27256a.15, TM.2725688-118 
•• 725888-20, TMII27258BD-200 

TIMING WAVEFO~1S (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (Vee=6V±O.2SV, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE 1I (Vee=6. 25V±O. 25V, Vpp=12. 7 5V±O •. 25V) 

AO-AU x K= 
tPl'\' 

tAS ~ tAli 
~ 

1\ V I~ tCEH teEs 
~ I t----

~ 
tDFP 

~ 

I-
tDS 

---=:;.. 
tDH tOE 

00-07 / DIN STABLE r\ / DOUT VALID 1\ 
Il Il 

tvps 
VPP 

Vee tves 
I 

PROGRAM 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±O.5V or Vpp=12.75V±O.25V 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. 

\~en 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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TMMt126ti.BO-1 ~', T.,.,212"80-160 
TM.,2125880-20, TM"2126680-200 

ERASURE CHARACTERISTICS 

The U1M272S6BD's erasure is achieved by applying shortHave ultraviolet light Hhich 
has a wavelength of 2S37A (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 IS [w·sec/cm2). 
When the Toshiba sterilizing lamp GL-IS is used and the device is exposed at a 
distance of lcm 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 (20x 60) [sec) ::.lS [w·sec/cm2).) 
The TMM272S6BD's erasure begins to occur when exposed to light with wavelen~th 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 EPROH Protect Seal AC90l-are available. 

OPERATION INFORr4ATION 

The THH272S6BD'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 

MODE (20) 

Read Operation Read L 

Output Deselect * (Ta=O'\, 70 D C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=2S±S D C) 

Program Verify * 
Note: H; VIH, L; VIL, *; VIH or VIL 

READ ~10DE 

OE Vpp VCC 00 '\, 07 

(22) (1) (28) (11 '\, 13, 15'\,19) 

L Data Out 

H SV SV High Impedance 

* High Impedance 

H 12. SVl ) 6Vl ) Data In 

H 
2) 2) 

High Impedance 

L l2.7SV 6.2SV Data Out 

1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE IT 

POWER 

Active 

Standby 

Active 

The T~1M272S6BD 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 selection. 
Assuming that CE=OE=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 of OE. 
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TMM2725&80-15, TMM2725&80-150 
TMM2725680-20, TMM2725680-200 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TM}127256BD'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 tlODE 

The T}lli27256BD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the T}lN27256BD is placed in the standby 

mode which reduce 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRA~l t10DE 

Initially, \.,hen received by customers, all bits of the THN27256BD are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "a's" data into the desired bit 

locations by electrically programming. 

The TM}127256BD is in the programming mode when the Vpp input is at 12.5V or 12.7SV 

and CE is at TTL-Low level under OE=VIH' 

The T}lli27256BD can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY t10DE 

The verify mode is to check that desired data is correctly .programmed on the pro

grammed bits. 

The verify is accomplished with OE at VIL and CE at VIH or VIL' 

PROGRA~1 INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 

terminal, a TTL high level CE input inhibits the T}lli27256BD from being programmed. 

Programming of two or more THH27256BD'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. 
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HIGH SPEED PROGRAMtHNG t,10DE I 

TI.725888-1$, T .. 725&8.150 
TMM!7211B8'!20, TMM2721681-211 

This high speed programming mode I is performed at VCC=6.0V and Vpp=12.5V. 

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 

pulse width 3 times th2t needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with VCC=Vpp=5V. 

HIGH SPEED PROGRAMr4ING r40DE IT 

The program time can be greatly decreased by using this high speed programming mode 

IT. This high speed programming mode IT is performed at VCC=6.25V and Vpp=l2.75V. 

The programming is achieved by applying a single TTL low level O.lms pulse to the 

CE input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Hode. 

If the programmed data is not correct, Rnother program pulse 6f O.l~s is applied and 

then the 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. 
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TM.2725&BI)o15, T_2725&88-150 
.'M2725881)o2O, TMM2725&BD-280 

HIGH SPEED PROGRAMMING ~1ODE I FL0\4 CHART 

ADDRESS 

=NEXT ADDRESS 

OVERPROGBAM 3Y "I.JLSES OF Imsec 

OR ONE PULSE" "i 3X msec DURATION 

NO 

NG 
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,....,218 .. 15, T_2786BD~t68 
TMM27Z&8B .. 20; TMM27251 .. 2OI 

HIGH SPEED PROGRAMrmm MODE n FLOW CHART 

NG 

NO 

NG 
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1MM2725688-15, 1MM2725680-150 
TMM2725680-20, 1MM2725680-200 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from T~ru27256BD which identifies 

its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM27256BD 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 con

ditions is 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 TMN27256BD. 

~ 
AO 07 06 05 04 03 02 01 00 REX. 

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 1 0 1 0 1 0 0 54 

Notes: A9=12V±0.5V 

Al"'A8, AlO"'A14, CE, OE=VIL 
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TMM272511D;'15, TMM2125&BO-150 
_2725110-20, 11IIM2725&80-200 

OUTLINE DRAWINGS 

d 
+l 

'" M 

28 

37.7MAX. 

71 ± 0.2 
IS 

'" ---f--t---t------f-- :;! 
RIOO.O 

14 

2.54 ±0.2 5 1.3± 0.25 

Note 1 0.4 6:!:8J g 

Unit in mrn 

11
; "mo., t 

+0.15 ~ 

1 
O'::.~::. .. .1 

No te 2 

Note 1. Each lead pitch is 2.54mrn. 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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TMM272&&BD-15, TMM2725&BD-15D 
TMM27256BD-20, TMM2725880-200 

- H-16 -



TOSHIBA MOS MEM-O'RY,PRO·DUCTS 
TMM27256BDI-15, TMM27256BDI-20 

I DESCRIPTION I 
The TMM27256BDI is a 32,768 words x 8 bits ultraviolet light erasable and electrically 
~rogrammable read only memory . 

. For read operation, the TMM27256BDI's access time is l50ns/200ns, and the TMM27256BDI 
'operates from a single 5-volt power supply and has low power standby mode which 
reduces. the 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 program...ing is achieved by using the high speed programming 
mode. The TMM27'256BDI is fabricated with the N-channel silicon double layer gate MOS 
technology. 

I FEATURES I • Wide operating temperature range -40 'V 85°C 

-15 I -20 
• Full static operation 

High speed progr~mming mode I, IT 
VCC 5V±5% 

tACC l50ns I 200ns 

• Inputs and outputs TTL compatible 
• Pin compatible with i27256 
• Standard 28 pin DIP cerdip,package 

ICC2 l20mA 
IBLOCK DIAGRAM I 

ICCI 35mA 
Vpp GXO vee 00 01 0203 04 05 06 07 

I PIN CONNECTION I 

Vee OE 
Al4 
Al3 AO 
A8 Al 

AS A9 A2 
A3 

A4 All A4 
A3 OE AS 

A2 AIO A6 
A7 

Al CE A8 
AO 07 A9 32.768 x8 bi ts 
00 06 AIO 

All 
01 05 A12 
02 04 A13 

GND 03 Al4 

IMODE SELECTION I I PIN NAMES I 
AO'VA14 Address Inputs ~ CE OE VP), VCC 00 '" 07 POtTER MODE (20) (22) (1 (28) (11"'13, l5'V19) 
00"-07 Outputs (Inputs) Read L L Date Out 

- Active 
CE Chip Enable Input Output Deselect * H 5V 5V High Impedance 
OE Output Enable Input Standby H * High Impedance Standby 

VPP 
Program Supply Program L H 1) 1) Data In 
Voltage 

Program 
l2.5V 6v 

Power Supply 
Inhibit H H 

12. Hr. 2) High Impedance Active 
VCC 

Voltage (+5V) Program Verify * L 6.25V Data Out 

GND Ground *: H or L 1) : HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE IT 
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TMM272568DI-15, TMM272568DI-20 

MAXIMUM 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 

VIIO Input/Output Voltage -0.6 'V 7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature • Time 260 • 10 ·Cosec 

TSTG Storage Temperature -65 'V 125 °c 

TOPR Operating Temperature -40 'V 85 ·C 

READ OPERATION 
D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM27256BDI-12/20 

Ta Operating Temperature -40 'V 85°C 

VCC VCC Power Supply Voltage 5V±5% 

Vpp Vpp Power Supply Voltage 2.2 'V VCc;+O.6V 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

hI Input Current VIN=O 'V VCC - - ±10 lJA 

ho Output Leakage Current VOUT=0.4 'VVCC - - ±10 lJA 

ICCI Su\,"ply Current (Standby) CE=VIH - - 35 rnA 

ICC2 Supply Current (Active) CE=VIL - - 120 rnA 

VIR Input High Voltage - 2.2 - VCc+1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH=-400lJA 2.4 - - V 

VOL Output Low Voltage IOL=2.1rnA - - 0.4 V 

IpPI VPP Current Vpp=O 'V VCC+O. 6 - - no lJA 
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tMM27256811-15, TMM27256'811-20 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM27256BDI-15 TMM27256BDI-20 

UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time - 150 - 200 ns 

tCE CE to Output Valid - 150 - 200 ns 
tOE OE to Output Valid - 70 - 70 ns 

tDFl CE to Output in High-Z 0 60 0 60 ns 

tDF2 OE to Output in High-Z 0 60 0 60 ns 
tOR Output Data Hold Time 0 - 0 - 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'l.2.4V 

Timing Measurement Reference Level: Inputs O.8V and 2.0V, Ontputs 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 pF 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO-A14 

~ ~ tCE 
CE ~\t ~ 

I ~ ~~ 
tOE 

OE 

I 'HIGH 

tACC I tDF2 

Z HIGH Z 
00-07 DATA OUTPCTS 
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TMM27256BDI-15, TMM27256BDI-20 

PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIR Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. TYP. MAX. 

2.2 - VCC+1.O 
-0.3 - 0.8 

5.75 6.0 6.25 

12.0 12.5 13.0 

D.C. AND OPERATING CHARACTERISTICS (Ta=2s±s·C, Vcc=6V±0.2sV, Vpp=12.sV±0.sV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O'VVCC - - ±10 
VOH Output High Voltage I OH=-400\.lA 2.4 - -
VOL Output Low Voltage I OL=2.1rnA - - 0.4 

ICC VCC Supply Current - - - 120 

IpP2 VPP Supply Current Vpp=13.0V - - SO 

A.C. PROGRAMMING CHARACTERISTICS (Ta=2s±s·c, Vcc=6V+0.2sv Vpp=12 sV+O sV) - , -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tAS Address Setup Time - 2 - -
tAR Address Hold Time - 2 - -
tCES CE Setup Time - 0 - -
tCEH CE Hold Time - 0 - -
tOES OE Setup Time - 2 - -
tDS Data Setup Time - 2 - -
tDH Data Hold Time - 2 - -
tvps VPP Setup Time - 2 - -
tvcs VCC Setup Time - 2 - -
tpw Initial Program Pulse Width CE=VIL, OE=VIH 0.95 1.0 1.05 

topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 

tOE OE to Output Valid CE=VIH - - 150 
tDFP OE to Output in High-Z CE=VIH - - 130 

A.C. TEST CONDITIONS 

Output Load 1 TTL Gate and CL (lOOp F) 

Input Pulse Rise and Fall Time IOns Hax. 

Input Pulse Levels 0.4sV"'2.4V 

UNIT 

V 

V 

V 

V 

UNIT 

\.I A 
V 

V 

rnA 

rnA 

UNIT 

IlS 

IlS 

ns 
ns 

IlS 

IlS 

IlS 
\.Is 

\.IS 

ms 

ms 

ns 
ns 

Timing Measurement Reference Level: Input O.RV 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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TI.7258801-15, TM.72568DI-20 

PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE rr) 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP, MAX. 

VIH Input High Voltage 2.2 - VCc+l. O 

VIL Input Low Voltage -0.3 - 0.8 

VCC Vce Power Supply Voltage 6.0 6.25 6.5 
Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 

D.C. AND OPERATING CHARACTERISTICS (Ta=2S±5°C, VCC=6.2SV±0.2SV, Vpp=12.75V±0.2SV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O '" VCC - - ±10 

VOR Output High Voltage IOR=-400]..lA 2.4 - -
VOL Output Low Voltage I OL=2.lmA - - 0.4 

ICC VCC Supply Current - - - 120 
IPP2 Vpp Supply Current Vpp=13.0V - - 50 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±S"C, VCC=6.25V±O.2SV, Vpp=12.75V±O.2SV) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tos Data Setup Time 

tOH Data Hold Time 
tvps VPP Setup Time 

tvcs VCC Setup Time 

tpw Program Pulse Width 

tOE OE to Output Valid 

tOFP 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 0.095 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (lOOpF) 

IOns Hax. 

0.45V", 2.4V 

TYP. MAX. 

- -
- -
- -

- -
- -
- -
- -
- -
- -

0.1 0.105 

- 150 

- 130 

Timing Measurement Reference Level: Input O.SV and 2.0V, Output 0.8V and 2.0V 
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UNIT 

V 

V 

V 
V 

UNIT 

j.IA 

V 

V 

mA 
mA 

UNIT 

]..Is 

]..IS 

ns 
ns 

]..IS 

]..IS 

]..IS 

]..IS 

]..IS 

ms 

ns 

ns 



TMM272568DI-15, IMM27256801-20 

TIMING WAVEFORMS (PROGRAM) 

AO-A14 

00-07 

VPP 

Vcc 

HIGH SPEED PROGRAMMING MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE II (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

x >C 
~rtY 

tAR 

topw 
I ~~ tcrn 

l 

~ tOFP 

'\ 
-~ tDH tOE 

J STABLE 
, ) 

VALID 
, 

DI!'! DOUT / 

tvps 

tvcs 
I 

PROGRAM PROGR-\.\I 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 O.5V or Vpp=12.75V O.25V 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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TMM27256801-15, T1127256801-20 

ERASURE CHARACTERISTICS 

The TMM27256BDI'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 [wosec/cm2]. 
When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of lcm 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/ cmZ) x (20 x 60) [sec] =15 [w' sec/ cm2 ] .) 
The TMM27256BDI's erasure begins to occur when exposed to light with wavelength shorter 
than 4000Ao The sunlight and the florescent 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. 

OPERATION INFORMATION 

The TMM27256BDI'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 
(20) 

Read Operation 
Read L 

Output Deselect * (Ta=O ~ 70·C) 
Standby H 

Program Operation 
Program L 

(Ta=25±5°C) 
Program Inhibit H 

Program Verify * 
Note: H; VIH, L; VIL' *; VIH or VIL 

READ MODE 

OE Vpp VCC 00 ~07 
(22) (1) (28) (11 'V 13, 15 ~19) 

L Data Out 

H 5v 5V High Impedance 

* High Impedance 

H l2.5Vl ) 6Vl ) Data In 

H 
l2.75~) 6.25~) 

High Impedance 

L Data Out 

1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE II 

POhTER 

Active 

Standby 

Active 

The TMM27256BDI 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 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. 

- H-23 -



TMM27256801-15, TMM27256801-20 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH. the outputs will be in a high impedance state. 

So two or more TMM27256BDI's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in a low power 

standby mode. 

STANDBY MODE 

The TMM27256BDI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BDI is placed in the standby 

mode which reduce 70% of the operating current bv applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BDI 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 TMM27256BDI is in the programming mode when the Vpp input is at 12.SV or 12.7SV 

and CE is at TTL-Low level under OE=VIH' 

The TMM27256BDI can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly porgrammed on the pro

grammed bits. 

The verify is accomplished with OE at VIL abd CE at VIH or VIL' 

PROGRAM INHIBIT MODE 

Under the condition that the program voltai1:e (12.SV or 12.7SV) is applied to Vpp 

terminal, a TTL high level CE input inhibits the TMM27256BDI from being programmed. 

Programming of two or more TM~27256BDI'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. 
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HIGH SPEED PRO~RAMMING MODE I 
This high speed programming mode I is performed at VCC=6.0V and Vpp=12.5V. 

The programming is achieved by applying a single TTL low level lmspulse 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 

pulse 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. 

HIGH SPEED PROGRAMMING MODE II 
The program time can be greatly decreased by using this high speed programming mode 

II. This high speed programming mode II is performed at VCC=6.25V and Vpp=12.75V. 

The programming is achieved by applying a single TTL low level O.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 O.lms is applied 

and then the 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. 
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TMM27256BOI-15, TMM27256BOI-20 

HIGH SPEED PROGRM4MING MODE I FLOW CHART 

ADDRESS 

= l'iEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 

OR Q~E PULSE OF 3X msec DL~TI~ 

NO 
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TI127258801-15, TI127258811-20 

HIGH SPEED PROGRAMMING MODE IT FLOW CHART 

NG 
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IMM27256801-15, IMM27256801-20 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27256BDI which identifies 

its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM27256BDI 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 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 TMM27256BDI. 

~ AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Manufacture Code Vn I 0 0 1 1 0 0 0 98 

Device Code VIH 0 1 0 1 0 1 0 0 54 

Notes: A9=12V±0.5V 

AI'VA8, AIO'VA14, CE, OE=VIL 
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TMM27256101-15, TMM27256101-20 

OUTLINE DRAtHNGS 

37.7MAX. 

RO.64. 

1.234. 5678 91011121314 

>< ..: 
::i! 
C"{ 

"'I~~~~~~ 

2.54±025 L3±0.25 

+0.15 
0.46-0.10 

Note 1 

Unit in = 

I!? 
>< 0 ",0 

-Ii ........ ;j ... 00 ... 
~ +1 .., 
'" "' .... .... "I 

0 

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25= 

'" 
'" ... 
0 
z 

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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TMM27256BDI-15, TMM27256BDI-20 
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TOSHIBA MOS MEMORY PRODUCTS 

IDESCRIPTIONI 

TC57256AO-120, TC57256AO-12 
TC57256AO-150 

The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electri
cally programmable read only memory. For read operation, the TC57256AD's access time 
is l20ns, and the TC57256AD operates from a single S-volt power supply and has low 
power standby mode which reduces the 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 30mA/8.3MHz and standby 
current to 100uA. For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TCS7256AD is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MaS technology. 

IFEATURESI 

• Peripheral circuit: CMOS 
N-MOS Memory cell 

-12 -120 I-ISO 
I VCC SV±5% SV±lO% 
I tACC l20ns l20ns I l50ns 

• Single SV power supply 

I PIN CONNECTI ON I (TOP VIEW) 

Vpp 

Al2 
A7 
A6 
A5 

AD 
00 
01 
02 

GND 

Vee 
A14 
AI3 

AS 
A9 

All 
IJE 
AID 
me 
07 
06 

05 

04 
03 

• Full static operation 
High speed programming mode 

• Inputs and outputs TTL compatible 
Pin compatible with ROM TC53257P, TMM232S6P, 

TMM27256AD and TC572S6D 
• Standard 28 pin DIP cerdip package 

ISLOCK DIAGRA~11 
Vpp GND vee 00 01 0203 04 05 06 07 

ml 

~ 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS ARRAY A9 

AlO 
All 

32,768 X 8bita 

Al2 
AI3 
Al4 

IPIN NAMESI IMODE SELECTION I 
AO 'V A14 Address Inputs ~ CE OE Vpp VCC 00 'V 07 POWER 
00 'V 07 Outputs (Inputs) MODE (20) (22) (1) (28) (11 'V 13 IS 'V 19) 

Data CE Chip Enable Input Read L L Out Active 
OE Output Enable Input Output Deselect * H 5V 5V High Impedance 

Program Supply Standby H * High Impedance Standby 
Vpp 

Voltage Program L H l2.3~ 6$) Data In 

VCC VCC Supply Voltage Program Inhibit H H 2) 2) High Impedance Active 
(+SV) Program Verify * L 2.7SV 6.25V Data Out 

GND Ground * H or L 1); HIGH SPEED PROGRAM MODE I, 
2): HIGH SPEED PROGRAM MODE IT 
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TC57258AO-120, TC57258Ao-12 
TC57256AO-150 

l~lAXIMU~l RATINGSI 

SYMBOL ITEM 

VCC VCC Power Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

RATING 

-0.6"'7.0 

-0.6", 14.0 

-0.6",7.0 

-0.6", VCc;+O. 5 

1.5 

TSOLDER Soldering Temperature. Time 260 ·10 

TSTG Storage Temperature -65 "'125 

TOPR Operating Temperature 0"'70 

IREAD OPERATION I 

D.C. AND A.C. RECO~ENDED OPERATING CONDITIONS 
SYMBOL PARAMETER TC57256AD-12 

Ta Operating Temperature 0'" 70°C 

VCC VCC Power Supply Voltage SV±5% 

VPP VPP Power SupplY Voltage VCC-0.6V 'V VCC+O.6V 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. 

hI Input Current VIN=O 'V VCC -
ho Output Leakage Current VOUT=0.4 '" VCC -
ICCOl CE=OV f=8.3MHz -

Operating Current 
ICC02 IOUT=OrnA f=lMHz -
ICCSl CE=VIH -Standby Current 
ICCS2 CE=VCC-0.2V -
VIH Input High Voltage - 2.2 

VIL Output Low Voltage - -0.3 
VOH Output High Voltage IOH=-4OOlJA 2.4 

VOL Output Low Voltage IOL=2.1mA -
IpPl VPP Current Vpp=VCC-O.6 'VVCc;+O.6 -

- H-32-

UNIT 

V 

V 

V 

V 

W 

°c • sec 

°c 

°c 

TC57256AD-120/l50 

0'" 70°C 

5V±10% 

VCC-O.6V'VVCc;+O·6V 

TYP. MAX. UNIT 

- ±10 lJA 

- ±10 lJA 

- 30 
rnA 

- 15 

- 1 rnA 

- 100 lJA 

- VCc+O·3 V 

- 0.8 V 

- - V 

- 0.4 V 

- ±10 lJA 



TC57258AD-120, TC57258AD-12 
TC57256AD-150 

A C CHARACTERISTICS . . 
TC57256AD-120/l2 TC57256AD-150 

SYMBOL PARAMETER TEST CONDITION UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time (;E=O!"VIL - 120 - 150 ns 

tCE cr to Output Valid cm-VIL - 120 - 150 ns 

tOE or to Output Valid CE=VIL - 60 - 70 ns 

tDFl CE to Output in High-Z M·VIL 0 50 0 60 ns 

tDF2 BE to Output in High-Z CE-VIL 0 SO 0 60 ns 
tOH Output Data Hold Time CE=OE=VIL 0 - 0 - ns 

A.C. TEST CONDITIONS 

Output Load 1 TTL Gate and CL=lOOpF 

• Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.4SV <o2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE *(Ta=25°C, f=IMHz) 
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 parameter is periodically sampled and is not 100% tested. 

TIf;1ING WAVEFORMS 
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TC57256AD-120. TC57256AD-12 
TC57256AD-150 

IHIGH SPEED PROGRAM MODE II 

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. UNIT 

2.2 - Vec+1.0 V 

-0.3 - 0.8 V 

5.75 6.0 6.25 V 

12.0 12.5 13:0 V 

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. 

hI Input Current VIN-O'VVCC - - ±IO 

VOH Output High Voltage IOH--4OOllA 2.4 - -
VOL Output Low Voltage IOL=2.1mA - - 0.4 

ICC VCC Supply Current - - - 30 

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°e, Vec·6V±0.25V, Vpp-12.5V±0.5V) . . 
SYMBOL PARAMETER 

tAS Address Setup Time 

tAH 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 

tDFP 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, ()[=VIH 0.95 

Note 1 2.85 

el:-vIH -
CE-VIH -

1 TTL Gate and CL(100pF) 
10ns Max. 
0.45V 'V 2.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -
1 1.05 

3 78.75 

- 100 

- 90 

UNIT 

llA 
V 

V 

rnA 

rnA 

V 

UNIT 

llS 

\lS 

ns 
ns 

\lS 

\lS 

llS 

llS 

llS 
ms 

ms 

ns 
ns 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output O.8V and 2.0V 

Note 1: The length of the overpgoram pulse may vary as a function of the counter 
value X. 

- H-34-



tC57258A~120, TC57258AB-12 
TC57256AD-150 

I HIGH SPEED PROGRAM OPERATION IT I 

D.C. REC~1ENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VIH Input High Voltage 2.2 - Vec+l. O V 

VIL Input Low Voltage -0.3 - O.S V 
Vee Vec Power Supply Voltage 6.00 6.25 6.50 V 
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 V 

D.C. AND OPERATING CHARACTERISTICS (Ta-25±5°C, Vec-6.25±0.25V, Vpp-12.75±0.25V) 

SYMBOL PARAMETER . TEST CONDITION MIN. TYP. MAX • UNIT 
ILl Input Current VIN-O "-Vec - - flO ].IA 

VOH Output High Voltage IO~-400].lA 2.4 - - V 

VOL Output Low Voltage IOL-2.1mA - - 0.4 V 

ICC VCC Supply Current - - - 30 mA 

IpP2 Vpp Supply Current VpP"13.0V - - 50 mA 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vce=6.25+0.25V, Vpp=12.75+0.25V) - -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - ].Is 

tAH Address Hold Time - 2 - - ].IS 

tCES IT Setup Time - 0 - - ns 

tCEH eE Hold Time - 0 - - ns 
tDS Data Setup Time - 2 - - ].Is 

tDH Data Hold Time - 2 - - ].IS 

tvpS Vpp Setup Time - 2 - - ].IS 

tvcs Vee Setup Time - 2 - - ].IS 

tpw Program Pulse Width CE-VIL. (iE-VIH 0.095 0.1 0.105 ms 

tOE em to Output Valid CE-VIH - - 100 ns 

tDFP DE to Output in High-Z CE-VIH - - 90 ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL(lOOpF) 

• Input Pulse Rise and Fall Time IOns Max. 

• Input Pulse Levels O.45V to 2.4V 

Timing Measurement Reference Level: Input O.SV and 2.2V, Output O.SV and 2.0V 
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TC5725&AD-I20, TC57258~12 
TC5725&AD-150 

TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (VCC·6V±O.25V. Vppc l2.5V±O.5V) 

HIGH SPEED PROGRAM MODE IT (VCC·6.25V±O.25V. Vpp-l2.75V±O.25V) 

>< 
l·tAs tpw 

N=Y tCEH J~ 

~ 
\ 

too tDH tOE 

00-07 <1 DIN STABLE " ./ Dam 

tvps 

I 

Vee 
tves PROGRAM PROGRAM VERIFY 

I 

C 
~ 

.~ 

tDEP 

VALID " It 

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=l2.5V (l2.75V) 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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TC5725&AD-1Z0, TC5725&AD-12 
TC57256AD-150 

!ERASURE CHARACTERISTICS! 
The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then intergrated does (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-l5 is used and the device is exposed at a dis
tance of lcm 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 does is 
12000 [~w/cm21 x (20x60) [sec] -15 [w.sec/cm2].) 
The TC57256AD's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000 '" 4000A wave
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available. 

!OPERATION INFOru~ATION! 
The TC572S6AD's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 

~ CE iJE Vpp VCC 00 "'07 
MODE (20) (22) (1) (28) (11 '" 13, IS'" 19) 

Read L L Data Out 
Read Operation Output Deselect * H SV SV High Impedance 
(Ta=O '" 70°C) 

Standby H * High Impedance \ 

Program L H 1) 1) Data In 
Program Operation l2.SV 6V 

Program Inhibit H H 2) 2) High Impedance 
(Ta=25±5°C) 

Program Verify * L 2.7SV 6.25V Data Out 

N H *. 1); HIGH SPEED PROGRAM MODE I 
ote: ; VIH. L; VIL. ,VIH or VIL' 2); HIGH SPEED PROGRAM MODE IT 

IREAD MODEl 

POWER 

Active 

Standby 

Active 

The TC57256AD has two control functions. The chip enable (~) controls the operation 
power and should be used for device selection. 
The output enable (aE) 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 stabilizing of all addresses. 
The CE to output valid (tCE) is equal to the address access time (tACC)' 
Assuming that C!=VIL and all addresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of iJE. 

!OUTPUT DESELECT MODE! 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 
So two or more TCS72S6AD'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. 
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TC57256AO-120, TC57256AD-12 
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I STANDBY ~10DEI 
The TC57256AD has a low power standby mode controlled by the CE signal. 
By applying a high level to the ~ input, the TC57256AD is placed in the standby 
mode which reduce the operating current to lOO~A by applying MOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the DE inputs. 

IPROGRAM MODEl 
Initially, when received by customers, all bits of the TC57256AD are in the "1" 
state which is erased state. 
Therefore the program operation is to introduce "a's" data into the desired bit 
locations by electrically programming. 
The TC57256AD is in the programming mode when the Vpp input is at l2.5V and cr is 
at TTL-Low under QE=VIH. 
The TC57256AD can be programmed any location at any time either individually, 
sequentially, or at random. 

IPROGRAM VERIFY MODEl 
The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at VIL. 

IPROGRAM INHIBIT MODEl 
Under the condition that the program voltage (+12.5V or +12.75V) 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. 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. 

IHIGH SPEED PROGRAM MODE II 

The program time can be greatly decreased by using this high speed programming mode. 
The device is set up is 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. 
When programming has been completed, the data in all addresses should be verified 
with VCC=Vpp=5V. 
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IHIGH SPEED PROGRAM MODE ITI 

TC57256AO-120, TC57256AO-12 
TC57256AO-150 

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. 

The programming is achieved by applying a single TTL low level D.1ms 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 D.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. 
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TC5725&AD-I28, TC5725&~12 
TC5725&AO-15D 

IHIGH SPPED PROGRAM MODE II 
FLOW CHART 

NG 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 

NG 

NO 

NG 
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I HIGH SPEED PROGlWl MODE II I 

FLOW CHART 
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TC57256AO-120, TC57256AO-12 
TC57256AO-150 

IELECTRIC SIGNATURE MODE! 

Electric signature mode allows to read out a code from TC57256AD which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TC57256AD 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 con

ditions is 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 TC57256AD. 

~ AO 07 06 OS 04 03 02 01 00 REX. 
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 1 1 0 0 0 1 0 0 C4 

Notes: A9=12V±0.5V 

Al'VA8. AlO'VA14. 1%, ITlr=VIL 
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TC57256AU .. 120, TC57256AD .. 12 
TC57256AD .. 150 

jOUTLINE DRAWINGSI 

3'7.'7 MAX. 

8. 9 TYP. 

28 Z7 26 25 24. 23 22 21 2) 19 lB 1'7 16 15 

1 2 3 ~ 56'7 8 9 ill II ~ ~ U 

2. 54,±0. 25 
l.3±0.25 

+0.15 
0.~6-0.10 

Note 1 

Unit in !IDII 

\ 
./ 

Note 2 

Note 1. Each lead pitch is 2.S4!1D11. All leads are located within O.2S!IDII 

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 PRODUCTS 
lC57256AO-15, lC57256AO-20 

I DESCRIPTIONI 

The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electri
cally programmable read only memory. For read operation, the TC57256AD's access time 
is l50ns,and the TC57256AD operates from a single 5-volt power supply and has low power 
standby mode which reduces the 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 30mA/6.7MHz and standby current 
to 10~A. For program operation. the programming is achieved by using the high speed 
programming mode. For program operation, the programming is achieved by using high 
speed programming mode. TC57256AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 

IFEATURESI 

Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 
Active: JOrnA/6.7KQz 
Standby: 100lJA 

Fast access time: 
TC57256AD-15 i50ns 
TCS7256AD-20 200ns 

IPIN CONNECTIONI (TOP VIEW) 

Al 
AO 

00 
01 
02 

GND 

Vee 
Al4 
Al:3 

AS 

A9 

All 
DE 
A10 

CE 
07 

08 

05 
04 
03 

IPIN NAr1ESI 
AO"u A14 Address Inputs 
00 "u 07 Outputs (Inputs) 

CE Chip Enable Input 
.5Z Output Enable Input 

Program Supply Vpp 
Voltage 

VCC VCC Supply 
(+5V) 

Voltage 

GND Ground 

• Single SV power supply 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with ROM TC53257P, 

TMM23256P, TMM27256AD and TC57256D 
Standard 28 pin DIP cerdip package 

IBLOCK DIAGRAHI 
vpp GND vee 0001 02 0:3 04. 0508 07 

Ir10DE SELECTIONI 

~N HaDE 
Read 
Output Deselect 
Standby 
Program 
Program Inhibit 
Program Verify 

* H or L 

Aon-.r--., 
Al 
A2 
A:l 
A!. 
AS 
A6 
A7 
A8 
A9 

A10 
All 
A12 
Al3 
All. V-"!'-_..J 

CE OE Vpp 
(20) (22) (1) 

L L 

* H 5V 
H * 
L H 
H H 12.SV 

* L 
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ARRAY 
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High Impedance Standby 
Data In 
High Impedance Active 
Data Out 



TC57258AD-15, TC57258AD-20 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6'1. 7.0 V 

Vpp Program Supply Voltage -0.6'1.14.0 V 

VIN Input Voltage -0.6'1. 7.0 V 

V I/O Input/Output Voltage -0.6'1. VcC+0.5 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 -40'1. 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 CHARACTERISTICS (Ta=-40'l.85·C, VCC=5V± 5%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=OV'l.VCC - - no lJA 

ICCOI ct .. OV f=6.7MHz - - 30 
Operating Current 

IOUT",OmA 
rnA 

ICC02 f"lMHz - - 10 

ICCSI ~=VIH - - 1 rnA 
Standby Current 

CE .. V CC-O. 2V ICCS2 - - 100 lJA 

VOH Output High Voltage IOH=-400lJA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IPPl VCC Current Vpp=VCC ± 0.6V - - no lJA 

lLO Output Leakage Current VOUT=O' 4V 'I. VCC - - no lJA 
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TC57256AO-15, TC57256AO-20 

A.C. CHARACTERISTICS (Ta=-40'v 85°C, VCC=5V±S%, Vpp=VCC±O.o',') 

SYMBOL I PARAMETER 

tACC I Address Access Time 

tCE I CE to Output Valid 

tOE I BE to Output Valid 
tDFl I CE to Output in High-Z 
tDF2 I OE to Output in High-Z 

tOH I Output Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

TEST CONDITION 
TC57256AD-1S I TCS7256AD-20 

MIN. ~LA..X • 

CE=OE=VIL - I lSO 

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. 

0.45V"-'2.4V 

I MIN. MAX. 

I - 200 
I - 200 
I 

I - 70 

I 0 60 

I 0 60 

I 0 -

UNIT 

ns 

Timing ~leasurement Reference Level: Inputs O.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE "(Ta=25°C, f=HlHz) 

SY>!BOL I PARAHETER I TEST COKDITION I HI~\ ~ i T'-:O I ... HAX. UNIT 

Cn I Input Capacitance I VU,=OV I - I 4 I 6 

COrT I Output Capacitance I VOUT=OV I - I 8 I 12 
pF 

,', This paramHer is periodically sampled and is not 1007; testec. 

THlING lJAVEFORt·1S 

J(>--07 
EIGH Z 

DATA OUTPU,S 
HIGH Z 
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TC57256AD-15, TC57256AD-20 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAHETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+l.O 

VIL Input Low Voltage -0.3 - 0.8 
V 

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+ 0.25V, Vpp=12.5V+ 0.5V) - - -
SYMBOL PARAMETER TESTCONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'C VCC - - ±10 IJA 

VOH Output High Voltage IOW- 4OO ]JA 2.4 - - V 

VOL Output Low Voltage IOL =2 .1mA - - 0.4 V 

ICC VCC Supply Current - - - 40 rnA 

IPP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

VID A9 Auto Select Voltage - 1l.S 12.0 12.5 V 

A.C. PROGRAMr~ING CHARACTERISTICS (Ta=25± 5°C, VCC=6V= 0.25V, Vpp=12.SV± 0.5V) 

SYMBOL I P ARA.'1ETE R TEST CO~DITION I MIN. TYP. I MAX. I UNIT 

tAS I Address Setup Time - 2 - - IJS 

tAH Address Hold Time - 2 - - IJS 

tCES CE Setup Time I - 0 - - ns 

tCEH CE Hold Time - 0 - - ns 

tOES OE Setup Time - 2 - - IJS 

tDS Data Setup Time - 2 - - IJS 

tDH Data Hold Time - 2 - - \lS 

tvps Vpp Setup Time - 2 - - ]JS 

tvcs VCC Set up Time - 2 - - IJS 

tpw Initial Program Pulse l.Jidth CE=VIL, 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 10ns Max. 
Input Pulse Levels 0.4SV'C2.4V 
Timing Heasurement Reference Level Input D.SV and 2.2V, Output O.8V and 2.DV 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC57256AO-15, TC57258A0-20 

TItlING l'IAVEFORMS (PROGRA.'1) 

(Vee=6V±O.25V, Vpp=12.5V±O.5V) 

x >C 
~ - 'AR 

tpw , 
\ tOP'll V 'CER I '~ 

"----' I 

'DES 
~ 

tDEP 

" tDS 'DR tOE I 

00-07 11 n" ""~ I"- Ji D:JCJT VALID 
k' '-l 

I 

I 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 

,nth 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. 

\fuen 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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TC57256AD-15, TC57256AD-20 

IERASURE CHARACTER I STI csl 

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then intergrated does (ultraviolet light intensity [w/cm2] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w' secl cm2] • 
When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of lcm 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 does is 
12000 [~w/cm2] x (20x60) [sec] i!!15 [w' sec/cm2].) 
The TC57256AD'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. 

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. 

~ER) CE OE VPP VCC 00 ~07 
NODE (20) (22) (1) (28) (11~13, 15'019 

Read L L Data Out 
Read Operation 

Output Deselect ,~ H SV SV High Impedance 
(Ta=-40"v 85°C) 

Standby H * High Impedance 

Program L H Data In 
Program Operation Program Inhibit H H 12.SV 6V High Impedance 
(Ta=2S:: 5°C) 

Verify Program * L Data Out 

Note: H; VIR' L; VIL ' *; VIH or VIL 

IREAD MODEl 

PO\o.1ER 

Active 

Standby 

Active 

The TCS7256AD 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 selection. 
Assuming that CE=OE=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 of CE. 

IOUTPUT DESELECT r~ODEI 
Assuming that CE=VIH or OE=\'IH, the outputs will be in a high impedance st.ate. 
So two nr more TC57256AD'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. 
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TC57256AD-15, TC57256AD-20 

ISTANDBY i10DE! 

The TC57256.'.J 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 standby 
mode which reduce the operating current to 100lJA by applying NOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the OE inputs. 

I PROGRAr~ r·lODE I 

Initially, '~'hen received by customers, all bits of the TC57256AD 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 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 any location at any time either individually, 
sequentially, or at random. 

IPROGRAM VERIFY t·lODEI 

The verify mode is to check that desired data is correctly progr~~ed on the 
programmed bits. 
The verify is accomplished with OE at VIL -

Gilder the condition that the program voltage (+12.5\') is a?plied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being progra::L'":1ed. 
Programr;;ing of t,,70 or more TC57256AD'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. 

IHIGH 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 program
ming voltage (+12.5V) is applied to the Vpp 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. 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 
",ith Hidth of 3 times more than that needed for initial progra::l::ling is applied. 
Hhen progra::l::ling has been completed, the data in all addresses should be verified 
with VCC=Vpp=5V. 
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TC57256AO-15, TC57256AO-20 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADD::tESS -

NEXT ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF Imsec 

OR ONE PULSE OF 3X msec DURATION 

NG 

NO 

NG 
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TC5725&AO-15, TC572S&AO-20 

IELECTRIC SIGNATURE MODEl 

Electirc signature mode allows to read out a code from TC57256AD which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TC57256AD 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 

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 electirc signature of TC57256AD. 

~ 
AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (l3) (12) (11) DATA 

~lanuf ac ture Code VIL 1 0 0 1 1 0 0 0 98 

Device Corie VIR 1 I 1 0 0 0 1 0 0 C4 

Xotes: A9=12V±O.5V 

Al"'A8, AIO"'A14, CE, OE=VIL 

- H-53-



TC57256AD-15, TC57256AD-20 

OUTLWE DRAWINGS 

:37.7MAX. 

28 27 26 25 24 

1 :2 :3 4 5 678 9 W II U U H 

+0.15 
0.46 -0.10 

Note 1 

Unit in mm 

I ~ 15.24±0.:3 

1 .,>; 

I 
025-0.10 

. 17.41.!AX. 

~ 
I 

II ote :2 

Note 1. Each lead pitch is 2.54mm. All l~ads are located "~thin 0.25mm 

of their true longitudinal position with respect No.1 and No.2B. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

[DESCRIPTIONI 

TMM27512AO-17, TMM27512AO-20, TMM27512AO-25 
TMM27512AO-200, TMM27512AD-250 

The THM27512AD is a 65,536 words x 8 bits ultraviolet light erasable and electri
cally programmable read only memory. 
For read operation, the TMM275l2AD's access time is l70ns/200ns/250ns, and the 
TM}1275l2AD. operates from a single 5-volt power supply and has low power standby mode 
which reduces the 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 programming is achieved by using the high speed programming 
mode. The T~lli275l2AD is fabricated with the N-channel silicon double layer gate MOS 
technology. 

IFEATURESI Full static operation 

-17 1 -20 1 -25 -200 1-250 
VCC 5V±5% 5V±10% 

• High speed programming mode I, n 
• Inputs and outputs TTL compatible 
• Pin compatible with i275l2 

tACC 170ns 1200ns 1 250ns 200nsl250ns 

ICC2 l20mA l30mA 

• Standard 28 pin DIP cerdip package 

I BLOCK DIAGRAr.11 

ICCI 35mA 40mA Vpp GND Vee 00 01 02 03 04 05 06 07 

IPIN CONNECTION 1 

A15 Vee 

A12 AI4 AO 

AI3 Al 
A2 

A8 A3 
An A9 A4 
A4 All 

A5 
A6 

A3 OE/Vpp A7 
A2 AID A8 

Al CE A9 
AlO 

AO 07 All 
00 06 Al2 
01 05 A13 

AI4 
02 04 Al5 

GND 03 

If·1ODE SELECTION I 
IPIN NA~lES 

~ CE BE/Vpp Vce 00'0 07 
AO'V A15 Address Inputs MODE (20) (22) (28) (11'013,15'019) 

POWER 

00'0 07 Outputs (Inputs) Read L L Data Out 
CE Chip Enable Input Output Deselect * 5V High Impedance 

Active 
H 

-
Standby H * High Impedance Standby OutPu~program 

O'E/Vpp Enable Supply Program L VPP 6Vl) Data In 
Input Voltage Program Inhibit H VPP 2) High Impedance Active 

Vec 
Power Supply Program Verify L L 6.25V Data Out 
Voltage (+5V) 

GND Ground *: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING HODE n 
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TMM27512AD-17, TMM27512AD-20, TMM27512A1-25 
TMM27512AI-200, TMM27512AD-250 

~1AXI~IU~4 RATINGS 

SYMBOL ITEM RATING 

VCC VCC Power Supply Voltage -0.6 'V 7.0 

VPP Program Supply Voltage -0.6 'V 14.0 

VIN Input Voltage -0.6 'V 7.0 

VItO Input/Output Voltage -0.6 'V 7.0 

PD Power Dissipation 1.5 

TSOLDER Soldering Temperature' Time 260 • 10 

TSTG Storage Temperature -65 'V 125 

TOPR Operating Temperature o 'V 70 

READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 

UNIT 

V 

V 

V 

V 

W 

·C • sec 

·C 

·C 

SYMBOL PARAMETER TMM275l2AD-17/20/25 TMM275l2AD-200/250 

Ta Operating Temperature o 'V 70·C o 'V 70·C 

VCC VCC Power Supply Voltage 5V±5% 5V±10% 

DC AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'V VCC - - ±10 IJA 

ILO Output Leakage Current VOUT=0.4'V VCC - - ±IO IJA 

-17/20/25 - - 35 
ICCI Supply Current (Standby) CE=VIH rnA 

-200/250 - - 40 

-17/20/25 - - 120 
ICC2 Supply Current (Active) CE=VIL rnA 

-200/250 - - 130 

VIR Input High Voltage - 2.0 - VCC+1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH=-4OOIJA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

IpPl Vpp Current Vpp=O'V VCC+O. 6 - - ±10 IJA 
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TI127512AO-17, TIM27512AO-28, T1127512AB-25 
TI127512AO-200, TI127512AO-250 

AC CHARACTERISTICS 
n1M2 7 512AD-17 THH27512AD-20/200 TMH27512AD-25/250 

SYMBOL PARAMETER UNIT HIN. HAX. HIN. MAX. HIN. HAX. 

tACC Address Access Time - 170 - 200 - 2S0 ns 
- -- f-----

tCE CE to Output Valid - 170 - 200 - 250 ns 
tOE DE to Output Valid - 70 - 70 - 100 ns 

tDFl CE to Output in High-Z 0 60 0 60 a 90 ns 

tDF2 OE to Output in High-Z 0 60 0 60 0 90 ns 

tOH Output Data Hold Time 0 - 0 - 0 - ns 

AC TEST CONDITIONS 
Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.45V<o 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

CAPACITANCE " (Ta=2S"C. f=lMHz) 

S\11BOL PARAMETER TEST CONDITION !lIN. 

eINl Input Capacitance VIN=OV -
CIN2 ITE/Vpp Input Capacitance VIN=OV -
COUT Output Capacitance VOUT=OV -

" Thls parameter lS perlodically sampled and is not 100% tested. 

TIf1 I NG WAVEFORr'1S (READ) 

OE 

HIGH Z 
00-07------~~--------(\ 
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TYP. HAX. UNIT 

4 6 pF 

50 60 pF 

8 12 pF 



TMM27512AO-17, TMM27512AO-20, TMM27512AO-25 
TMM27512AO-200, TMM27512AD-250 

PROGRN1 OPERATION (HIGH SPEED PROGRAMMING MODE I) 

DC REcor~r1ENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. 
VIR Input High Voltage 2.0 

VIL Input Low Voltage -0.3 

VCC VCC Power Supply Voltage 5.75 

VPP VPP Power Supply Voltage 12.0 

TYP. 

-
-

6.0 

12.5 

MAX. UNIT 

VCC+1.0 V 

0.8 V 
6.25 V 

13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6VtO.25V, Vpp=12.5VtO.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'V VCC - - no jJA 

VOH Output High Voltage IOW-4OOjJA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

ICC VCC Supply Current - - - 130 rnA 

IpP2 VPP Supply Current Vpp=13.0V - - SO rnA 

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=l2.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tAS Address Setup Time - 2 - -
tAH Address Hold Time - 2 - -
tOES OE/Vpp Setup Time - 2 - -
tOEH OE/Vpp Hold Time - 2 - -
tpRT OE/Vpp Pulse Rise Time - 50 - -
tDS 

--c--
2 Data Setup Time - - -

tDH Data Hold Time - 2 - -
tVR TIE/Vpp Recovery Time - 2 - -
tvcs VCC Setup Time - 2 - -
tpw Initial Program Pulse Width CE=VIL, OE/Vpp=Vpp 0.95 1.0 1.05 

topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 

tDV Data Valid from CE OE/VPP=VIL - - 1 

tDF CE to Output in High-Z OE/VpP=VIL - - 130 

AC TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 
• Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.45V'V 2.4V 
• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

UNIT 
jJS 

jJs 

jJs 

jJs 

ns 
jJS 

jJs 

jJs 
jJS 

ms 

ms 

jJS 

ns 

Note 1: The length of the overprogram pulse may vary as a function of the counter value 
X. 
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TIM27512ID-17, TI127512AD-20, TIM2751210-25 
TlI27512ID-200, T .. 2751210-250 

PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE ll) 

DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. 
VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.3 

VCC VCC Power Supply Voltage 6.0 

VPP Vpp Power Supply Voltage 12.5 

TYP. MAX. UNIT 

- VCc+l.O V 

- 0.8 V 

6.25 6.5 V 
12.75 13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O'V VCC - - ±10 j.lA 

VOH Output High Voltage IOH=-400j.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 
ICC VCC Supply Current - - - 130 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±O.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 
tOES ITE/vpp Setup Time 

tOEH OE/Vpp Hold Time 

tpRT OE/Vpp Pulse Rise Time 

tDS Data Setup Time 

tDH Data Hold Time 

tVR OE/Vpp Recovery Time 

tvcs VCC Setup Time 
tpw Program Pulse Width 

tDV Data Valid from CE 

tDF CE to Output in High-Z 

AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TEST CONDITION 

-
-
-
-
-
-
-
-
-

CE=VIL, OE/Vpp=Vpp 

OE/VpP=VIL 
OE/VpP=VIL 

1 TTL Gate and CL (lOOpF) 

IOns Max. 

0.45V'V 2.4V 

MIN. 

2 

2 
2 

2 
50 

2 

2 

2 
2 

0.095 

-
-

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -

0.1 0.105 

- 1 

- 130 

Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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UNIT 

j.lS 

j.lS 
j.lS 

j.lS 

ns 
j.lS 

j.ls 
j.lS 

j.ls 

ms 

j.ls 

ns 



TMMZ7512AD-17, TMI27512AO-20, TMMZ7512AD-25 
TMM27512AO .. 200, TMM27512AD-250 

TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE IT (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-A1B x K= 
I-"'-~ 

tVR tAH 

topw / 
tpRT tOES ~ 

I 

OE/V pp II \ 
tDS tDH tDV pr;. 

00-07 J 
DIN STABLE 

I\. 
DOUT VALID 1\ 

'\ lL 

tvcs 
PROGRAM PROGRAM VERIFY I 

Vee 

Note 1. Vee must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vp:', 

2. Removing the device from socket and setting the device in socket with 

Vpp=12.5±O.5V or Vpp=12.75±O.25V 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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TMIZ7512AO-17, TMIZ7512AD-28, TM1Z7512AO-25 
TMM27512AO-208, TMIZ7512AD-250 

ERASURE CHARACTERISTICS 
The TMM27Sl2AD's erasure is achieved by applving shortwave ultraviolet light which 
has a wavelength of 2S37A (Angstroms) to the- chip throu~h the transparent window. 
Then integrated dose (ultraviolet light intensity [w/cm ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w.sec/cm2]. 
When the Toshiba sterilizing lamp GL-IS is used and the device is exposed at a dis
tance of lcm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [ww/cm2] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [flw/cm2] x (20 x 60) [sec] '" 15 [w.sec/cm2].) 
The TMM27Sl2AD's erasure begins to occur when exposed to light with wavelength 0 

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 EPROH Protect Seal AC90l-are available. 

OPERATION INFORMATION 
The TMM27Sl2AD's six operation modes are listed in the following table. 
Hode selection can be achieved by applying TTL level signal to all inputs. 

------------~ NAHES (NUHBER) CE OE/Vpp VCC OO~ 07 
~IODE --------- (20) (22) (28) (1l~13, 15 ~ 19) 

Read L L Data Out 
Read Operation 

Output Deselect ,'" H SV High Impedance 
(Ta=O'\, 70°e) 

Standby H * High Impedance 

Program Operation Program L Vpp 6VI) Data In 

(Ta=2S±SOC) 
Program Inhibit H VPP 2) High Impedance 

6.2SV 
Program Verify L L Data Out 

POWER 

Active 

Standby 
--

Active 

Note: H; VIH, L; VIL, *; VIH or VIL 1); HIGH SPEED PROGRAMMING HODE I 
2); HIGH SPEED PROGRAMMING MODE li 

READ 110DE 

The TMM27Sl2AD 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 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 of OE. 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 

OUTPUT DESELECT MODE 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TMM27512AD'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 MODE 
The TMM275l2AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM275l2AD is placed in the standby 

mode which reduce 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAr~ MODE 
Initially, when received by customers, all bits of the TMM275l2AD are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit loca

tions by electrically programming. 

The TMM275l2AD is in the programming mode when the OE/Vpp input is at l2.5V or l2.75V 

and CE is at TTL-Low level. 

The TMM27512AD 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 program

med bits. 

The verify is accomplished with OE/Vpp at VIL and CE at VIL. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage{12.5V or 12.75V) is applied to Vpp terminal, 

a TTL high level CE input inhibits the TMM27512AD from being programmed. 

Programming of two or more TMM275l2AD's in 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. 
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TMM27512AD-17, TMM27512AO-20, TMM27512AO-25 
TMM27512AO-200, TMM27512AO-250 

HIGH SPEED PROGRAr1~lING HODE I 

This high speed programming mode I is performed at VCC=6.aV and OE/Vpp=12.5V. 

The progra~ming 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 

pulse width 3 times that needed for initial programming is applied. 

~men programming has been completed, the data in all addresses should be verified 

with VCC=5V. 

HIGH SPEED PROGRAt~t~ING ~10DE IT 

The program time can be greatly decreased by using this high speed programming mode IT. 

This high speed programming mode IT is performed at VCC=6.25V and OE/Vpp=12.75V. 

The programming is achieved by applying a single TTL low level a.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 O.lms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

~en programming has been completed, the data in all addresses should be verified 

with VCC=5V. 
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TMM27512AO-17, TMM27512AI-20, TMM27512AO-25 
TMM27512AD-200, TM.7512AD-250 

HIGH SPEED PROGRAr-lI<1IUG 1'100E I FLOW CHART 

ADDRESS 
= NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imeec 
OR ONE PULSE OF 3X ~eec DURATION 

NO 
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TM.7512AU-17, TM.7512Ag-21, TMM27512AU-25 
TMM27512AD-2II, TM.7512AD-258, 

HIGH SPEED PROGRAl·II,lING r,mDE II FLOW CHART 

NG 

NO 

NG 
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TMMZ7512AO-17, TMM27512AO-20, TMM27512AO-25 
TMM27512AO-200, TMM27512AO-250 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from T~~275l2AD which identifies 

its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM275l2AD 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 following table shows electric signature of TMM275l2AD. 

~~PINS AO 07 06 as 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 a a 0 98 

Device code VIR 0 0 0 1 0 1 0 1 15 

Note: A9=12V±0.5V 

Al'UA8, AlO'UA15, CE, OE=VIL 
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OUTLINE DRAWINGS 

28 

RO.64 

1 

TMM27512AO-17, TMM27512AO-20, TMM27512AO-25 
TMM27512AO-200, TMM27512AD-250 

Unit in rnm 
37.7MAX. 

8.9TYP. 

l 1r LZ4IO.3 -\1 

-0.15 
I o.2~-O.lO 

I 1 -4MAX. .1 
!~c te 2 

Note 1. Each lead pitch is 2.S4mm. All leads are located within O.2Srnm 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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TMM27512AO-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AO-200, 1MM27512AD-250 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM27512ADI-20, TMM27512ADI-25 

I DESCRIPTION I 
The TMM275l2ADI is a 65,536 words x 8 bits ultraviolet light erasable and electri

cally programmable read only memory. 
For read operation, the n~127512ADI's access time is 200ns/250ns, and the ~ill27512ADI 
operates from a single 5-volt power supply and has low power standby mode which re
duces the power dissipation without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the EE input. 
For program operation, the programming is achieved by using the high speed program
ming mode. The ~!27512ADI is fabricated with the N-channel silicon double layer gate 
MaS technology. 

I FEATURES I 
-20 I -25 

VCC 5V±10% 
tACC 200ns I 250ns 
ICC2 l30mA 
ICCI 40mA 

• Wide operating temperature 
range: -40"'85°C 

I P IN CONNECTION I (TOP VIm) 

A15 Vee 
AI2 AI4 

A7 AI3 
A6 A8 
AS A9 
A~ All 
A3 OE/Vpp 
A2 AIO 
_\I CE 
AD 07 
00 06 
01 05 
02 04 

GND 03 

Full static operation 
• High speed programming mode I, IT 
• Inputs and outputs TTL compatible 

Pin compatible with i27512 
Standard 28 pin DIP cerdip package 

\ BLCOK 0 IAGRAH I 

AO 
Al 
A2 
A3 
.'1.4 
A5 
.'1.6 
A7 
AS 
A9 

AID 
All 
,-\12 
A13 
A14 
.'.15 

vpp GND vee 00 01 02 03 04 05 06 07 

65.536x8 bits 

IPIN NAMES I 
[~10DE SELECTION 1 

~ CE OE/Vpp Vee 00'" 07 
AO", Al5 Address Inputs NODE ' (20) (22) (28) (11",13,15"'19) POl-lER 

00'" 07 OutputS (Inputs) Read L L Data Out 

CE ehip Enable Input Output Deselect * H 5V High Impedance 

outpuV Program 
Standby H * High Impedance Standby 

OE/Vpp Enable Supply Program L VPP 6Vl) Data In 
Input Voltage Program Inhibit H VPP High Impedance Active 

2) 
Vee 

Power Supply 
Vol tage (+5V) Program Verify L L 6.25V Data Out 

GND Ground *: H or L 1): HIGH SPEED PROGRAHNING HaDE I 
2) : HIGH SPEED PROGRANNING NODE IT 
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TMM27512ADI-20, TMM27512ADI-25 

MAXIMU~1 RATINGS 

SYNBOL 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 • Time 260 . 10 °C·sec 

TSTG Storage Temperature -65 '0125 °C 

TOPR Operating Temperature -40 '085 °c 

READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 

SYNBOL PARANETER TMM27S12ADI-20/25 

Ta Operating Temperature -40",85°C 

VCC VCC Power Supply Voltage SV±5% 

DC AND OPERATING CHARACTERISTICS 

SYNBOL PARMETER CONDITION NIN. TYP. HAX. UNIT 

ILl Input Current VIN=O '" VCC - - ±10 Il A 

110 Output Leakage Current VOUT=0.4", V CC - - ±IO ).JA 

ICCI Supply Current (Standby) CE=VIH - - 40 rnA 

ICC2 Supply Current (Active) CE=VIL - - 130 rnA 

VIH Input High Voltage - 2.2 - VCC+1.0 V 
VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage I OH=-400).JA 2.4 - - V 

VOL Output Lo,,, Voltage I OL=2.lmA - - 0.4 V 
IpF! Vpp Current Vpp=O", V CC+O. 6 - - ±10 ).JA 
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AC CHARACTERISTICS 

SYMBOL PARAHETER 

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 High-Z 

tOR Output Data Rold Time 

AC TEST CONDITIONS 
Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Neasurement Reference Level 

CAPACITANCE * (Ta=25°C, f=UIHz) 

SYl1BOL PARAHETER 
CINI Input Capacitance 

CIN2 OE/Vpp Input Capacitance 
COUT Output Capacitance 

TMM27512ADI-20, TMM27512ADI-25 

TMM275l2ADI-20 

NIN. MAX. 

- 200 

- 200 

- 70 

0 60 

0 60 

0 -

1 TTL Gate and CL=lOOpF 

IOns Max. 

0.45V'" 2.4V 

TMN275l2ADI-25 
UNIT 

MIN. MAX. 

- 250 ns 

- 250 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 - ns 

Inputs O.8V and 2.0V, Outputs 0.8V and 2.0V 

TEST CO@ITION NIN. TYP. MAX. UNIT 
VIWOV - 4 6 pF 

VIN=OV - 50 60 pF 

VOUT=OV - 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

nf4ING WAVEFORt'1S (READ) 

AO-A!5 

HIGH Z 00-07 
HIGH Z 

DATA ()l;TPliTS 
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TMM27512ADI-20, TMM27512ADI-25 

PROGRAM OPERATION (HIGH SPEED PROGRMlMING MODE I) 

DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. TYP. MAX. 

2.2 - VCc+l.O 
-0.3 - o.a 

5.75 6.0 6.25 

12.0 12.5 l3.0 

DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±0.25V, Vpp=12.5V±0.5V) 

SYHBOL PARAMETER TEST CONDITION MIN. TYP. 

IU Input Current VI~O "-VCC - -
VOH Output High Voltage I OH--400]JA 2.4 -
VOL Output LOI" Voltage I OL=2.lrnA - -

ICC VCC Supply Current - - -
IpP2 Vpp Supply Current Vpp=13.0V - -

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.Z5V, Vpp=lZ.5V±0.5V) 

SYNBOL 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 

tDS Data Setup Time 

tDH Data Hold Time 

tVR OE/Vpp Recovery Time 

tves Vec Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Ividth 

tDV Data Valid from CE 

tDF CE to Output in High-Z 

AC TEST CONDITIONS 
Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

TEST CONDITION MIN. 

- Z 

- Z 

- 2 

- 2 

- 50 

- Z 

- 2 

- 2 

- Z 

CE=VIL, OE/Vpp=Vpp 0.95 

Note 1 2.a5 

OE/VpP=VIL -
OE/VPP=VIL -

I TTL Gate and CL (IOOpF) 
IOns Hax. 
0.45V"- 2.4V 

TYP. 

-
-
-
-
-
-
-
-
-

1.0 

3.0 

-
-

MAX. 

±l0 

-
0.4 

130 

50 

MAX. 

-
-
-
-
-
-
-
-
-

1.05 

tJa.75 

1 

130 

UNIT 

V 

V 

V 

V 

UNIT 

]JA 

V 

V 

rnA 

rnA 

UNIT 

]Js 

]Js 

]JS 

]JS 

ns 

]JS 

]JS 

]Js 

]Js 

ms 

ms 

]JS 
ns 

Timing Neasurement Reference Level Input o.av and 2.0V, Output o.av 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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TMM27512AOI-20. TMM27512AOI-25 

PROGRAH OPERATION (HIGH SPEED PROGRAMMING HODE II) 

DC REcml~lENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UIIIT 
VIH Input High Voltage 2.2 - VCc+l.O V 
VIL Input Low Voltage -0.3 - 0.8 V 
VCC VCC Power Supply Voltage 6.0 6.25 6.5 V 
Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 V 

DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYNBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'VVCC - - ±10 \1A 

VOH Output High Voltage I OH--400).lA 2.4 - - V 
VOL Output Low Voltage I OL=2.lrnA - - 0.4 V 
ICC VCC Supply Current - - - 130 rnA 

IpP2 VPP Supply Current Vpp-13.0V - - 50 rnA 

AC PROGRArlMING CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±0.25V, Vpp=12.7SV±0.25V) 

SYHBOL PARAMETER 

tAS Address Setup Time 
tAl:! Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold time 

tPRT OE/Vpp Pulse Rise Time 

tDS Data Setup Time 

tDH Data Hold Time 

tVR OE/Vpp Recovery Time 

tvcs VCC Setup Time 

tp\~ Program Pulse Ihdth 
tDV Data Valid from CE 
tDF CE to Output in High-Z 

AC TEST CONDITIONS 
Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Heasurement Reference Level 

TEST CONDITION MIN. 

- 2 

- 2 

- 2 

- 2 

- 50 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OE/Vpp=Vpp 0.095 
OE/VpP=VIL -
OE/VpP=VIL -

1 TTL Gate and CL (lOOpF) 

IOns Nax. 

0.45V'V2.4V 

TYP. MAX. UNIT 

- - \1s 

- - \1s 

- - \1S 

- - \1S 

- - ns 

- - \1S 

- - \1S 

- - \1S 

- - \1S 

0.1 0.105 ms 

- 1 \1s 

- 130 ns 

Input O.8V and 2.0V, Output O.8V and 2.0V 
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TMM27512ADI-20, TMM27512ADI-25 

TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I 

HIGH SPEED PROGRAMMING MODE IT 

(Vee=6V±O.25V, Vpp=12.5V±O.5V) 

(Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-AI5 )< K= 
tAS tVR tAH r-=-- tPlV 

~ ~ / 
tpRT tOES ~ 

OE/Vpp V \ 
Ie.. 

tDS tDH tDV ~ 
00-07 ~ DIN STABLE I\. ./ DOUT VALID 

It 

I 

Vee 
tvcs 

PROGRA.\I PROORUf 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=12.5±O.5V or Vpp=12.75±O.25V 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. 

IVhen 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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TMM27512AD1-2D, mM27512ADI-25 

ERASURE CHARACTERISTICS 

The 11~127512ADI'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/cmf] x exposure time [sec.]) for 
erasure should be a minimum of 15 [~, .sec/ cm2 ]. 
~~en the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis
tance of lcm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm2] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [llw!cm2] x (20 x 60) [sec 1 .::.15 [w.sec/cm2].) 
The T~fr[27512ADI's erasure begins to occur when exposed to light with wavelength 
shorter than 4000A. The sunlight and t:he florescent 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. 

OPERATION INFOR~IATION 

The 11~!2751ZADI's six operation modes are listed in the following table. 
Hode selection can be achieved by applying TTL level signal to all inputs. 

~) CE OE/Vpp VCC 00'" 07 
NODE (20) (Z2) (Z8) (11",13,15",19) 

Read L L Data Out 

Read Operation Output Deselect 1: H 5V High Impedance 
(Ta=O '" 70 ° C) Standby H .,< High Impedance 

Program L Vpp 6Vl) Data In 
Program Operation Program Inhibit H Vpp High Impedance 
(Ta=Z5±5°C) 6.Z5V2) 

Program Verify L L Data Out 

POHER 

Active 

Standby 

Active 

Note: H; VIH, L; VIL, ,~; VIH or VIL 1); HIGH SPEED PROGRAHMING HaDE I 
2); HIGH SPEED PROGRANMING HaDE II 

READ r·l0DE 

The TI!}[Z751ZADI has t~,o control functions. The chip enable (CE) controls the operation 
po~,er 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 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. 
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TMM27512ADI-20, TMM27512ADI-25 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TMM27512ADI'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 MODE 

The TMM27512ADI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512ADI is placed in the standby 

mode which reduces 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512ADI are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "D's" data into the desired bit 

locations by electrically programming. 

The TMM27512ADI is in the programming mode when the OE/Vpp input is at l2.SV or l2.7SV 

and CE is at TTL-Low level. 

The TMM27512ADI 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 program

med bits. 

The verify is accomplished with OE/Vpp at VIL and CE at VIL • 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.SV or l2.7SV) is applied to Vpp 

terminal, a TTL high level CE input inhibits the TMM27512ADI from being programmed. 

Programming of two or more TMM27512ADI' s in 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. 
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TI127512401-20, 1I127512AOI-25 

HIGH SPEED PROGRAMMING MODE I 
This high speed programming mode I is performed at VCC=6.aV and OE/Vpp=12.5V. 

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 

pulse 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=5V. 

HIGH SPEED PROGRAMMING MODE II 
The program time can be greatly decreased by using this high speed programming mode n. 
This high speed programming mode n is performed at VCC=6.25V and OE/Vpp=12.75V. 

The programming is achieved by applying a single TTL low level a.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 O.lms is applied and 

then the 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=5V. 
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TMM27512ADI-20, TMM27512ADI-25 

HIGH SPEED PROGRAMfH NG MODE I FLOH CHART 

ADDRESS 
=1iEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DUR~TION 

NO 
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•• 27512181-20, •• 7512181-25 

HIGH SPEED PROGRM1MING MODE IT FLOW CHART 

NG 
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TMM27512ADI-20, TMM27512ADI-25 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM275l2ADI which identifies 

its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

llill275l2ADI by using this mode before programming operation and automatically setting 

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 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 lllli275l2ADI. 

~ 
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 0 ° 0 1 0 1 0 1 15 

Note: A9~12V±O.5V 

Al'VA8, AlO'VA15, CE, OE~VIL 
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TMM27512ADI-20, TMM27512ADI-25 

OUTLINE DRAWINGS 

37.7MAX. 

RO.54 

1 234 5 5 7 B 9 W II D m K 

2.54±0.25 1.:3±0.25 

+0.15 
0.46-0.10 

Note 1 

Unit in rmn 

..,0 >< '" ........ :i .. 00 
+1 .. ., 

r-: 0 .., .... z 
~ 
0 

~ 

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25rmn of 

their true longitudinal position \vith 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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TOSHIBA MOS MEMORY PRODUCTS 
TC57512AD-15, TC57512AD-20 

IDESCRIPTIONI 

The TC575l2AD is a 65,536 word x 8 bit CMOS ultraviolet light erasable and electrically 
programmable read only memory. For read operation, the TC575l2AD's access time is 
l50ns/200ns, and the TC575l2AD operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE inptit. 
i\dvanced CNOS technology reduces the maximum active current to 30mA/6. 7~lI1z and standby 
current to lOOIlA. For program operation, the programming is achieved by using the high 
speed programming mode. For program operation, the programming is achieved by using 
high speed programming mode. TC575l2AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MaS technology. 

IFEATURESI 

Peripheral circuit: CMOS 
N-MOS Memory cell 

• Fast access time: 
TC57512AD-lS l50ns 
TC57Sl2AD-20 200ns 

Low power dissipation 
Active: 30mA/6.7MHz 
Standby: 1001lA 

I PIN CONN ECTI Qill (TOP VI EW) 

AI5 

AD 
00 
01 
02 

ONll 

Vee 
Al4 
Al3 
AS 
A9 
AI I 

OE/VPI' 
AID 
eE 
07 

IPIN NAr1ESI 
AD '\, i\lS Address Inputs 
00'" 07 Outputs (Inputs) 

CE Chip Enable Input 

OE/Vpp 
outPU! Program 
Enable Supply 
Input Voltage 

VCC Power Supply 
Voltage (+SV) 

GND Ground 

• Full static operation 
• High speed programming mode I, n 
• Inputs and outputs TTL compatible 

Standard 28 pin DIP cerdip package 

IBLOCK DIAGRAMI 

VI'/' OND Vee 00 01 02 03 04 05 06 07 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

AID 
All 
AI2 
AI3 
AI4 
AI5 

IMODE SELECTIONI 

~~ MODE 
Read 
Output Deselect 
Standby 
Program 
Program Inhibit 
Program Verify 

CE OE/Vpp 
(20) (22) 
L L 
1, H 
H * 
L Vpp 
H VPP 
L L 

VCC OO'\, 07 
(28) (11'\,13.lS'\,19) 

Data Out 
5V High Impedance 

High Impedance 

6Vl ) Data In 

2) High Impedance 
6.25V Data Out 

,~: II or L 1): IIIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE n 
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TC57512AO-15, TC57512AO-20 

I MAXU1UM RATINGS I 
SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6'0 7.0 V 

Vpp Program Supply Voltage -0.6'0 14.0 V 

VIN Input Voltage -0.6'07.0 V 

VIla Input/Output Voltage -0.6'VVCC+O.5 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature· Time 260· 10 ·C·sec 
c-------~-

TSTG Storage Temperature -65'0 125 ·C 

TOPR Operating Temperature -40'0 85 ·C 

I READ OPEnATION I 
D.C. AND A.C. RECONMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TCS7S12AD-lS/TCS7S12AD-20 

Ta Operating Temperature -40 'V 8S·C 

VCC VCC Power Supply Voltage SV±5% 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYI'. MAX. UNIT 

ILl Input Current VIN=(' '" Vce - - flO IlA 
,--

ILO Output Leakage Current VOUT=0.4 'V Vec - - flO IlA 

ICCOI CE=OV f=6.7MHz - - 30 
Operating Current rnA 

ICC02 IOUT=OmA f=lMHz - - 10 
---~ 

ICCS1 CE=Vm - - 1 rnA 

ICCS2 
Standby Current 

CE=VCC-0.2V 100 IlA - -
VIH Input High Voltage - 2.2 - VCC+O·3 V 

VIL Output Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH=-400IlA 2.4 - - V 
-~--

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

IpPI Vpp Current Vpp=O'V VCC+O.6 - - ±10 Il A 
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TC57512AO-15, TC57512AO-20 

A.C. CHARACTERISTICS 
TC575l2AD-15 TC575l2AD-20 

SYHBOL PARAMETER TEST CONDITION UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time CE=OE=VIL - 150 - 200 ns 

tCE CE to Output Valid OE=VIL - 150 - 200 ns 

tOE OE to Output Valid CE=VIL - 70 - 70 ns 

tDFl CE to Output in High-Z OE=VIL 0 60 0 60 ns -
tDF2 OE to Output in High-Z CE=VIL 0 60 0 60 ns 

tOil Output Data Hold Time CE=OE=VIL 0 - 0 - ns 

A.C. TEST CONDITIONS 

Output Load 1 TTL Gate and CL=100pF 

• Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.45V'\, 2.4V 

• Timing Heasurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE *(Ta=25·C, f=IMHz) 

SYNBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
CINI Input Capacitance VIN=OV - 4 6 pF 

CIN2 iJE/Vpp Input Capaci:ance V IW'OV - 50 60 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 
'" This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

AO-A15 

teE 

JlIG/1 Z II! GIl Z 
OO-{)7 DATA OUTPtl!'S 
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TC57512AD-15, TC57512AD-20 

IHIGH SPEED PROGRAM MODE II 

DC RECm1MENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 V 
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±0.25V, Vpp=12.5V±0.5V) 
SYHROL PARAMETER TEST eONDITTON MIN. TYP. ~lAX. UNIT 

ILl Inp.lIt Current VIN=O'" Vee - - ±10 IlA 

VOIl Output High Voltage IOW-4OOIl A 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

ICC Vee Supply Current - - - 30 rnA 

IpP2 Supply -VpP.=13.0V---------- 50 rnA Vpp Current - -

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vce=6V±0.25V, Vpp=12.5V±0.5V) 
SYHBOL PARAMETER TEST CONDITION HIN. TYP. HAX. UNIT 

tAS Address Setup Time 

tAH Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold Time 

tpRT OE/Vpp Pulse Rise Time 
tDS Data Setup Time 

tDH Data Hold Time 

tVR OE/Vpp Recovery Time 

tvcs Vec Setup Time 

trw Initial Program Pulse Width 

tOPH Overprogram Pulse Width 

tDV Data Valid from CE 

tDF CE to Output in High-Z 

AC TEST CONDITIONS 
Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 
Timing Measurement Reference Level: 

- 2 

- 2 

- 2 

- 2 

- 50 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OEIVpp=Vpp 0.95 

Note 1 2.85 

OE/VpP=VIL -
OE/VpP=VIL -

1 TTL Gate and CL (IOOpF) 
IOns Max. 
0.45V'" 2.4V 

- -
- -
- -
- -
- -
- -
- -
- -
- -

1.0 1.05 

3.0 78.75 

- 1 

- 130 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: TIle length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC57512AO-15, TC57512AD-20 

IHIGH SPEED PROGRAM MODE ITI 

DC RECOMMENDED OPERATING CONDITIONS 
SYNBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCc+l. O V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 6.0 6.25 6.5 V 
VPP VPP Power Supply Voltage 12.5 12.75 13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25±5·C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O '" VCC - - flO IlA 

VO II Output High Voltage IOH=-4OOIlA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

ICC VCC Supply Current - - 30 rnA 
IpP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYHBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - IlS 

tAH Address Hold Time - 2 - - IlS 

tOES OE/Vpp Setup Time - 2 - - Il s 
tOEH OE/Vpp Hold Time - 2 - - IlS 
tpRI OE/Vpp Pulse Rise Time - 50 - - ns 

tos Data Setup Time - 2 - - IlS 

tOH Data Hold Time - 2 - - IlS 

tVR OE/Vpp Recovery Time - 2 - - IlS 

tvcs VCC Setup Time - 2 - - Il s 

tpw Program Pulse Width CE=VIL' OE/Vpp=Vpp 0.095 0.1 0.105 IllS 

tov Data Valid from CE OE/VpP=VIL - - 1 J1S 

tDF CE to Output in High-Z OE/VpP=VIL - - 130 ns 

AC TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (100pF) 

• Input Pulse Rise and Fall Times 10ns Max. 

• Input Pulse Levels 0.45V'V 2.4V 

Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TC57512AO-15, TC57512AO-20 

THWIG WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE IT (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-AI5 x c 
~lt:V 

tVII tAli 

topw / 
tl'lI1' tOES ~ 

OE/Vp p / \ 
t IlS tUi tllV ~ 

OO-Q7 IJIN STABLE <I: 1l00J'r VAI,11l I'\. 
IL 

Vee tves I'IIOGRAM PHOGIlAM VERIFY 

Note 1. Vee must be applied simultaneousiy or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 

Vpp=l2.5±O.5V or Vpp=l2.75±O.25V 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 ~hould not be exceeded 14V. 
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TC57612AO-15, TC57512AD-28 

IERASURE CHARACTERISTICsl 
The TC575l2AD's erasure is achieved by applying shortwave ultraviolet light which has 

a wavelength of 2537A (Angstroms) to the chip through the transparent window. Then 

intergrated does (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 lcm 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 does is 12000 [lJw/ cm2 ] x (20 x 60) [sec] III 15 

[w.sec/cm2J.) The TC575l2AD's erasure begins to occur when exposed to light with 

wavelength shorter than 4000A. The sunlight and the flourescent lamps will include 
o 

3000 'V 4000A wavelength components. Therefore when used under such lighting for ex-

tended periods of time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available. 

IOPERATION INFORMATIONI 
The TC575l2AD's six operation modes are listed in the following table. 

Hade selection can be achieved by applying TTL level signal to all inputs. 

~R) CE OE" Vpp VCC 00'" 07 
HODE (20) (22) (1) (28) (11 '" 13, 15'" 19) 

Read L L Data Out 
Read Operation 

Output Deselect * H 5V 5V High Impedance 
(Ta='-40 '" 85°C) 

Standby H * High Impedance 

Program Operation 
Program L H 

12.5/) 6i) Data In 

Program Inhibit H H 
2) 

High Impedance 
(Ta=25±5°C) 

Program Verify * L l2.75V2) 6.25V Data Out 

1); HIGH SPEED PROGRAM MODE I 
Note: H; VIH' L; VIL, *; VIH or VIL, 2); HIGH SPEED .PROGRAM MODE n 

lREAD MODEl 

POHER 

Active 

Standby 

Active 

The TC57512AD 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 selection. Assuming that CE=OE=VIL, the output 

data is valid at the outputs after address access time from stabilizing of all ad

dresses. 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. 
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TC57512AD-15, TC57512AD-ZO 

'OUTPUT DESELECT MODEl 

Assuming that C"E=V1H or 0"E=V1H , the outputs will be in a high impedance state. So two 

or more TC575l2AD's can be connected together on a common bus line. When CE is decode 

for device selection, all deselected devices are in low power standby mode. 

'STANDBY MODEl 
The TC575l2AD has a low power standby mode controlled by the CE signal. By applying 

a high level to the CE input, the TC575l2AD is placed in the standby mode which re

duce the operating current to 100~A by applying MOS-high level (Vec) and then the 

outputs are in a high impedance state, independent of the OE inputs. 

'PROGRAM MODEl 
Initially, when received by customers, all bits of the TC575l2AD 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 TC57512AD is in the 

programming mode when the OE/Vpp input is at l2.5V or 12.75V and CE is at TTL-Low 

level. The TC57512AD can be programmed any location at any time either individually, 

sequentially. or at random. 

IPROGRAM VERIFY MODEl 

The verify mode is to check that desired data is correctly programmed on the pro

grammed bits. The verify is accomplished with OE/Vpp at VIL and CE at VIL. 

'PROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+12.5V or +12. 75V) is applied to Vpp 

terminal, a high level CE input inhibits the TC575l2AD from being programmed. 

Programming of two or more TC575l2AD's in parallel with different data is easily ac

complished. 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. 
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TC57512AD-15, TC57512AD-20 

IHIGH SPEED PROGRAM MODE II 
This high speed programming mode I is performed at VCC=6.0V and OE/Vpp=12.5V. 

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 

pulse 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=5V. 

~ SPEED PROGRAM MOD~~ 
The program time can be greatly decreased by using this high speed programming mode 

IT. This high speed programming mode II is performed at VCC=6. 2SV and OE/Vpp=12. 7SV. 

The programming is achieved by applying a single TTL low level O.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 O.lms is applied and 

then the 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=SV. 
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TC57512AO-15, TC57512AO-20 

I HIGH SPEED PROGRAM MODE I I 
FLOW CHART 

AIJIlIlF:S S 
=-NF.XT AflflllESS 

NO 

OVEIIPIlOUltAM 3X PULSES OF Imsec 
011 om: I'II),SB OF 3X msec flUltATJON 

NO 
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IHIGH SPEED PROGRAM MODE nl 
FLOW CHART 

NO 

NO 
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TC57512AO-15, TC57512AO-20 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TC57Sl2AD which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TCS75l2AD 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 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 NSB (07). 

The following table shows electric signature of TC57Sl2AD. 

~ 
AO 07 06 OS 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 a a a a 1 a 1 85 

Notes: A9=12V±a.5V 

At'" A8. Ala'" AlS. CEo OE=VIL 
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IOUTLINE DRA~IINGSI 

37.7 MAX. 

8.9 TYP. 

28 

nO.64 

Note 1 

15 

It 10 0.0 

+0.1 5 
0.4 6 - 01 0 

14 

Note 1. Each lead pitch is 2.54mm. 

TC51512AO-15, TC57512AO·20 

Unit in mm 

~ 
-l~~ I 0.25 - 0.1 0 I 

~ 
No te 2 

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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TOSHIBA MOS MEMORY PRODUCTS 

iDESCRIPTIONI 

TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 

The TC571000D/TC571001D is a 131,072 word" 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC57l000D is JEDEC standard pin configuration and the TCS71001D is compatible with 
28 pin 1M bit Hask ROM. Both products are packed in 32 pin standard cerdip package. 

TCS71000D/TC571001D is fabricated with the alOS technology. Advanced circuit tech
niques provide both high speed and low power features with a maximum operating current 
of 30mA/6.7NHz and access time of lSOns/200ns/250ns. 

The programming times of the TC571000D/TCS7l001D except overhead times of EPROM pro
grammer is only 14 seconds by using the high speed programming algorithm. 

IFEATURESI 

Peripheral circuit: CMOS 

Bembry cell 

• Access Time 

N-MOS 

-15 I -20 I -25 
VCC SV::S% 
Temp 0",70°C/ -40",8S o C 
tACC lSOns I 200ns 1250ns 

. Low power dissipation 

Active : 30mA/6.7HHz 
Standby: 100\JA(Ta=8S0C) 

I PIN COtIHECTION I (TOP VIEH) 

vPP VCC VPP 1 
Al6 PGM m; 

NC 
A14 

28 A13 Ai' 

27 A8 
AS 26 AY 
A4 All 
A~ OE 
A2 10 AlO A'2 
Al 11 IT Al 11 
AO 12 D7 AO 12 
00 13 D6 DO 13 
D1 14 19 D5 Dl 14 
D2 15 18 D4 D2 15 

GNO 16 17 D3 CiND 16 

-200 
SV::lO% 
0"'70"C 
200ns 

VCC 
31 POM 

30 NC 
29 A14 
28 Al3 
27 A8 
26 A9 

All 
A16 
A10 
IT 
Di 
D6 
D5 
D4 
D3 

TCS71000D TCS71001D 

Single 5V power supply 

Full static operation 

• High speed programming. operation: tpw O.lms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TCS71000D 

• 1M HROH compatible TCS71001D 

• Standard 32 pin DIP cerdip package 

(Reference) 

AO", Al6 Address Inputs A15 1 VCC' 
'A12 A14 

A13 DO "'D7 Outputs (Inputs) 
A6 A8 
AS A9 CE Chip Enable Input 

or loutput Enable 
Input 

All 
A16 
AI0 

PGN Program Control 
Inout 

20 CE 
AO 10 19 07 

Vce VCC Supply Voltage 00 11 18 D6 
DI 12 Ii D5 

VPP 
Progr<:m Supply 
Voltage 

02 13 16 D4 
GND 14 15 03 

GND Ground 
(1M Mask ROH) 

TC53l000P NC No Connection 
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TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 

lBLOCK DIAGRAMl 
00 01 02 03 04 05 06 07 

OE~~~==~~==--~ 
n-
~v-~ __ ~~~-r~ 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A,7 

AS 
A9 

AIO 
All 
AI2 
AI3 
AI4 
A1S 
A16 

'''ODE SELECT! ONI 

~ MODE 'PGH CE 

Read H L 

Output Deselect * * 
Standby * H 
Program L L 

* H Program Inhibit 
H L 

Program Verify E L 
*: H or L 

I1AXH4UM RAl:INGSI 
SYHBOL ITEM 

TIE 

L 

H 

* 
H 

* 
H 
L 

ARRAY 
131.07 2x Bbi ts 

vPP vcc 

5V 5V 

l2.75V 6.25V 

VCC VCC Power Supply Voltage 
Vpp Program Supply Voltage 
VIN Input Voltage 
VI/O Input/Output Voltage 

PD Power Dissipation 

TSOLDER Soldering Temperature Time 

TSTRG Storage Temperature 

TOPR Operating Temperature 
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00'" 07 POWER 

Data Out 

High Impedance 
Active 

High Impedance Standby 

Data In 

High Impedance 
Active 

High Impedance 
Data Out 

RATING UNIT 

-0.6'" 7.0 V 

-0.6'" 14.0 V 

-0.6'" 7.0 V 

-0.6"'VCc+O·5 V 

1.5 t~ 

260· 10 ·C· sec 

-65", 125 ·C 

-40'" 85 ·C 



TG57l800B-15, -20, -280, -25 
TG57l801D-15, -20, -200, -25 

\READ OPERATION\ 

D.C. RECor·1t·1ENDED OPERATING CONDITIONS 

TC571000D/IOOID-15.-20.-25 TC5710000/1OO1D-200 
UNIT SYMBOL P~IETER MIN. TYP. ~1AX. MIN. TYP. ~1AX. 

VIH Input High Voltage 2.2 - vCC:+0 . 3 2.2 - VCc+O·3 
VIL Input Low Voltage -0.3 - 0.8 -0.3 - 0.8 

Vee Power Supply Voltage 
V 

VCC 4.75 5.00 5.25 4.50 5.00 5.50 
Vpp Vpp Power Supply Voltage VCC-0.6 Vec Vec+O· 6 Vee-0 . 6 Vce VCc+O· 6 

D.C. AND OPEP-P.TING CHARACTERISTICS (Ts--40'" OS"C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O '" VCC - - :tlO lJA 
ICCOI cr'"OV l f=6. 7MHz - - 30 

Operating Current mA 
ICC02 IOUr=OmA I f=UlHz - - 10 

ICCSl C!=VIH - - I 1 mA 

ICCS2 
Standby Current 

'C!=VCC-0.2V - - 100 lJA 

VOH Output High Voltage I OH=-400uA 2.4 - - V 
VOL Output Low Voltage IOL=2.lmA - - 0.4 V 
IpPl VPP Current Vpp"VCC:t0.6V - - =10 lJA 

Ito Output Leakage Current VourO.4V '" V CC - - 10 uA . -Ta-O'" 70 C for TC571000D/TC.)71001D-1S. -200 

A. C. CHARACTERSITICS (Ta=-40'" 8S·C, Vpp=VCC:tO. 6V) 
TC571000D/IOOIDI TC571000D/IOOlD TC5i 1 0000/1 00 lD 

SYHBOL PARAMETER -15 -20.-200 

NIN. HAX. I HIN. MAX. 

tACC Address Access Time I - 150 - 200 
tCE ~ to Output Valid - 150 - 200 
tOE OE to Output Valid - 70 - 70 
tpGM PGH to Output Valid - 70 - 70 
tDn CE to Output in Higb-Z 0 60 0 60 
tDF2 OE to Output in Higb-Z I 0 60 0 60 
tDFJ PGM to Output in Eigb-Z 0 60 0 60 
tOB Output Data Hold Time 0 - 0 -

- . Ta-O", 70·e for TC571000D/TC.)7100lD-b, -200 

A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

1 TTL Gate and CL-100pF 

lOns Mal:. 

0.45V 50 2.4\1 

-25 

HIN. NAX. 

- 250 

- 250 

- 100 

- 100 

0 90 
0 90 
0 I 90 
0 -

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V OutputS 0.8V and 2.0V 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

* CAPACITANCE (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION NIN. 

CIN Input Capacitance VIN=OV -
CaU! Output Capacitance VOUT=OV -

* This parameter is periodically sampled is not 100% tested. 

TmING WAVEFORMS (READ) 

IT 
teE 

tOE 
OE 

tpGM 

00-07 HIGH Z 
DATA OUTPUTS 
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IHIGH SPEED PROGRAM OPERATIONI 

D.C. RECOt<1MENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 
Vpp Vpp Power Supply Voltage 

TC571_0-15,-28,·no,-25 
TC571081U-15,-28, -280, -25 

}IIN. TYP. ~1AX. UNIT 

2.2 - VCc+l.O 

-0.3 - O.S 
6.00 6.25 6.50 

V 

12.50 12.75 13.00 

o C AND OPERATING C~ARACTERISTICS (Ta-25+5"C VCC-6 25+0 25V VPP=12 75·0 25V) - - . -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. }1AX. UNIT 
ILl Input Current V1N"'0 'V V ce - - =10 uA 

VOH Output High Voltage IOH=-400uA 2.4 - - V 

VOL Output Low Voltage IOL-2.lmA - - 0.4 V 

lee Vec Supply Current - - - 30 mA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 mA 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±S"C, VeC=6.2S±0.2SV, VPP=12.75±0.2SV) 

SYMBOL PARAMETER 

tAS Address Setup Time 
tAR Address Hold Time 
tCES IT Setup Time 
tCEH CE Hold Time 

tDS Data Setup Time 

tDH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tOE 15E to Output Valid 
tDF2 OE to Output in High-Z 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

TEST CONDITION MIN. 

- 2 

- 2 

- 2 

- 2 

- 2 

- 2 

- 2 

- 0.095 

- -
CE=VIL -

1 TTL Gate and CL(lOOpF) 

IOns Max. 

0.45V and 2.4V 

TYP. ~1AX. UNIT 

- - us 

- - us 

- - us 

- - us 

- - us 

- - us 

- - us 

0.1 0.105 ms 

- 100 ns 

- 90 ns 

• Timing Measurement Reference Level: Input O.SV and 2.2V, Output O.SV and 2.0V 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

HIGH SPEED PROGRM1 OPERATION 

TIMING CHART 

AO-A16 

teEH 

tDF2 
tDF2 

00 -0 7 UNENOWN DIN STABLE 

tDS 

Vpp tvs 

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=l2.75V 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 CHARACTERISTIcsl 

T£5710000-15, -20, -200, -25 
TC5710010-15, -20, -280, -25 

The TC57l000D/TC57l001D's erasure is achieved by applying shortwave ultraviolet 

light which has a wavelength of 2537A (Angstroms) to the chip through the trans

parent 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-1S is used and the device is exposed at a dis

tance of lcm 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 (10 x 60) [sec]:; 15 [W· sec/cm2].) 

The TC57l000D/TC57l001D's erasure begins to occur when exposed to light with 

wavelength shorter then 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 opeque seals - Toshiba EPROM Protect Seal AC901 -

are available. 

IOPERATION INFORMATION I 
The TC57l000D/TC57l001D'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 DE Vpp VCC 00'" 07 POWER 

READ Read H L L Data Out 

OPERATION * Impedance 
Active 

Output Deselect * H 5V SV High 
(Tao -40 '" 8S"C) Standby * H * High Impedance Standby 

Program L L H Data In 
PROGRAM 
OPERATION * H * High Impedance 

Program Inhibit l2.7SV 6.2SV Active 
(Ta=25::5 0 C) H L H High Impedance 

Program Verify H L L Data Out 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

IREAD MODE! 

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 (DE) and the program control (PG}I) control the output buffers. 

independent of device selection. 

Assuming in that C!=5E-VIL and PGM=VIR, 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=V1L, PGM=V1R and all addresses are valid, the output data is valid 

at the outputs after tOE from the falling edge of DE. 

And assuming that C!=QE=VIL and all addresses are valid, the output data is valid 

at the outputs after tPGM from the rising edge of PGM. 

OUTPUT DESELECT MODE! 

Assuming that C!=V1R or DE=VIR. the outputs will be in a high impedance state. 

So two ormore ROMs can be connected together on a common bus line. 

When C[ is decoded for device selection, all deselected devices are in low power 

standby mode. 

ISTANDBY MODEl 

The TC571000D/TC571001D has a low power standby mode controlled by the ~ signal. 

By applying a high level to the CE input, the TC571000D/TC571001D is placed in the 

standby mode which reduce the operating current to lOO~A by applying MaS-high level 

(Vce) and then the outputs are in a high impedance state, independent of the 5E .inputs. 

!PROGRAM MODEl 

Initially, when received by customers, all bits of the TC571000D/TC571001D are in the 

"1" state which is erased state. 

Therefore the program operation is to introduce "D'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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I PROGRAM VERIFY r40DEI 

tC571880D-l5, ,-20,-Z08, :;;25 
TC571081D~15,-20,-280, -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 VIH' 

IPROGRAM INHIBIT MODEl 
Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 

a high level C! or PGM input inhibits the TC57l000D/TC57l001D from being programmed. 

Programming of two or more EPROMs in parallel with different data is easily ac

complished. 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. 

IHIGH SPEED PROGRAM OPERATIONI 
The device is set up in the high speed programming mode when the programming voltage 

(+l2.75V) is applied to the Vpp terminal with VCC=6.25V and PGM=VIH' 

The programming is achieved by applying a single TTL low level O.lms 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. 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

HIGH SPEED PROGRAt4 OPERATION 

FLOW CHART 

NG 

NO 

Vee - 6.25±O.25V 

vpp - 1 2.7 5±O.2 5V 

ADDRESS 

- START ADDRESS 

Vee - SV 

Vpp - SV 

NG 
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IELECTRIC SIGNATURE r~ODEI 

TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

Electric signature mode allows to read out a code from TC57l000D/TC57l00lD which 

identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TCS7l000DiTCS7l00lD 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 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 TC571000D/TC571001D. 

~s SIGNATURE AO 07 

Manufacture Code VIL 1 

TCS71000D 1 
Device Code TCS7100lD 

VIR 
0 

Notes: A9=l2V±O.SV 

Al '" A8. Ala'" Al6. CE. OE=VIL 

PGM=VIH 

06 

0 

a 

0 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

IOUTLINE DRAWINGsl 

32 1-, 
I MARKJ' L. 

Unit in mm 

17 - --
END R100 

-

17=====C=:J=====~1 
¢8.89~0.1 

42.0=0.5 

..L..:!::: == I 

I !.3±0.2 

2.54 

Note 1 

>< < ::e ... 
..;. 

z; 

IJ---I- i 

~ -..; 

N 
0 
,; 
.;.0 

.'"' N 
:::i 

0.38 

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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TOSHIBA MOS MEMORY PRODUCTS 
TC5710240-15, TC5710240-20, TC5710240-200 

IDESCRIPTIONI 

The TCS71024D is a 6S .536 word x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 
The TC571024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 
TC571024D is fabricated with the CMOS technology. Advanced circuit techniques pro
vide both high speed and 10wpower features with a maximum operating current of 40mA/ 
6. 7~:F.z and access time of lSDns/200nc. 
The programming times of the TC57l024D except overhead times of EPROM programmer 
is only 7 seconds by using the high speed programming algorithm. 

FEATURES 

• Peripheral circuit: CMOS 

Memory cell N-MOS 

• Fast access time 

• Low power dissipation 

Active: 40mA/6.7MHz 
Standby: 10D~A 

• Single 5V power supply 

• Full static operation 
TC57lD24D-lS!TCS71024D-20ITCS71024D-2DO High speed programming operation: 

Ta O'\, 70·C 

VCC 
tACC lSOns 

!PIN CDrIHECTION I 

CE 
D15 

Dl" 
DlZ 

D12 
Dll 
DlO 
D9 
DB 
Vss 
D7 
De 
D5 
D4. 
D3 
D2 
Dl 
DO 
OE 

I 
SV±S% 

I 

-40'\, 8S·C 

I SV±lO% 
tpw D.1ms 

200ns • Input and output TTL compatible 

• JEDEC standard 40 pin: TCS7l024D 

• Standard 40 pin DIP cerdip package 

I PIN NAr·1::S I 
AD 'U A1S Address Inputs 

DO '\, D15 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGH' Program Control Input 

VCC VCC Supply Voltage 

Vpp Program Supply Voltage 

VSS Ground 

N.C. No Connection 
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TC571024D-15, TC571024D-20, TC571024D-200 

ISLOCK DIAGRAM I 

Vpp GND vcc 

AO 
Al 
A2 
AS 
A4 
A5 
A6 
A7 
AS 
A9 
A10 
All 
Al.2 
Al.3 
AU 
A15 

IMODE SELECTION I 

~ }10DE 

Read 

Output Deselect 
Standby 

Program 

Program Inhibit 

Program Verify 

1~1AXIMUM RATINGS I 
SYMBOL 

CE DE 

L L 

* H 
H * 
L * 
H * 
L R 

L L 

* H or L 

ITEM 

COLUMN I/O CIRCUIT 

65536 X 16 bi 1:S 

PGM vPP vee DO "v DIS 

H Data Out 

* 5V 5V High Impedance 

* High Impedance 

L Data In 

* l2.75V 
H 

6.25V High Impedance 

H Data Out 

RATING 

Vee vce Power Supply Voltage -0.6 "v 7.0 

VPP Program Supply Voltage -0.6 "v 14.0 

VIN Input Voltage -0.6 "v 7.0 

VIN (A9) Input Voltage (A9) -0.6 "v 13.5 

VI/O Input/Output Voltage -0.6 "v Vec+0.5 
PD Power Dissipation 1.5 

TSOLDER Soldering Temperature Time 260 ·10 
TSTRG Storage Temperature -65 "v 125 

ToPR Operating Temperature -40 "v 85 

- H-110-

POuR 

Active 

Standby 

Active 

UNIT 
V 
V 

V 

V 

V 
W 

De· sec 
De 

De 



TC571024D-15, TC571024D-20, TC571024D-200 

IREAD OPERATIONI 

1 

! 

, 

I , 

AC/DC RECOi1i'lENDED OPERATING COnDITIONS 

SYNBOL PARAMETER TC571024D-15 I TC571024D-20 I TC571024D-200 

Ta Ambient Temperature 0",70°C I -40",85°C 

VCC VCC Power Supply Voltage 5V=5% 1 5V=10% 

VPP Vpp Power Supply Voltage Vcc-o. 6V '" Vcc+O. 6V I Vcc-o. 6V '" Vcc+O. 6V 

D.C. and OPERATING CHARACTERISTICS 
SY:lBOL PARAHETER 

ItI. I Input Current 

ICCOI 
Operating Current 

ICC02 

IceSl 

ICCS2 
Standby Current 

v-- I Input High Voltage 

\I:L I In?ut Low Voltage 

\" c;,= I , Output High Voltage 
\- -, 

u'- I Output Low Voltage 
l. ~:Jl I Vpp Current 
1. I., 0 1 Output Leakage Current 

F .• C. CHt,RACTERISTICS (Vpp=VCC±0.6V) 

S::-30L I PARAMETER 

:ACC Address Access Time 

:Cr: CE to Output Valid 

tOE OE to Output Valid 

tDn CE to Output in Righ-Z 

tDF2 OE to Output in High-Z 

tOR Output Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

TEST CONDITION 

VIN=O", VCC 
CE=OV I t cycle=150ns 

IOUT=OmA Itcycle=l)JS 

CE=vIH 

CE=VCC O.2V 

-
-

i IO!,!=-400~A 
I OL=2.1mA 

Vpp=VCC±0.6V 

VOUT=O. 4\' '" V CC 

TC571024D-15 

~1I!\ • MAX. 

- I 150 

- 150 

- 70 

0 60 

0 60 

0 -

I TTL Gate and CL=lOOpF 

IOns Hax. 

O.4SV to 2.4V 

I MIN. TIP. I HAX. I 
- - 1 =10 I 
- - I 40 

- - I 20 

- - I 1 

- - I 100 

I 2.2 - I \'cc+0 .31 
-0.3 I - ! 0.8 I 

2.4 I - - i 
- - I 0.4 

- - I =10 

- - I ±10 

TCS71024D-200/-20 

MIN. HAX. 

- 200 

- 200 

- 70 

0 60 

0 60 

0 -

Timing Measurement Reference Level: Inputs O.BV and 2.2V Outputs O.BV and 2.0V 
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)JA 
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\" 
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V 
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TC571 0240-15, TC5710240-20, TC571 0240-200 

CAPACITANCE -1, (Ta=2S·C, f=lHHz) 

SYMBOL PARAMETER TEST COl\l])ITION MIN. TYP. }!AX. UNIT 

CIN Input Capacitance Vm=OV - 6 10 

COUT Output Capacitance VOUT=OV - 10 12 
pF 

,', This parameter is periodically sampled and is not 100% tested. 

THlING WAVEFORI1S (RE.AD) 

p.O-h15 J'---__ ---"iX'---_ 
I to~ I 

\ teL ;1r--+-j I --

~----------~------------ : i tDPl'1 

----------~\~:----t-OL----~---------;1~~~tD~P~2~ 
EIGH Z 

:1 0 -:: t -----------------(/ DATA OUTP!)TS 
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TC5710240-15, TC571024D-20, TC5l10240-200 

[HIGH SPEED PROGRAM OPERATION I 
D,C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIR Input Righ Voltage 2.2 - VCc+O·3 
VIL Input Low Voltage -0.3 - 0.8 

vee 
V 

vee Power Supply Voltage 6.00 6.25 6.50 
Ypp vPP Power Supply Voltage 12.50 12.75 13.00 

D.C. AND OPERATING CHARACTERIS7ICS (Ta=2S±5"C, Vee=6.2S±0.2SV, Vpp=12.7S±0.25V) 

S'Y~rnOL PARAMETER I 
ItI Input eurrent 

VOR I Output Righ Voltage 

VOL Output Low Voltage 

lee Vee Supply Cu:-rent I 
Ip?2 Vpp Supply eT.:::-::-en: I 

S'\.")§OL I PA_T\.P~.:.:..?~ I 
"CAS I Address Setup Ti::le I 
::;'1: I Address Hold Time [ 

te:ss CE Setup 'Ii:r!e I 
ce:::-~ eE Rold Time 

tD5 I Data Setup T"'""o ..... -
tD=' I Data Hold :ime 

t\'S 'iPP Setup Time I 
'7:=,,' Program Pulse "id:~ 

tOE OE to Output Valid 

tUF2 OE to Output in High-Z 

tOES OE Setup Time 

A.C. TEST CONDITIONS 
Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

TEST eOI\1lITION MIN. TYP. 

VIN=O '" Vee - -
IOR=-40~A 2.4 -
IOL=2.1mA - -

- - -
V;:>p=13.0V - -

TEST CONDITION MIN. TYP. 

- 2 -
- 2 -
- 2 -
- 2 -
- 2 -
- 2 -
- 2 -
- 0.095 0.1 

- -
OE=VIL - -

- 2.0 -

1 TTL Gate and CL (lOOpF) 

IOns Max. 

0.45V and 2.4V 

MAX. UNIT 

±10 ~A 

- V 
0.4 V 

40 mA 

100 mA 

I MAX. UNIT 

I - ~s 

I - ~s 

I - ).!s 

[ - ).!S 

- uS 

I - uS 
I - uS 
10 . 105 ms 

500 ns 

150 ns 

- uS 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC5710240-15, TC5710240-20, TC5710240-200 

HIGH SPEED PROGRAM OPERATION 

TIMING CHART 

~-:~~-jT~~--------------

, 

~ote: 1. Vce Dust be applied s;~ultaneously or before Vpp and cut off simul

taneously or after Vpp. 

2. Re~oving the device from socket and setting the device in socket ~~th 

Vpp=12.7SV 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. 

~fuen 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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TC571824D-15, TC571824D-28, TC571824D-200 

IERASURE CHARACTERISTICsl 

The TC57l024D. erasure is achieved by applying shortwave ultraviolet light which 
o 

has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm2j x exposure time [sec.]) 

for erasure should be a minimum of 15 [\~.' sec/cm2]. 

When the Toshiba sterilizing laop GL-15 is used and the device is ~,?osed at a 

distance of lcm from the laop surface, the erasure will be achievec vithin 60 

minutes. And using commercial lamps whose ultraviolet light intensity is a 12000 

[~W/cm2j will reduce the exposure tiQe to about 20 minutes. (In this case, the 

integrated dose is 12000 [uWcu2 j x (20 x 60) [sec] il15 [W' sec/cm2 j.) 

The TC571024D erasure begins to occur when e:r.:posed to light .rith 1·:avelength shorter 

than 4000A. The sunlight and the flourescent lamps will include 3000~4000A wave-

length components. The=e:ore when used under such lighting for extenced periods 

of time, the opeque 5e~ls - Toshiba ~?ROM Protect Seal AC901 - a=e available. 

I OPERATI ON Ii:FORi;:!'\ I I Jr; ; 

The TC57l02~D 5~ owe=ation modes are listed in the :cllo~~n~ =~ble. 

Mode selection can be accieved by ~pplying TTL level signal to ~ll inputs. 

I~ CE I OE PG~! Vpp I vcc 
I 

DO '. D15 POWER 
NODE I 

I 
Rea~ L I L I B i Out RE.AD D---

"'~'" 

OPERATION Active 
Output Deselect '* H '* SV 5V High Impedance 

Standby H '* '* High Impedance Standby 

PROGRM1 Program L '* L Data In 

OPERATION H '* * 
(Ta=2S±SOC) Program Inhibit 12.75V 6.2SV High Impedance Active 

L H H 

Program Verify L L H Data Out 

Note: R; VIH. L; VIL. '*; VIH or VIL 
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TC5710240-15, TC5710240-20, TC5710240-200 

IREAD MODE I 
The Te57l024D has three control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. 

The output enable (DE) control the output buffers, independent of device selection. 

Assuming in that C[-5E=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 (teE) is equal to the address access time (tAee). 

Assuming that eE=vIL, PGM=VIH and all addresses are valid, the output data is valid 

at the outputs after tOE from the falling edge of ~. 

IOUTPUT DESELECT MODEl 
Assuming that eE=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. 

~~en eE is decoded for device selection, all deselected devices are in low power 

standby mode. 

!STANDBY MODE I 
The Te57l024D has a low power standby mode controlled by the cr signal. 

By applying a high level to the CE input, the TC571024D is placed in the standby 

mode which reduce the operating current to 10~~A by applying MOS-high level (Vee) 

and then the outputs are in a high impedance state, independent of the O~ inputs. 

IPROGRAM MODEl 
Initially, when received by customers, all bi::s 0: tile Te57102L.D are in the "I" 

state which is erased state. 

Therefore the program operation is to introduce "D's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The Te571024D can be programmed any 

location at anytim~ither individually, sequentially, or at random. 
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TC5710240-15, TC5710240-20, TC5710240-200 

I PROGRAM VERIFY MODEl 

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. 

!PROGR~M 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 TC571024D 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 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. 

I HIGH SPEED PROGRAM OPERATION I 
The device is set up in the high speed programming mode when the progra=cing voltage 

(+12.75V) is applied to the Vpp terminal with VCC=6.25V and P<2-1=VIH' 

The programming is achieved by applying a single TTL low level 0.1 ~ pulse the ~ 

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 unt~ the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with VCC=Vpp=5V. 

- H-117-



Ye5710240-15, Ye5710240-20, ye571 0240-200 

HIGH SPEED PROGRAt·1 OPERATION 

FLOW CHART 
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TC5710240-15, TC5710240-20, TC5710240-200 

I ELECTRIC SIGNATURE MODE I 
Electric signature mode allo,.s to read out a code from TC571024D 'V7hich identifies 

it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TCS71024D by using this mode before program operation and automctically 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 (07). 

The fo11o'V.'ing table sho,</s electric signature of TC571024D. 

~ AO II 01sI014101310121011 010109108 07106 OsI 04 03 02 01
1
00 

HEX. 
SIGNATVP.E DATA 

~!anufacture Code Vn Ii * I * i * I * I * * I * 1* 11 0 all 1 0 010 I *'~98 
I' i 1 1 i J ' 

Device Code VIR II * I * I * I * I * * I * 1* 01 0 01 0 1 0 01 0 I **08 

!\otes: A9=12V±O.SV, Al 'CAS, Ale 'CAlS, CE, OE=VIL, PGl'J~VIE *: Don't Care 

D.C. AND OPERATING CHARACTERISTICS 

SYHBOL P ARA..'1ETER MIN. TYP. MAX. lJNIT 

VID A9 Auto Select Voltage 11.S 12.0 12.5 V 
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YC5 710240-15, YC5710240-20, YC571 0240-200 

I OUTLI NE DRAIn NGS I 
Unit in mm 

52.07±o.:3 

B.9TYP 

40 21 

P.100 

Ro.S4 

20 

} "'H"~ 
~ 

I U.75±o.:3B I 

Note 2 

Note 1 

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their true longitudinal position with respect No.1 and No.40 

leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC5740000-15, -20 

/OESCRIPTImll 

The TC574000D is a 524,288 word x 8 bit CMOS ultraviolet light erasable and electriccally 
programmable read only memory. For read operation, the TC574000D's access time is lSOns, 
and the TC574000D operates from a single 5-volt power supply and has low power standby 
mode which reduces the 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 SOmA/6.7MHz and standby 
current to 100;..,1.. For prograr.1 operation, the programming is achieved by using the high 
speed progra~ing mode. TCS74000D is fabricated with the CMOS technology and the N
channel silicon double layer gate MOS technology. 

IFEATURES! 

• Peripheral circuit: CMOS 

Hemory cell 

Access time 

-15 

VeC 

Temp 

1 -20 

S\,=lO~; 

0'" 70'C 

tACC l50ns I 200ns 

IPIN CONNECTION I (TOP VIHI) 

'iPP 3:': VCC 
Alb 31 .\18 
Al5 

Al~ :!.l .\14 
Ai 28 AIJ 

27 _~8 

AS A9 
A4 8 25 All 
A3 9 24 OE 
A2 10 23 Ala 
AI II CE 
AO l:! D7 
DO 13 D6 

Dl 14 D5 
D2 15 D-\ 

GND 16 D3 

• Low power dissipation 

Active: SOmA/6 • nlHz 
lOOlJA (Ta=70'C) Standby: 

High speed programming operation 

Single SV power supply 

• Full static operation 

• Input and output TTL compatible 

• JEDEC standard 32 pin 

Standard 32 pin DIP cerdip package 

!PHl NAt~ESI 

AO'" A18 Address Inputs 

DO'" D7 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

VCC VCC Supply Voltage 

Vpp Program Supply Voltage 

G0ID Ground 
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TC5740000-15, -20 

ISLOCK DIAGRAt·ll 

GND 

OE 
CE 

AO 
AI 
A2 
A3 
A4 
AS 
A6 
Ai 
AS 
A9' 

AIO 
All 
AI2 
AI3 
AI4 < 

AI5 
AI6 
A17 
AI8 

It.10DE SELECTION I 

~IN MODE 
Read 

Output Deselect 

Standby 
Program 

Program Inhibit 
Program Verify 
1,: H or L 

l~lAXIlMl RATINGsl 

SYMBOL 

Vee Vee Power 

eE 

L 
1, 

H 

L 

H 
,~ 

00 01 02 03 04 05 06 07 

OE 

L 

H 

* 
H 

H 

L 

ITEM 

ARRAY 
S24.288x8bits 

Vpp Vee 

Data 
5V 5V High 

Hihh 

Data 

l2.50V 6.25V High 

Data 

Supply Voltage 
Vpp Program Supply Voltage 

VIN Input Voltage 

00'" 07 

Out 

Impedance 

Impedance 

In 

Impedance 

Out 

RATING 

-0.6'" 7.0 

-0.6'" 14.0 

-0.6'" 7.0 

VI/O Input/Output Voltage -0.6", Vee+0.5 

PD POlver Dissipation 1.5 

TSOLDER Soldering Temperature' Time 260 • 10 

TSTRG Storage Temperature -65", 125 

TOPR Operating Temperature 0"'70 
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TC5748880"15, .. 20 

[READ OPERATIONi 

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

VIH Input High Voltage 2.2 - Vee+0 . 3 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee VCC POI.er Supply Voltage 4.50 5.00 5.50 V 
Vpp Vpp Power Supply Voltage Vce-0 . 6 VCC VCC+0.6 V 

DC AND OPERATING CHARACTERISTICS 
SYMBOL PARfu'1ETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O"v VCC - - ±10 l1A 

IeCOl CE=OV I f=6.7MHz - - 50 
Operating Current rnA 

IeC02 IOUT=OmA I f=lHHz - - 15 

IeeSl CE=VIH - - 1 rnA 

IeCS2 
Standby Current 

CE=Vce- 0 . 2V 100 \JA - -
VOH Output High Voltage IOH=-400\JA 2.4 - - V 

VOL Output LotV Voltage I OL=2.1mA - - 0.4 V 

IpPl Vpp Current Vpp=VCC±0.6V - - no \J A 

ILO Output Leakage Current VOUT=O. 4V "v VCC - - 10 jJA 

AC CHARACTERISTICS 
TC574000D-15 TC574000D-20 

S'01BOL PARAHETER TEST CONDITION UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time CE=OE=Vn - 150 - 200 ns 

tCE CE to Output Valid OE=VIL - 150 - 200 ns 

tOE OE to Output Valid CE=Vn - 70 - 70 ns 

tDFl CE to Output in High-Z OE=Vn 0 60 0 60 ns 

tDF2 OE to Output in High-Z CE=VIL 0 60 0 60 ns 
tOH Output Data Hold Time CE=OE=VIL 0 - 0 - ns 

AC TEST CONDITIONS 
Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.45V"v 2.4V 

Timing Measurement Reference Level: Inputs O.8V and 2.2V, Outputs 0.8V and 2.0V 
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CAPACITANCE* (Ta=25°C, f=lMHz) 

SYMBOL PARi\,'IETER TEST CONDITION NIN. TYP. MAX. UNIT 

CIN Input Capacitance V IN=OV - 4 8 

COUT VOUT=OV 12 
pF 

Output Capacitance - 10 
"-* This parameter is periodically sampled is not 100% tested. 

THWlG W,VEFORrlS (READ) 

CE 

I t ACC I I It orc ! 

!11mJr ~, ' ',HIGH Z 
----------------~~ ___ DA_T_"_~_O_()_'T_P_C_T __ ~~ 

HIGH Z 
00-0, 
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IHIGHSPEED PROGRAM OPERATIONI 

DC RECCtllmiDED OPERPn ~!G COND ITIONS 

SYMBOL PARAMETER MIN. TYP. MA..'\. UNIT 

VIH Input High Voltage 2.2 - VCC+l.O V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage I 6.00 6.25 6.50 V 
Vpp i VPP Power Supply Voltage 12.20 12.50 12.80 V 

DC AND OPERATING CPARACTERISTICS (Ta=25±5°C, VCC=6.25±0.25V, Vpp=12.50::0.30V) 

SY:1BOL PARl01ETER TEST CmmITION MIN. TYP. MA..,,{. UNIT 

ILl Input Current VIN=O'V VCC - - no )JA 

VOH Output High Voltage IOW-4OO)JA 2.4 - - V 

VOL Output La", Voltage IOL=2.lmA - - 0.4 V 

ICC VCC Supply Current - - - 50 rnA 

IPP2 \'pp Supply Current Vpp=12.8V - - 50 rnA 

VID A9 Auto Select Voltage - 11.5 12.0 12.5 V 

AC PROGRAf,lrmjG CHARP,CHRISTICS (Ta~25::5°C, VCC=6.25:.:0.25V, Vpp=12.50::0.30V) 

SYl:ll30L P APu'u'!ETER TEST CONDITION MIN. TYP. HA.,,{. UNIT 

t,\ S Address Setup Time - 2 - - )JS 

tAB Address Hold Time - 2 - - )JS 

tCES CE Setup Time - 0 - - ns 

tCEH CE Hold Time - 0 - - ns 

tDs Data Setup Time - 2 - - )JS 

tDH Dati1 Hole Time - 2 - - )Js 

tl,PS Vpp Setup Time - 2 - - )JS 

tves Vec Setup Ti:ne - 2 - - )Js 

tp',,; Program Pulse \.Jid t h CE=Vn , OE=VIH 45 50 55 )JS 

tOE OE to Output Valid CE=VIH - - 100 ns 

tDFP OE to Output in Bigh-Z CI=V1H - - 90 ns 

AC TEST CONDITIONS 

Output Load 1 TTL Gate and C1 (lOOpF) 

Input Pulse Rise and Fall Time IOns Max. 

Input Pulse Levels 0.4SV'V 2.4V 

Timing i:!easurement Reference Level: Input O.SV and 2.2V, Output O.SV and 2.0V 

- H-125-



TC574000D-15, -20 

TIMING WAVEFORr~S (PROGRAM) 

HIGH SPEED PROGRAM OPERATION 

AO-A18 

tDS 

00-07 DIN STABLE DouT VALID 

Vpp typs 

Vee 
PROGRA~I PROGRA~[ 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.S0V 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. 

IThen 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 CHARACTERISTICsl 
The TC574000D' s erasure is achieved by applying shortwave ultraviolet light ,,,hich has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated does (ultraviolet light intensity [w/cm2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [,.,·sec/cmLl. 
\·Ihen the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 
of lcm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [~w/cm2l will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [~w/cm2] x (20x 60) [secl;; 15 [",·sec/cm2 l.) 
The TC574000D's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the fluorescent lamps ,vill include 3000"" 4000A "avelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPRO"l Protect Seal AC902-are available. 

IOPERATION INFORt,1ATION I 
The TC574000D's six operation modes are listed in the following table. 
~lode selection can be achieved by applying TTL level signal to all inputs. 

~ER) CE OE Vpp VCC 00"" 07 

!-lODE (22 ) (24 ) (1) (32 ) (13 "" IS, 17"" 21) 

Read L L Data Out 
Read Operation 

Output Deselect -I, H SV SV High Impedance 
CTa= o ""70°C) Standby H .. High Impedance 

Program Operation Program L H Data In 

(Ta=2S±5 °C) 
Program Inhibit R H 12.S0V 6.2SV High Impedance 

Program Verify ~': L Data Out 

Note: H; VIH, L; VIL, *; VIR or VIL 

!READ nODEI 

POHER 

Active 

Standby 

Active 

The TCS74000D 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 selection. Assuming that CE=OE=VIL, the output 
data is valid at the outputs after address access time from stabilizing of all ad
dresses. The CE to output valid (tCE) is equal to the address access time (tACC)' 
Assuming that CE=VIL and all addresses are valid, the ouptut data is valid at the 
outputs after tOE from the falling edge of OE. 

!OUTPUT DESELECT MODEl 
Assuming that CE=V IR or OE=V 1H , the outputs will be in a high impedance state. So two 
or more TC574000D's can be connected together on a common bus line. h~en CE is decoded 
for device selection, all deselected devices are in low power standby mode. 
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ISTANDBY MODE! 

The TC574000D has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC574000D is placed in the standby mode which reduce 
the operating current to lOO~A by applying MOS-hig~level (VCC) and then the outputs 
are in a high impedance state, independent of the OE inputs. 

I PROGRAM MODE I 

Initially, ~,hen received by customer s, all bit s of the TC574000D 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 TC574000D is in the program
ming mode when the Vpp input is at 12.S0V and CE is at TTL-Low under OE=VIH' 
The TC574000D C3n be programmed any loc3tion at any time either indivicually, 
sequentially, or at rondom. 

~Ar'1 'YER IFY r~ODE I 
The verify mode is to check that desired data is correctly programmed on the programmed 
bits. The verify is accomplished with OE at VIL' 

I PROGRAM INHIBIT MODEj 

Under the condition that the program voltage (+12.50v) is applied to Vpp terminal, a 
high level CE input inhibits the TC574000D from being programmed. 
Programming of tHO or more TC574000D' s in parallel Hith different data is easily ac
complished. That is, all inputs except for CE and OE may be commonly connected, and 
a TTL 10\" level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 

I t!IGH SPEED PROGRA~1 MODEl 

The device is set up is the high speed programming mode Hhen the programming voltage 
(+12.50V) is applied to the Vpp terminal with VCC=6.25V. 
The programming is achieved by applying a single TTL 1m, level 50~s pulse to the C13 input 
after addresses and data are stable. Then the programmed data is verified by using 
Program Verify Hode. If the programmed data is not correct, another program pulse of 
Ims 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 adcress, the additional program pulse ~lith 
width of 1 time more than that needed for initial programming is applied. 
\,hen programming has been completed, the data in all addresses should be verified with 
VCC=Vpp=5V. 
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HIGH SPEED PROGRAr~ MODE 

FLOW CHART 

ADDReSS = 
NAXT AlJDRESS 

TC~74000D-15, -20 

OVERPROGR.\,.\j X PULSES OF SOftS 
Of{ ONE PULSE OF 50X fts DURATION 

NO 

FAIL 
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IELECTRIC SIGNATURE MODEl 
Electric signature mode allows to read out a code from TCs74000D which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TCs74000D 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 V1L in read operation. Data output in this conditions is 

manufacturer code. Device code is identified when address AO is set to V1H. 

These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TCs74000D. 

~s AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (12) (21) (20) (19) (18 ) (17) (15 ) (14 ) (13) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 1 0 0 0 1 1 0 0 8C 

Notes: A9=12V=0.sV 

Al'VA8, AIO'VA18, CE, OE=Vn 
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TOSHIBA MOS MEMORY PRODUCTS 
TC57 H256 0-70, TC57H2560-85 

I DESCRIPTION I 
The TC57H256D is a 32,768 word x 8 bit CMOS ultrabiolet light erasable andelectri
cally programmable read only memory. For read operation, the TC57H256D's access time 
is 70ns, and the TC57H256D operates from a single 5-volt power supply and has low 
power standby mode which reduces the 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 50mA/14.2MHz and stand
by current to 100~A. For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TC57H256D is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS technology, 

! FEATURES! 
• Full static operation 

• Peripheral circuit: CMOS • High speed programming mode 
• Memory cell N-MOS • Inputs and outputs TTL compatible 

-70 -85 
I VCC 5V±5% 5V±lm 
I tAce 70ns 85ns 

• Single 5V power supply 

(TOP VIEW) 

YIlD 
A14 
A13 
A8 

AS A9 
A4 All 
A3 OE 
A2 AIO 
Al CE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

lPIN NAMESl 

AO'" A14 Address Inputs 
00 "'07 Outputs (Inputs) 

CE Chip Enable Input 
OE Output Enable InpUE 
Vpp Profram Supply 

Vo tage 

Vce Vce Supply Voltage 
(+5V) 

GND Ground 

• Pin compatible with ROM TC53257P, TM}123256P, 
TMM27256AD and TC57256AD 

• Standard 28 pin DIP cerdip package 

! BLOCK DIAGRAM I 
Ypp GND vee 00 01 02 03 04 a; 06 07 

OE 

CE 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

ARRAY 

AlO 32.76 8x 8 bit s 
All 
AI2 
A13 
AI4 

lr40DE SELECTION! 

~ CE OE VPP Vee 00"'07 POWER MODE (20) (22) (1) (28) (11'1.13, 15",19) 
Read L L Data Out 

Active 
Output Deselect * H 5V 5V High Impedance 
Standby H * High Impedance Standby 
Program L H l2.5Vl 6yl' Data In 
Program Inhibit H H 2 2 High Impedance Active 
Program Verify * L 12.75 V 6.25 Data Out 

* H or L ~?: HIGH SPEED PROGRAM MODE I 
2): HIGH SPEED PROGRAM MODE n 
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TC57H2560-70, TC57H2561H5 

IMAXIMUM RATINGS I 
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 "'VCc+O.5 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260 ·10 ·e • sec 

tSTG Storage, Temperature -65 "'125 ·C 

tOPR Operating Temperature 0"'70 ·C 

'READ OPERATION I 
D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TC57H256D-70 Te57H256D-85 

Ta Operating Temperature 0", 70·e 0",70°C 

Vec Vce Power Supply Voltage 5V±5% 5V±10% 

VPP VPP Power Supply Voltage VCC-0.6V"'VCc+O·6V Vee-0.6V '\, VCC+0. 6V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION NLN. TYP. MAX. UNIT 

ILl Input Current VIN'"O ",Vec - - ±10 \lA 

Ito Output Leakage Current VOUT=0.4 ",VCC - - :t10 \lA 

ICCOI CE-OV f-14.2MHz - - 50 

Ice02 
Operating Current mA 

IOUT=OmA f-lMHz - - 20 

ICCSl CE=VIR - - 1 mA 

IceS2 
Sta:ndby Current 

CE=VCC-0.2V - - 100 \lA 

VIR Input High Voltage - 2.2 - VCc+O· 3 V 

VlL Output Low Voltage - 0.3 - 0.8 V 

VOH Output High Voltage IOH=0400\lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IpPl VPP Current Vpp=VCC-0.6 '" V Cc+O. 6 - - no \lA 
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TC57H2560-70, TC57H2560-85 

A.C. CHARACTERISTICS 
TC57R256D-70 TC57H256D-S5 

UNIT STIIBOL PAR»lETER TEST CONDITION 
MIN. HAX. NIN. NAX. 

tACC Address Access Time CE=OE=VIL - 70 - S5 ns 

tCE CE to Output Valid OE=VIL - 70 - 85 ns 

tOE OE to Output Valid CE=V1L - 40 - 45 ns 

tDFl CE to Output in High-Z OE=VIL 0 30 0 30 ns 

tDF2 OE to Output in High-Z CE=VIL 0 30 0 30 ns 

tOR Output Data Rold Time CE=OE=VIL 5 - 5 - ns 

A.C. TEST CONDITIONS 

Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Times IOns Hax. 

Input Pulse Levels 0.45V'I. 2.4V 

• Timing Heasurement Reference Level: Inputs O.SV and 2.2V. Outputs O.8V and 2.0V 

CAPACITANCE *(Ta=25°C, f=U!Rz) 

STI1BOL PARA}lETER TEST CONDITION :-tIN. TYP. HAX. UNIT 

CIN Input Capacitance VW=OV - 4 6 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 

,~ This parameter is periodically sampled and is not 100% tested. 

TIN ING HAVEFORMS 

I· ~,I )bnJ 
~-'----ll ~ 

00-07 

I. \-\C C I I I t DF2 I 
HIGH Z ~I ~II~ . HIGH Z 
~ DATA Ol"TPtiTS ~ 

--------------1 I 
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TC57H256D-7D, TC57H256D-85 

IHIGH SPEED PROGRAM MODE I I 
D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARA11ETER MIN. TYP. MAX. UNIT 

VIR Input High Voltage 2.2 - VCc+1.0 V 
VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 V 

VPP VPP power Supply Voltage 12.0 lZ.5 13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, VCc=6V±0.Z5V, Vpp-lZ.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O "'VCC - - HO 
VOH Output High Voltage IOH =400lJA 2.4 - -
VOL Output Low Voltage IOL=Z.lmA - - 0.4 

ICC VCC Supply Current - - - 40 
IppZ Vpp Supply Current Vpp=13.0V - - 50 

A.C. PROGRAMMING CHARACTERISTICS (Ta=Z5±5°C, VCC=6V±0.25V, Vpp=lZ.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup T;ime 
tAR Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tos Date Setup Time 
tOH Data Hold Time 
tvps Vpp Setup Time 
tvcs VCC Setup Time 
tpw Initial Program Pulse Width 
tOPI~ Overprogram Pulse Width 

tOE OE to Output Valid 
tOFP 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 

- Z 

- 0 

- 0 

- 2 

- 2 

- 2 

- Z 

- 2 

CE=VIL, OE=VIH 0.95 
Note 1 2.85 

CE-VIH -
CE=VIH -

1 TTL Gate and CL(lOOpF) 
IOns Max. 
O.45V"'Z.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -
1 1.05 

3 78.75 

- 100 

- 90 

UNIT 

IIA 

V 

V 

mA 
mA 

UNIT 

liS 

liS 

liS 

liS 

liS 

liS 

liS 

liS 

\JS 

ms 
ms 

ns 
ns 

• Timing Measurement Reference Level: Input O.8V and 2.2V, 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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TC571121111-70,TC57R258H5 

I HIGH SPEED PROGRAM OPERATION n I 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCc+l.O V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 6.00 6.2S 6.S0 V 

VPP Vpp Power Supply Voltage \, l2.S0 12.75 13.00 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=2S±SoC, VCc=6.25±0.25V, Vpp=12.7S±0.25V) 
SYMBOL PARMIETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILI Input Current VIN"'O",VCC - - flO IIA 
VOH Output High Voltage IOH""-400IlA 2.4 - - V 

VOL Output Low Voltage IOL-2.lmA - - 0.4 V 
ICC VCC Supply Current - - - 40 mA 

IpP2 VPP Supply Current Vpp .. 13.0V - - SO mA 

A.C. PROGRAMMING CHARACTERISTICS (Ta-25±SoC. Vcc=6.2S±0.2SV. Vpp=12.75±0.2SV) 
SYNBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - j.\S 

tAH Address Hold Time - 2 - - liS 

tCES CE Setup Time - 0 - - ns 

tCEH CE Hold Time - 0 - - ns 
tDS Data Setup Time - 2 - - liS 

tDH Data Hold Time - 2 - - liS 

tvps VPP Setup Time - 2 - - liS 

tves VCC Setup Time - 2 - - liS 

tpw Program Pulse l'idth CE-VIL, OE-VIH 0.095 0.1 O.lOS ms 

tOE OE to Output Valid CE=VIH - - 100 ns 

tDFP OE to Output in High-Z CE=VIH - - 90 ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL(lOOpF) 

• Input Pulse Rise and Fall Time IOns Max. 

• Input Pulse Levels 0.4SV to 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC57H256D-70, TC57H256D-85 

TIMING WAVEFORMS (PROGRAH) 

HIGH SPEED PROGRAfl1 NODE I (Vee=6V±O. 25V, Vpp=12. 5V±O. 5V) 
HIGH SPEED PROGRAM MODE n (Vee=6.25V±O.25V, Vpp=12.5V±O.5V) 

AO-AI4 ----'~r__-------K= 
It~ ~ r--:--:--- !W I 

~ teEH I 11.1'. ~ 
~ tDEP 

'\ 
I tDS tDH tOE 

00-07 1 Dr:; STABLE 
1'\ 

DOUT VALID 
1'\ 

" 
I 

" 
I 

Vpp 
tvps 

I 

Vee 
tyes PROGRA.\1 PROGRA\I VERrFY 

I 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=12.5V(12.75V) nay 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. 

h'hen the S\.itching pulse voltage is applied to the Vpp terminal, the 

overshoot voltage of its pulse should not be exceeded l4V. 
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TC57H2580-70, TC57H256D-85 

IERASURE CHARACTERISTICS/ 
The TC57H256D'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 does (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 dis
tance of lcm 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 does is 
12000 [~w/cm2] x (20 x60) [sec] 5 15 [w'sec/cm2].) 
The TC57H256D's erasure begins to occur when exposed to light with wavelength shorter 
than 40001. The sunlight and the flourescent lamps will include 3000~4000A wave
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available. 

IOPERATION INFORMATIONI 
The TC57H256D's six operation modes are listed in the following table. 
Mode selection can be achived by applying TTL level signal to all inputs. 

~R) CE 
MODE (20) 

Read Operation Read L 

(Ta=O ~ 70·C) Output Deselect * 
Standby H 

Program L 
Program Operation 

Program Inhibit H (Ta=25±5·C) 
Program Verify * 

IREAD MODEl 

OE Vpp VCC 00 ~07 
(22) (1) (28) (11 ~ 13, l5~19) 

L Data Out 

H 5V 5V High Impedance 

* High Impedance 

H 1) 1) Data In 

H l2.5V 6V High Impedance 
2) 2) 

L l2.75V 6.25V Data Out 

1): HIGH SPEED PROGRfu~ MODE I, 
2): HIGH SPEED PROGRAM MODE IT 

POWER 

Active 

Standby 

Active 

The TC57H256D 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 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 of OE. 

!OUTPUT DESELECT MODEl 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 
So two or more TC57H256D's can be connected together on a common bus line. 
~~en CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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TC57H256D-70, TC57H256mH15 

ISTANDBY MODEl 
The TC57H256D has a low power standby mode controlled by the CE signal. 
By applying a high level to the or input, the TC57H256D is placed in the standby 
mode which reduce the operating current to 100~A by applying MOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the OE inputs. 

IPROGRAM MODEl 
Initially, when received by customers, all bits of the TC57H256D 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 TC57H256D is in the programming mode when the Vpp input is at l2.5V and CE is 
at TTL-Low under OE=VIH' 
The TC57H256D can be programmed any location at any time either individually, 
sequentially, or at random. 

IPROGRAM VERIFY MODEl 
The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at VIL' 

IPROGRAM INHIBIT MODEl 
Under the condition that the program voltage (+12.5V or l2.75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC57H256D from being programmed. 
Programming of two or more TC57H256D'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. 

I HIGH SPEED PROGRAM MODE I I 
The program time can be greatly decreased by using this high speed programming mode. 
The device is set up is 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 Progam 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. 
When programming has been completed, the data in all addresses should be verified 
with VCC=Vpp=5V. 
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TC57H258~70, TC57H256EHB5 

I HIGH SPEED PROGRAM MODE II 
FLot~ CHART 

ADDRESS= 
~ElI."T ADDRESS 

NG 

OVERPROGR-I ... \1 3X PULSES OF 1 msee 
OR OXE PULSE OF 3X msec DURATION 

XO 
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TC57H25&O-70, TC57H25&O-85 

I HIGH SPEED PROGRAf.1 MODE II I 
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. 

The programming is achieved by applying a single TTL 1m. level O.lms 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 O.lms is applied 

and then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

IThen programming has been completed, the data in all addresses should be verified 

with VCC=Vpp=5V. 
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TG57 H256 0-70, TG57 H2560-85 

'HIGH SPEED PROGRAM ~1ODE ITI 

FLOW CHART 

;\0 
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TC57H2560-70, TC57H256D-S5 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TC57H256D which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer coce and device code from 

TC57H256D 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 HSB (07). 

The follol~ing table shows electric signature of TC57H256D. 

~ AO 07 06 05 04 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Hanufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 0 1 0 0 0 1 0 1 45 

Notes: A9=12V±0.5V 

Al '" A8, AlO'" Al4, CE, OE=VIL 
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TC57H256D-78, TC57H256D-85 

IOUTLINE DRAWINGSj 

Unit in mm 

37.7MAX. 

28 27 26 25 24. 

t'l 
>< ~. N 0 ",0 

1 234. 56 78 9 W II U UK 

2.54±0.25 

II 

1.3±0.25 

+015 
0.46 -0.10 

Note 1 

-H ........ ~ ... 00 

'" +1 ... 
'" .,; "' .... .... C'{ 

0 

-~I~ , 

Note 1. Each lead pitch is 2.S4mm. All leads are located within O.2Smm 

of their true longitudinal position with respect Ho.l and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TC57H2560-70, TC57H2560-85 
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TOSHIBA MOS MEMORY PRODUCTS 
TC57H10240-S5, -10 

I DESCRI PTI ON I 
The TC57Hl024D is a 65,536 word x 16. bit CMOS ultraviolet light erasable and 

electrically programmable read only memory. 

The TC57Hl024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC57Hl024D is fabricated lvith the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 40mA/lMHz 
and access time of 85ns/lOOns. 

The programing times of the TC57Hl024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 

FEATURES 

• Peripheral circuit: 
~lerno=y cell 

• Fast access time 

CMOS 
N-MOS 

TC57Hl024D-85 : 
TC57Hl024D-lO : 

85ns 
lOOns 

• Low power dissipation 

Active : 
Standby: 

40mA/lMHz 
lO(ftJA 

jPIN CONNECTIONI (TOP VIEW) 

vpp vee 
CE PGM 

D15 N.C. 
D14 Al5 
D13 Al4 
Dl2 Al3 
DIl Al2 
DI0 All 

D9 AIO 
DB A9 

Vss Vss 
D7 AB 
D6 A7 
D5 A6 
D4 A5 
D3 A4 
D2 A3 
DI A2 
DO Al 
OE AO 

• Single 5V power supply 

• Full static operation 

• High speed programming operation: tpw O.lms 

• Input and output TTL compatible 

• JEDEC standard 40 pin: TC57HI024D 

• Standard 40 pin DIP cerdip package 

I PIN NAMESI 

AO '" A15 Address Inputs 

DO '" D15 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

VCC VCC Supply Voltage 

Vpp Program Supply Voltage 

VSS Ground 

N.C. No Connection 
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TC57H10240-85, -10 

IBLOCK DIAGR@J 

Vpp GND VCC 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 
AIO 
AI! 
Al2 
Al3 
AI4 
AI5 

I MODE SELECTION I 

~N 
MODE 

Read 
Output DeseJ.ect 

Standby 

Program 

Program Inhibit 

Program Verify 

* H or L 

I ~lAX I~1UM RATiNG sl 
SYMBOL 

CE 

L 

* 
H 

L 

H 

L 

L 

OE PGM 

L H 

H * 
* * 
* L 

* * 
H H 

L H 

ITEM 

COLUMN Vo CIRCUIT 

MEMORY CELL ARRAY 

65536 X 16 bi ts 

vPP Vce DO 'V DIS 

Data Out 

5V 5V High Impedance 

High Impedance 

Data In 

l2.75V 6.25V High Impedance 

Data Out 

RATING 

Vee Vee Power Supply Voltage -0.6'1,7.0 

Vpp Program Supply Voltage -0.6'1, 14.0 

VIN Input Voltage -0.6'1,7.0 

VIN (A9) Input Vpltage (A9) -0.6'1,13.5 

VIIO Input/Output Voltage -0.6'1, Vee+0.5 
PD Power Dissipation 1.5 

TSOLDER Soldering Temperature Time 260 • 10 

TSTRG Storage Temperature -65'1, 125 

TOPR Operating Temperature 0'1,70 
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TC57Hl0240-S5, -10 

IREAD OPERATIOI~I 

AC/DC RECOMMENDED OPERATING CONDITIONS 
SYl'1BOL PARAMETER TCs7Hl024D-8s!10 

Ta Ambient Temperature 0'V70°C 

VCC VCC PoV!er Supply Voltage sV±s% 
Vpp VPP PoV!er Supply Voltage OV'V VCC+O. 6V 

DC and OPERATING CHARACTERISTICS 

SYl'1BOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ItI Input Current VIN=O'V VCC - - ±10 I )JA 

CE=OV I Ieeo Operating Current tcvcle=l)Js - - 40 rnA 
IOUT=OmA ~ 

IceSl eE=vIH - - 1 I rnA 

IeCS2 
Standby Current 

eE=Vee- 0 •2V 100 )JA - -
VIR Input High Voltage - 2.2 - Vee+0.31 V 

VIL Input LoV! Voltage - -0.3 - 0.8 i V 

VOH Output High Voltage IOH=-40ChlA 2.4 - - V 

VOL Output LoV! Voltage IOL =2.lmA - - 0.4 V 

IpPl VPP Current Vpp=Vce±0.6V - - ±10 )JA 

Ito Output Leakage Current VOUT=0.4V'V Vee - - ±10 )JA 

AC CHARACTERISTICS (Vpp=OV 'V vce+O. 6V) 

SY!-lBOL PARAMETER TC57Hl024D-8s TC57Hl024D-lOO 
UNIT 

MIN. MAX. MIN. MAX. 

tACC Address Access Time - I 85 - 100 

tCE CE to Output Valid - 85 - 100 

tOE OE to Output Valid - 45 - 50 
ns 

tDFl CE to Output in High-Z 0 30 0 50 
tDF2 OE to Output in High-Z 0 30 0 50 

tOH Output Data Hold Time 5 - 10 -

AC TEST CONDITIONS 

Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Time IOns Max. 

Input Pulse Levels 0.4sV to 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC57H10240-85, -10.. 

CAPACITANCE *(Ta=25°C, f=lMHz) 

SYHBOL PARAt'1ETER TEST CONDITION HIN. TYP. MA.'>; • UNIT 

CIN Input Capacitance V1N=OV - 6 10 

COUT 
pF 

Output Capacitance VOUT=OV - 10 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AD - A15 J----------------~X'--------
• I 

tDF2 

HIC'trl - Z 
00 - 015 ----------{ DATA OUTPUTS HIGH - Z 
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TC57H10240-85, -10 

[HIGH SPEED PROGRAM OPERATIONI 

DC REcOt>1r,1ENDED OPERATING CONDITIONS 

SYNBOL PARAHETER BIN. TYP. HAX. UNIT 

VIH Input High Voltage 2.2 - VCc;+0.3 
VIL Input Low Voltage -0.3 - 0.8 

V 
VCC VCC Power Supply Voltage 6.00 6.25 6.50 
Vpp \'pp Po\{er Supply Voltage 12.50 12.75 13.00 

DC AND OPERATING CHARACTERSITICS (Ta=25±5°C, VCC=6.25±0.25V, Vpp=12.75±0.25V) 

S'{NBOL PARAHETER TEST CONDITION MIN. TYP. HAX. UNIT 

lLI Input Current Vn;=O 'V VCC - - ±l0 ]lA 

VOH Output High Voltage IOH=-400]lA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

ICC VCC Supply Current - - - 50 rnA 

IPP2 Vpp Supply Current VPP=13.0V - - 100 rnA 

AC PROGRA~1rH~'G CHARACTERSITICS (Ta=25:!.YC, VCC=6.25+0.25V, Vpp=12.75+0.25V) - -

snlBOL PARAHETER TEST CONDITION MIN. TYP. HAX. UNIT 

tAS Address Setup Time - 2 - - ]lS 

tAR Address Hold Time - 2 - - ]lS 

tCES CE Setup Time - 2 - - ]lS 

tCER CE Hold Time - 2 - - )JS 
tDS Data Setup Time - 2 - - ]lS 

tDH Data Hold Time - 2 - - ]ls 

tvs Vpp Setup Time - 2 - - ]lS 

tpH Program Pulse Hidth - 0.095 0.1 0.105 ms 

tOE OE to Output Valid - - - 500 ns 

tDF2 OE to Output in High-Z OE=VIL - - 150 ns 

tOES OE Setup Time - 2 - - ]lS 

AC TEST CONDITIONS 

Output Load I TTL Gate and CL (lOOpF) 

Input Pulse Rise and Fall Time IOns Hax. 

Input Pulse Levels 0.45V and 2.4V 

Timing Heasurement Reference Level: Input 0.8V and 2.2V, Output O.SV and 2.0V 
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TC57Hl0240-85, -10 

HIGH SPEED PROGRAM OPERATION 

TIMING CHART 

AO - A15 

tAH 

tOES 

00 - 015 
UNKNOIVN DIN STABLE DaUT VALID 

vpp tvs 

Note: 1. Vec 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 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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TC57Hl024D-85, .. 10 

~URE CHARACTERISTICS I 
The TC57Hl024D erasure is achieved by applying shortwave ultraviolet light which 

has a wavelength of 2537A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm2) x exposure time [sec.) for 

erasure shou~d be a minimum of 15 [W' sec/crn2). 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 

of lcm from t~e 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 TC57Hl024D erasure begins to occur when exposed to light with wavelength shorter 

than 4000A. The sunlight and the flourescent lamps will include 3000 rv 4000A wavelength 

components. Therefore when used under such lighting for extended periods of time, 

the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 

G)PERATION INFORMATIONi 

The TCS7Hl024D six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

~ CE OE PGM Vpp VCC DO rv DIS POWER 
"lODE 

Read L L H Data Out 
READ Active 
OPERATION Output Deselect * H * SV SV High Impedance 

Standby H * * High Impedance Standby 

PROGRAM Program L * L Data In 

OPERATION H * * Program Inhibit l2.7SV 6.2SV High Impedance Active 
(Ta=2S±SOC) L H H 

Program Verify L L H Data Out 
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TC57H1024D-85, -10 

IREAD MODEj 

The TC57H1024D has three 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 selection. 

Assuming in that CE=OE=V IL 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=V IL , PGM=V IH and all addresses are valid, the output data is valid at 

the outputs after tOE from the falling edge of OE. 

IOUTPUT DESELECT MODEj 

Assuming that CE=V IH or OE=V IH, the outputs will be in a high impedance state. 

So two or morc 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. 

I STANDBY MODEj 

The TC57H10Z4D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57H1024D is placed in the standby mode 

which reduce the operating current to lOO~A by applying MOS-high level (VCC) and then 

the outputs are in a high impedance state, independent of the BE inputs. 

j PROGRAM MODEj 

Initially, ~'hen received by customers, all bits of the TC57H1024D are in the "1" state 

which is erased state. 

Therefore the program operation is to introduce "0' s" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC57H1024D can be programmed any 

location at anytime either individually, sequentially, or at random. 
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TC57Hl0240-85, -10 

jPROGRAM VERIFY MODEj 

The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with DE and CE at VIL and PGM at VIR' 

JPROGRAM INHIBIT MODEJ 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a 

high level CE or PGM input inhibits the TC57Hl024D from being programmed. 

Programming of two or more EPRDMs in parallel with different data is easily ac

complished. 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. 

JHIGH SPEED PROGRAM OPERATIONj 

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=VIH' 

The programming is achieved by applying a single TTL low level O.1ms 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. 
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TC57H10240-85, .. 10 

HIGH SPEED PROGRAM OPERATION 

FLOW CHART 

NG 

NO 
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TC57Hl024D~85, -10 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TC57H1024D which identifies 

it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC57H1024D 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 conditions is 

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 (07). 

The following table shows electric signature of TC57H1024D. 

~ 01' Olc REX. AO 014 013 012 011 09 08 07 06 05 04 03 02 01 00 
SIGNATURE DATA 

Manufacture Code VIL * * * * * * * * 1 0 0 1 1 0 0 0 **98 

Device Code VIH * * * * * * * * 1 0 0 0 1 0 0 1 **89 

Notes: A9=12V±O.5V, Al'VA8, A10'V/l.15, CE, OE=VIL, PGM=VIH *: Don't Care 

DC AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VID A9 Auto Select Voltage 11.5 12.0 12.5 V 
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TC57Hl0240-S5, -10 

IOUTLINE DRA~ 

Unit in rnm 

52.6 M<\X. 

1- ~\ I 
140 21 

m- oo 
RlOO 0 

--' i _. 
+i 
co 

RO.64 
co 
:: 

20 

Note 1 

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.40 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 
TC57HI024D-85, 100 

IDESCRIPTIONI 

The TC57111024D is a 65,536 word x 16 bit CHOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC57111024D is JEDEC standard pin configuration. This proQuct is packed in 40 pin 
standard cerdip package. 

TC57Hl024D is fabricated ,.ith the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 50mA/ll.8HHz 
and access time of 85ns/100ns. 

The programing times of the TC57111024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 

FEATURES 

• Peripheral circuit: CMOS 
Merno~y cell N-MOS 

• Fast access time 

TC57111024P-85 : 
TC57Hl024D-lOO: 

85ns (VCC=5V±S%) 
lOOns (VCC=SV±lO%) 

• Low power dissipation 

Active : 
Standby: 

50mA/l1. 8MHz 
100iJA 

I P IN CONNECTIONi (TOP VIEtv) 

vpp vce 
CE PGM 

DIS N.C. 
D14 AIS 
Dl3 AU 
Dl2 Al3 
Dll Al2 
DIO All 

D9 AIO 
D8 A9 

Vss Vss 
D7 A8 
D6 
DS 
D4 AS 
D3 
D2 
Dl 
DO 
Of 

• Single 5V power supply 

Full static operation 

• High speed programming operation: tpw O.lms 

• Input and output TTL compatible 

• JEDEC standard 40 pin: TC57Hl024D 

• Standard 40 pin DIP cerdip pac~~ge 

I PIN NAMESI 

AO '" Al5 Address Inputs 

DO '" DlS Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

VCC VCC Supply Voltage 

Vpp Program Supply Voltage 

VSS Ground 

N.C. No Connection 
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TC57Hl0240-85, -100 

IBLOCK DIAGRAMI 

Vpp GND Vce 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 
AIO 
All 
A12 
AI3 
AI4 
AI5 

I MODE SELECTION I 

~N MODE 
Read 
Output DeseJ.ect 

Standby 

Program 

Program Inhibit 

Program Verify 

* H or L 

IMAXIMUM RATiNGSI 

SYMBOL 

CE 

L 

* 
H 

L 
H 

L 

L 

OE 

L 

H 

* 
* 
* 
H 

L 

ITEM 

PGM 

H 

* 
* 
L 

* 
H 

H 

OUTPUT BUFFERS 

COLUMN VO CIRCUIT 

MEMORY CELL ARMY 

65536 x 16 bits 

vPP vcc DO",D15 

Data Out 

5V SV High Impedance 

High Impedance 

Data In 

l2.7SV 6.2SV High Impedance 

Data Out 

RATING 

vce Vee Power Supply Voltage -0.6"'7.0 

VPP Program Supply Voltage -0.6"" 14.0 
VIN Input Voltage -0.6"" 7.0 

VIN (A9) Input Voltage (A9) -0.6'" l3.S 
VI/O Input/Output Voltage .,..0.6 ""VCC+O.S 
PD Power Dissipation loS 

TSOLDER Soldering Temperature Time 260·10 
TSTRG Storage Temperature -65'" 125 

TOPR Operating Temperature 0"'70 
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TC57HtIJ240-85, -100 

I READ OPERA TI0i41 

AC/DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER TC57HlO24D-85 I TC57HlO24D-IOO 
Ta Ambient Temperature 0",70G C 

VCC VCC Power Supply Voltage 5V±5% I 5V±10% 

VPP VPP Power Supply Voltage OV '" VCc+0.6V 

DC and OPERATING CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ItI Input Current VIN=O'" VCC - - flO IlA 

ICCOI CE=OV I tcycle=85ns - - 50 

ICC02 
Operating Current 

IOUT=OmA I tcycle=lJl s 
mA - - 30 

ICCSI CE=VIH - - 1 mA 

ICCS2 
Standby Current 

CE=Vce-O•2V - 100 IlA -
VIH Input High Voltage - 2.2 - VCC+0.3 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.lmA - - 0.4 V 

IpPl VPP Current Vpp=Vec±0.6V - - flO IlA 

110 Output Leakage Current VOUT=0.4V'" Vec - - ±10 IlA 

AC CHARACTERISTICS (Vpp=OV '" Vcc+O. 6V) 

SYMBOL PARAMETER TC57Hl024D-85 TC57Hl024D-lOO 
UNIT 

MIN. MAX. MIN. MAX. 

tACC Address Access Time - 85 - 100 

tCE CE to Output Valid - 85 - 100 

tOE OE to Output Valid - 45 - 50 
ns 

tDFl CE to Output in High-Z 0 30 0 50 
tDF2 OE to Output in High-Z 0 30 0 50 

tOH Output Data Hold Time 5 - 10 -

AC TEST CONDITIONS 

Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Time IOns Max. 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs O.SV and 2.2V Outputs O.BV and 2.0V 
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TC57Hl024D-85, 100 

CAPACITANCE *(Ta=2S·C, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 6 10 
COUT 

pF 
Output Capacitance VOUT=OV - 10 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO - AI5 

teE 

tDF2 

HIGH - Z 
00 - 015 ---------{I DATA OUTPUTS HIGH - Z 
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TC57Hl0%40-85, -100 

iHIGH SPEED PROGRAM OPERATIONi 

DC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARM!ETER NIN. TYP. HAX. UNIT 

VIH Input High Voltage 2.2 - VCc+0.3 
VIL Input Low Voltage -0.3 - 0.8 

Vee Power 
V 

Vec Supply Vol tage 6.00 6.25 6.50 
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 

DC AND OPERATING CHARACTERSITICS (Ta=25±5°e, Vce=6.25±O.25V, Vpp=12.75±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'V Vee - - ±l0 \.IA 

VOH Output High Voltage IOH=-40DllA 2.4 - - V 
VOL Output Low Voltage IOL-2.1mA - - 0.4 V 

ICC VCC Supply Current - - - 40 rnA 
IpP2 Vpp Supply Current VPP=13 .OV - - 100 rnA 

AC PROGRAMMHIG CHARACTERSITICS (Ta=25±5°C, Vec=6.25+0.25V, Vpp=12.75+0.25V) - -
SYMBOL PARAMETER TEST COND!TION NIN. TYP. MAX. UN!T 

tAS Address Setup Time - 2 - - \.IS 

tAH Address Hold Time - 2 - - \.IS 

tCES CE Setup Time - 2 - - \.IS 

tCEH CE Hold Time - 2 - - \.IS 
tDS Data Setup Time - 2 - - \.Is 

tDH Data Hold Time - 2 - - \.Is 
tvs VPP Setup Time - 2 - - \.Is 

tpw Program Pulse Width - 0.095 0.1 0.105 ms 

tOE OE to Output Valid - - - 500 ns 

tDF2 OE to Output in High-Z OE=VIL - - 150 ns 

tOES OE Setup Time - 2 - - \.IS 

AC TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (lOOpF) 

• Input Pulse Rise and Fall Time IOns Max. 

• Input Pulse Levels 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.OV 
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lC57Hl0240-85, -100 

HIGH SPEED PROGRAM OPERATION 

TIMING CHART 

AO - AI5 

teEH 

00 - 015 
DIN STABLE 

vpp tvs 

Note: 1. Vee cust 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 14V. 
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TC57Hl0240-85, -100 

IERASURE CHARACTERISTICS I 

The TC57Hl024D erasure is achieved by applying shortwave ultraviolet light which 

has a wavelength of 2537A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm2] x exposure time [sec.]) for 

erasure shou:'.d be a minimum of 15 [W· sec/ cro2] • 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 

of lcm from t~e 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 (20x 60) [sec] ,.15 [W· sec/cro2].) 

The TC57Hl024D erasure begins to occur when exposed to light with wavelength shorter 

than 4000,\. The sunlight and the flourescent lamps will include 3000 'V 4000A 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 TC57Hl024D six operation modes are listed in the following table. 

~Iode selection can be achieved by applying TTL level signal to all inputs. 

~ CE OE PGM Vpp Vce DO 'V DIS 
~ODE 

Read L L H Data Out 
READ 
OPERATION Output Deselect * H * 5V 5V High Impedance 

Standby H * * High Impedance 

PROGRAM Program L * L Data In 

OPERATION H * * Program Inhibit l2.75V 6.25V High Impedance 
(Ta=25±5°C) L H H 

Program Verify L L H Data Out 
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TC57H10240-85, -100 

'READ MODEl 

The TC57Hl024D has three control functions. The chip enable (EE) controls the 

operation power and should be used for device selection. 

The output enable (OE) 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=V IL • PGM=V 1H and all addresses are valid, the output data is valid at 

the outputs after tOE from the falling edge of OE. 

'OUTPUT DESELECT MODEl 

Assuming that CE=V 1H or 0E=V 1H , the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When EE is decoded for device selection, all deselected devices are in low power 

standby mode. 

'STANDBY MODEl 

The TC57Hl024D has a low power standby mode controlled by the CE signal. 

By applying a high level to the EE input, the TC57Hl024D is placed in the standby mode 

which reduce the operating current to 100~A by applying MaS-high level (VCC) and then 

the outputs are in a high impedance state, independent of the 6E inputs. 

jPROGRAM MODEl 

Initially, when received by customers, all bits of the TC57H1024D are in the "I" state 

which is erased state. 

Therefore the program operation is to introduce "0' sIt data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC57Hl024D can be programmed any 

location at anytime either individually, sequentially, or at random. 
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TC57Hl0240-85, -100 

IPROGRAM VERIFY MODEl 

The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with DE 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 TC57H1024D from being programmed. 

Programming of two or more EPRDMs in parallel with different data is easily ac

complished. 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. 

IHIGH SPEED PROGRAM OPERATION I 

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=VIH • 

The programming is achieved by applying a single TTL low level O.lms 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 D.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. 
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TC57Hl0240-85, -100 

HIGH SPEED PROGRAM OPERATION 

FLOW CHART 

NG 

NO 
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TC57Hl0240-85, -100 

JELECTRIC SIGNATURE MODEJ 

Electric signature mode allows to read out a code from TCS7H1024D which identifies 

it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TCS7H1024D 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 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 (07). 

The following table shows electric signature of TCS7Hl024D. 

~ 01' Ol( HEX. AO 014 013 012 011 09 08 07 06 OS 04 03 02 01 00 
SIGNATURE DATA 

Manufacture Code VIL * * * * * * * * 1 0 0 1 1 0 0 0 **98 

Device Code VIH * * * * * * * * 1 0 0 0 1 0 0 1 **89 

Notes: A9=12V±O.SV, Al'VA8, A10'VAlS, CE, OE=VIL, PGM=VIH *: Don't Care 

DC AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER MIN. TYP. HAX. UNIT 

VID A9 Auto Select Voltage 11.S 12.0 12.S V 
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TC57H1D240-85, -100 

IOUTLINE DRAWINGsl 

Unit in IIDD 

52.6 MAX. 

!l.9 TYP. 

40 21 

Rl00 

RO.64 

20 

~ 
0.46±0.05 

Note 1 

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.40 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

JDESCRIPTION! 

TC58257 AP/AF-17 LV, TC58257 AP/AF-20LV 
TC58257AP/A~25LV 

TC58257AP/AF is a 32,768 word x 8 bit electrically chip erasable and programmable read 
only memory, and molded in a 28 pin plastic package. The TC58257AP/AF's access time is 
l70ns/200ns/250ns, and has low power standby mode which reduces the power dissipation 
without increasing access time. The electrical characteristics are the same as U.V.EPROM 
TC57256AD's. For program operation, the programming is achieved by using the high speed 
programming mode. The TC58257AP/AF has an electrically chip erasing mode which can erase 
whole bits at the same time. 

IFEATURES! 

• Peripheral circuit: CMOS 
Memory cell 

• Fast access time: 
NMOS 

TC58257AP/AF-17LV 
TC58257AP/AF-20LV 
TC58257AP/AF-25LV 

• Low power dissipation 
Active: 30mA/5.9MHz 
Standby: 100]JA 

170ns 
200ns 
250ns 

Full static operation 
High speed programming mode 
Electrically chip erasing mode 
Inputs and outputs TTL compatibility 

• Pin compatible with MASK ROM TC53257P, 
TMM23256P, EPROM TMM27256D/AD, and 
TC57256D/AD, one time PROM 
TMM24256P/AP/AF and TC54256P/AP/AF 

• Standard 28 pin DIP 
plastic package 

Plastic Flat package: 
TC58257AP 
TC58257AF 

Vpp Ycc 
I BLOCK DIAGRAM! 00 07 

AI2 Al4 
A7 AI3 
A6 AS 

Vpp 0-.,--------1 
'--------' A5 A9/ERS 

A4 All 
A3 OE 
A2 8 AIO 
Al CE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

JPIN NAMES! 
A (h,A 14 Address Inputs 
OO'\, 07 Output (Input) 

Chip Enable CE Input 
Output Enable 

OE Input 
Address And 

A9/ERS Erase Control 
Input 

Vpp Program And 
Erase Power 
Supply Volta~e 
vcc Power Vce Supply Voltage 

GND Ground 

AO 
f 

A9/ERS 
f 

AI4 

IMODE SELECTIONI 

~n Mode 
Read 
Output Deselect 
Standby 
Program 
Program Inhibit 
Program Verify 
Chip Erase 
Chip Erase Inhibit 
*: VIR or VIL 

ADDRESS 
BUFFER 

CE OE A9 

L L ,~ 

* H * 
H * * 
L H * 
H * * 
L L * 
L 

: 12V H 

- J-3 -

32.768 x 8 

Vpp tvcc AO'\,A8 OO'\, 07 (lQ'\,14 ) 

* Data Output 
5V 5V * High Impedance 

* High Impedance 
* Data Input 

l2V 5V * High Impedance 

* Data Out 

* Data FF(H)Input 
l2V 5V 

* High Impedance 

Pow'er 

Active 

Standby 

Active 

Active 



TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257 AP / AF-25LV 

t~AX n1ut~ RATING S 

SYNBOL ITEM 

VCC Vce POv7er Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

TSOLDER Soldering Temperature· Time 

TSTG Storage Temperature 

TOPR Operating Temperature 

NEW Erase virite Endurance 

READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Vec Power Supply Voltage 

Vpp VPP Power Supply Voltage 

MIN. 

2.2 

-0.3 

4.50 

Vee-0.6 

RATING UNIT 

-0.6'" 7.0 V 

-0.6'" 14.0 V 

-0.6"'7.0 V 

-0.6", Vee+0.5 V 

1.5 W 

260 • 10 °e • sec 

-65", 125 °e 

-10'070 °c 

100 Cycles 

TYP. MAX. UNIT 

- VCC+0•3 V 

- 0.8 V 

5.00 5.50 V 

Vec Vee+0.6 V 

DC AND OPERATING CHARACTERISTICS (Ta=-lO'V 70°C, Vee=5V±10%) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current rIN=O'V Vce - - flO ).lA 

IeCOl f=5.9MHz - - 30 
Operating Current CE=OV rnA 

Ice02 f=lMHz - - 10 

IceSl CE=VIH - - 1 rnA 

ICCS2 
Standby Current 

eE=VCC-0.2V 100 ).lA - -
VOH Output High Voltage IOH=-400).lA 2.4 - - V 

VOL Output Low Voltage I OL=2.lrnA - - 0.4 V 

IpPl Vpp Current Vpp=VCC-O.6'VVce+0.6 - - ±10 ).l~ 

110 Output Leakage Current VOUT=0.4 '" VCC - - ±l0 ).lA 
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TC58251 AP / AF-l1 LV, TC58251 AP / AF-20LV 
TC58251AP/AF-25LV 

AC CHARACTERISTICS (Ta=-lO'V 70°C, VCC=5V±10%, Vpp=VCC±0.6V) 

SYNBOL PARAHETER 

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 High-Z 

tOH Output Data Hold Time 

AC TEST CONDITIONS 
Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

-17 -20 
TEST CONDITION 

MIN. NAX. NIN. NAX. 

CE=OE=VIL - 170 

OE=VIL - 170 

CE=V IL - 70 

OE=VIL 0 60 

CE=V IL 0 60 

CE=OE=VIL 0 -

1 TTL Gate and CL=lOOpF 
IOns Nax. 
0.45V'V 2.4V 

- 200 

- 200 

- 70 

0 60 

0 60 

0 -

-25 

MIN. NAX. 

- 250 

- 250 

- 100 

0 90 

0 90 

0 -

Timing Heasurement Reference Level: Inputs 0.8V and 2.2V, Outputs O.SV and 2.0V 

CAPACITANCE *(Ta=25°C, f=lHHz) 

SYHBOL PARAMETER TEST CONDITION MIN. TYP. NAX. 

CIN Input Capacitance V1N=OV - 4 6 

COUT Output Capacitance VOUT=OV - 8 12 

* This parameter is periodically sampled and is not 100% tested. 

THllHG vIAVEFORr~S (READ) 

AO-A14 ~ 
I~-------"I 

,.."...,.."..,..,.;.,...,-'" teE 

HIGH Z 
00-07 DATA OUTPUT 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 



TC58257AP/~17ll, TC58257AP/A~28l1 
TC58257 API AF-25l1 

PROGRAt-1 OPERATION 

DC REcm~MENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Vce Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. TYP. MAX. 

2.2 - VCC+1.0 
-0.3 - 0.8 

4.5 5.0 5.5 
ll.5 12.0 12.5 

DC AND OPERATING CHARACTERISTICS (Ta=-lO-v 70°C, VCC=5.0V±lO%, Vpp=12.0V±0.5V) 

SYHBOL PARANETER TEST CONDITION HIN. TYP. MAX. 

ItI Input Current VIN=O-vVCC - - 10 
VOH Output High Voltage IOH=-4OOlJA 2.4 - -
VOL Output Low Voltage IOL=2.lrnA - - 0.4 

ICC VCC Supply Current - - - 40 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

AC PROGRA~l~lING CHARACTERISTICS (Ta=-lO-v 70°C, VCC=5.0V±10%, Vpp=12.0V±O.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tAS Address Setup Time - 2 - -
tAH Address Hold Time - 2 - -
tCES CE Setup Time - 2 - -
tCEH CE Hold Time - 2 - -
tOES OE Setup Time - 2 - -
tOEH OE Hold Time - 2 - -
tDS Data Setup Time - 2 - -
tDH Data Hold Time - 2 - -
tvs VPP Setup Time - 2 - -
tpw Initial Program Pulse Hidth CE=VIL, OE=VIH 0.95 1.0 1.05 
topw Overprogram Pulse vlidth Note 1 0.95 1.0 26.25 

tDV CE to Output Valid OE=VIL - - 1 
tDFl CE to Output in High-Z OE=VIL - - 150 

AC TEST CONDITIONS 

Output Load 1 TTL Gate and CL (lOOpF) 

• Input Pulse Rise and Fall Times IOns Max. 

• Input Pulse Levels O.45V -v 2.4V 

UNIT 

V 

V 

V 
V 

UNIT 

lJA 
V 

V 

rnA 

rnA 

UNIT 

lJs 

lJS 
lJs 

lJs 

lJS 

lJs 

lJS 

lJs 

lJS 
ms 

ms 

lJS 
ns 

• Timing Measurement Reference Level: Input O.8V and 2.2V, 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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TIMING WAVEFORr'1S (PROGRAM) 

(Vee=S.OV±10%, Vpp=12.0V±O.SV) 

AO-A14 x 
~\['} 

tDS 

00-07 
/ 

DIN STABLE 
\ 

Ypp 
tyPS 

Yee tyes 

PROGRAM 

TC58f51 IP/IF-lllI, . TC58f5l AP/AF-2Il1 
TC5825l AP/AF-25l1 

x= 
tAR 

I 

teER J~ '~ 

~ 
tDFP 

" tDH tOE 

\. I 
DOUT YALID 

I\. 
/ '\ 1/ 

PROGRAM YERIFY 

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=12.0V 

may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V 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 14V. 

- J-7 -



TC58257AP/A~17LV, TC58257AP/A~28LV 
TC58257AP/AF-25LV 

ERASE OPERATION 

DC RECOt1MENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. 

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.3 

VCC VCC Power Supply Voltage 4.5 

VPP VPP Power Supply Voltage 11.5 

VIHH Input High Voltage H 11.5 

DC AND OPERATING CHARACTERISTICS (Ta=-lO'V 70°C, VCC=5V±10%) 

SYHBOL PARAMETER TEST CONDITION 

ILl Input Current VIN=O'V VCC 

ILIE A9/ERS Input Current A9 /ERS=O 'V VIHH 

ICC VCC Supply Current -
IpP2 VPP Supply Current Vpp=12.5V 

TYP. MAX. 

- VCC+l.O 

- 0.8 

5.0 5.5 

12.0 12.5 

12.0 12.5 

MIN. TYP. MAX. 

- - ±10 

- - ±100 

- - 40 

- - 50 

AC ERASING CHARACTERISTICS (Ta=-lO'V 70°C, VCC=5V±10%, Vpp=12.0V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tCES CE Setup Time - 2 - -
tCEH CE Hold Time - 2 - -
tOES OE Setup Time - 2 - -
tOEH OE Hold Time - 500 - -
tDS Data Setup Time - 2 - -
tDH Da ta Hold Time - 500 - -
tvs VPP Setup Time - 2 - -
tVH Vpp Hold Time - 500 - -
tES A9/ERS Setup Time - 2 - -
tEH A9/ERS Hold Time - 2 - -
tEW Erase Pulse Width CE=VIL,OE=VIH,A9=VIHH 1950 2000 2050 
tDFl CE to Output in High-Z OE=VIL - - 150 

Input Pulse Rise and Fall Time: IOns Max. 

Input Pulse Levels 0.45V'V 2.4V 
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UNIT 

V 

V 

V 

V 

V 

UNIT 

llA 

llA 

rnA 

rnA 

UNIT 

llS 

llS 

llS 

llS 

lls 

llS 

llS 
llS 

lls 

llS 

ms 

ns 



TC58257AP/AF-17LI,TC58257AP/AF-20LI 
TC58257AP/AF-25LI 

nf'lI NG vIA V EFORI·1S (ERASE) 

(Vee=5V::IO~;, Vpp=12.0V::O.SV) 

AO~8.10~14 =<------><= 

00 -07 

I tOES 

tCE -r----+------+---.j, 5-i "" I "" k 
'~ t=J 

=~~)----J_ ,{I L~'----\,----_-_-

tOEH 

A9/ERS 

Vpp 

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=12.0V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to l4V for erase 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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TC582&7AP/A~17Lt TC58257AP/A~20LV 
TC58257AP/A~25LV 

~in 
Read 

CE OE A9 

Read L L * Read 

Operation 
Output Deselect * H * 
Standby H * * 
Program L H * Program 

Operation 
Program Inhibit H * * 
Program Verify L L * 

Erase Erase L H 
12V Operation Erase Inhibit H .c 

Note: R; VIR' L; VIL, *; VIR or VIL 

READ MODE 

Vpp VCC 00 'V 07 Power 

Data Out 
Active 

SV SV High Impedance 

High Impedance Standby 

Data In 

12V SV High Impedance Active 

Data Out 

Data FF(H) Input 
12V SV Active 

High Impedance 

The TCS82S7AP/AF 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 selection. Assuming that CE=OE=VIL, the output 

data is valid at the outputs after address access time from stabilizing of all ad

dresses. 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. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. So two 

or more TCS8257AP/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 MODE 

The TC58257AP/AF has a low power standby mode controlled by the CE signal. By applying 

a high level to the CE input, the TCS82S7AP/AF is placed in the standby mode which re

duce the operat.ing current to IOOlJA 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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PROGRAM MODE 

TC58257AP/A~17LV, TC58257AP/A~20LV 
TC58257 API A~25LV 

Initially, when received by customers, all bits of the TC58257AP/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 TC58257AP/AF is in the 

programming mode when the Vpp input is at 12V and CE is at TTL-Low under OE=VIH. 

The TC58257AP/AF can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly programmed on the programmed 

bits. The verify is accomplished with OE at VIL. 

PROGRAM INHIBIT f~ODE 

Under the condition that the program voltage (+12.0V) is applied to VPP terminal, a high 

level CE input inhibits the TC58257AP/AF from being programmed. Programming of two or 

more TC58257AP/AF's in 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. 

HIGH SPEED PROGRAMMING ~1ODE 

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 

(+12.0V) is applied to the VPP terminal with VCC=5.0V. The programming is achieved by 

applying a single TTL low level IOO~s 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 IOO~s is applied and 

then the programmed data is verified. The should be repeated until the program 

operates correctly (max. 25 times). 
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TC58257 API Af-17 LV, TC58257 API Af-20LV 
TC58257 API Af-25LV 

When programming has been completed, the data in all addresses should be verified with 

VCC=Vpp=5V. 

CHIP ERASE MODE 

The TC58257AP/AF is in chip erase mode when the Vpp input is l2.0V and CE is at TTL-Low 

level under the condition of A9=12V, OE=V1H• The chip erase pulse width is only 2 sec. 

Once chip is erased, all bits of the device are in "1" state. 

ERASE INHIBIT 

Under the condition that the erase voltage (12.OV) is applied to Vpp terminal and 12V 

is to A9 input, TTL-High level CE input inhibits the TC58257AP/AF from being erased. 
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TC58257AP/A~17LV, TC58257AP/A~20LV 
TC58257AP/A~25LV 

HIGH SPEED PROGRNl t10DE FLOW CHA.RT 

ADDRESS = 
NEXT ADDRESS 

NG 

OVERPROGRAM X PCLSE OF 1m. e c 
OR ONE PULSE OF X msec DURATION 

NG 

NO 

NG 
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TC58257AP/A~17L~ TC58257AP/A~20LV 
TC58257AP/A~25LV 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC58257AP/AF which indent

ifies its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 

TC58257AP/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 con

ditions is 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 electrir. signature of TC58257AP/AF. 

~ AO 07 06 05 04 03 02 01 00 REX. 

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 1 0 0 1 0 1 25 

Notes: A9=12V±0.5V 

Al 'V A8, AIO'V A14, CE, OE=VIL 
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OUTLINE DRAWINGS (TC58257AP) 

28 

37.0±O.2 

1.99TYP. 

1.4±O.1 

TC58257APJAF-l1LV, TC5l257AP/Af.28LV 
TC58257 AP/AF-25LV . 

Unit in mm 

0 

'" 15 'i' 
0 

'" 0 .... 
+1 '" .,; c ..... <to 
~ 

~ 
-/., 

<to 

'" 14 

~ 

"i 

1$1 O.25~ I 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.15mm. 
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TC58257AP/AF-17LI, TC58257 AP/AF-zeLI 
TC58257AP/AF-25LI 

OUTLINE DRAHINGS (TC58257AF) 

1 0 0 0 tl"-+I---r 

1.0 TYP. 

1.27 
1$10.25 ~I 

N "? 
<;; 0 
-H +1 
IX) IX) 

a5 .....; 

Unit in mm 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM24256BP/BF-17, -20 

!DESCRIPTIONI 
The T~24256BP/BF is a 32,768 words x 8 bits one time programmable read only memory, 

and molded in a 28 pin plastic package. 
The TMM24256BP/BF's access time is l70ns/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 V.V. EPROM 
TIlM27256BD's. 
Once progamed, the TIlM24256BP/BF can not be erased because of using plastic DIP without 
transparent window. 

!FEATURESI • Full static operation 
High speed programming mode I, E 

-17 I -20 
• Inputs and outputs TTL compatible 
• Pin compatible with TIlM27256D/AD/BD 

Vee 5V±5% • Standard 28 pin DIP plastic package: TIlM24256BP 

tAee 170ns I 200ns • Plastic Flat Package: TMM24256BF 

IeC2 100mA 

IeC1 30mA 
IBLOCK DIAGRAM! 

Vpp GND Vee 00 01 02 03 04 05 06 (1l 

IPIN CONNECTIONI (TOP VIEW) 

Vpp vee 
A12 AI4 AO 

A7 Al3 Al 
A6 AS A2 
AS A9 A3 

A4 All A4 

A3 OE AS 

A2 AIO 
A6 
A7 

Al CE AS 
AO 07 A9 32,76SxSbits 

00 06 AlO 
01 05 All 
02 04 Al2 

GND 03 
Al3 
Al4 

!PIN NN4ESi IMODE SELECTIONi 

AO", A14 Address Inputs ~ CE OE VPP VCC 00'" 07 POWER 
00'" 07 Outputs (Inputs) MODE (20) (22) (1) (28) (11"'13,lS"'19) 

CE Chip Enable Input Read L L Data Out Active 
Output Deselect * H 

OE Output Enable Input SV 5V High Impedance 
Standby H * High Impedance Standby 

Program Supply 
VPP Voltage Program L H 1) 6V1) Data In 

Program Inhibit H H l2.SV Active 
Pover Supply 2) 2) High Impecance 

VCC Program Verify * L 12.7SV 6.2SV Data Out 
Voltage (+SV) 

1) : HIGH SPEED PROGRAMMING MODE I *: H or L 
GND Ground 2): HIGH SPEED PROGRAMMING MODE n 
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TMM24256BP/BF-l1, -20 

HAXIMU~1 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 1.0/0.6* H 

TSOLDER Soldering Temperature' Time 260 • 10 ·C • sec 

TSTG Storage Temperature -55", 150 ·c 

TOPR Operating Temperature 0'" 70 ·C 

*: Plastic Flat Package 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCC+1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 VCC VCC+0.6 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=O'" 70·C, VCc=SV±S%) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O", VCC - - ±10 jJA 

ICCI Supply Current (Standby) CE=VIH - - 30 rnA 

ICC2 Supply Current (Active) CE=VIL - - 100 rnA 

VOH Output High Voltage I OH=-400jJA 2.4 - - V 

VOL Output Low Voltage I OL=2.lrnA - - 0.4 V 

IpPl Vpp Current Vpp=O'" VCC+O. 6V - - ±10 jJA 

ho Output Leakage Current VOUT=O.4V'" Vce - - ±l0 jJA 
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TI124256BP/BF-17, -20 

A.C. CHARACTERISTICS (Ta=O'V 70°C, VCC"5V±5%, Vpp=2.0V'V VCc+0.6V) 

SYMBOL PARAMETER 
TI1M242S6BP /BF-17 TI1M24256BP /BF-20 

UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time - 170 - 200 ns 
tCE CE to Output Valid - 170 - 200 ns 

tOE OE to Output Valid - 70 - 70 ns 

tDFl CE to Output in High-Z a 60 a 60 ns 

tDF2 OE to Output in High-Z 0 60 0 60 ns 

tOH Output Data Hold Time 0 - 0 - ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and C =lOOpF 

Input Pulse Rise and Fall Times IOns Max. 

• Input Pulse Levels 0.4SV'V 2.4V 

• Timing Measurement Reference Level: Inputs O.SV and 2.0V, Outputs O.SV and 2.0V 

CAPACITANCE* (Ta=2SoC, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUT Output Capacitnace VOUT=OV - 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

TI~lING WAVEFORr,1S (READ) 

HIGH Z HIGH Z 
00-07 DATA OUTPUTS 

- K-5-



TMM24256BP/BF-17, -20 

PROGRAr·l OPERATION (HIGH SPEED PROGRANHING MODE I) 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAHETER MIN. 

VIR Input High Voltage 2.0 
Vn Input Low Voltage -0.3 

VCC VCC Power Supply Voltage 5.75 

VPP VPP Power Supply Voltage 12.0 

TYP. MAX. UNIT 

- VCC+1.0 V 
- 0.8 V 

6.0 6.25 V 

12.5 13.0 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAHETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O", VCC - - ±lO ]JA 

VOH Output High Voltage IOH=-400]JA 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

ICC VCC Supply Current - - - 10C rnA 

IpP2 VPP Supply Current VPP=13.0V - - 50 rnA 

A.C. PROGRAt~t·lING CHARACTERISTICS (Ta=25±5°C, VCc=6V±O.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
t AS Address Setup Time - 2 - -
tAR Address Hold Time - 2 - -
tCES CE Setup Time - 0 - -
tCEH CE Hold Time - 0 - -
tOES OE Setup Time - 2 - -
tDS Data Setup Time - 2 - -
tDR Data Hold Time - 2 - -
tvps VPP Setup Time - 2 - -
tvcs VCC Setup Time - 2 - -
tpw Initial Program Pulse Width CE=VIL, OE=VIH 0.95 1.0 1.05 

topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 

tOE OE to Output Valid CE=VIH - - 150 
t DFP OE to Output in High-Z CE=VIR - - 130 

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 2.0V, 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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TMM24256BP/BF-17, -20 

PROGRAf.l OPERATION (HIGH SPEED PROGRAMMING MODE II) 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIR Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

MIN. TYP. ~IAX. UNIT 
2.0 - VCC+l.O V 

-0.3 - 0.8 V 

6.0 6.25 6.5 V 

12.5 12.75 13.0 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5"C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION HIN. TYP. }fAX. UNIT 
ItI Input Current VIN=O'V VCC - - ±10 uA 
VOH Output High Voltage IOH=-400uA 2.4 - - V 
VOL Output Low Voltage I OL=2.1rnA - - 0.4 V 

ICC VCC Supply Current - - - 100 rnA 

IpP2 VPP Supply Current VPP=13.0V - - 50 rnA 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5"C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. }fAX. UNIT 

tAS Address Setup Time - 2 - - )JS 

tAH Address Hold Time - 2 - - )JS 

tCES CE Setup Time - a - - ns 

tCEH CE Hold Time - a - - ns 

tOES OE Setup Time - 2 - - US 
tDS Data Setup Time - 2 - - us 

tDH Data Hold Time - 2 - - )Js 

tvps VPP Setup Time - 2 - - us 

tvcs VCC Setup Time - 2 - - )JS 

tpw Program Pulse Width CE=VIL, OE=VIH 0.095 0.1 0.105 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 end CL (lOOpF) 

• Input Pulse Rise and Fall Times IOns Max. 

• Input Pulse Levels 0.45V'V 2.4V 

Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TM M24256 BP /BF-17, -20 

TmING HAVEFORf'1S (PROGRAN) 

HIGH SPEED PROGRAMMING MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE IT (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-A14 :x ~ 
~ tAH 

I 
r---:-=-

~ r~X ~XX :x .~ 
toPW tcrn Y~ r-----1 

~ 
I tDFP 

"\ 
t ps tDH tOE 

I 

00-07 DIN STABLE DOUT VALID 

\ 

tvps 
VPP I 

vcc tvcs 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=12.5V±O.5V or Vpp=12.75V±O.25V 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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TI1M24258BP/lF~17 ;;·20 

OPERATION INFORt~ATION 

The ~~24256BP/BF's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

GE OE 

MODE (20) (22) 

Read L L 
Read Operation 

Output Deselect * H 
(Ta=O", 70°C) 

Standby H * 
Program L H 

Program Operation, 
lprogram Inhibit H H 

(Ta=25±5°C) 
Program Verify * L 

Note: H; VIH. L; VIL, *; VIH or VIL 

READ ~10DE 

Vpp VCC 00'" 07 
POWER 

(1) (28) (11 '" 13. 15'" 19) 

Data Out 
Active 

5V 5V High Impedance 

High Impedance Standby 

1) 1) Data In 

l2.5V 6V High Impedance Active 
2) 2) 

12.75V 6.25V Data Out 

1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE n 

The TMM24256BP/BF has two control functions. The chip enable (GE) 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 stabilizing of all addresses. 

The GE to output valid (tCE) is equal to the address access time (tACC). 

Assuming that GE=VIL and all addresses are valid, the output data is valid at the 

outputs after tOE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH. the outputs will be in high impedance state. 

So two or more TMM24256BP/BF'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. 
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TMM24256BP/BF-17, -20 

STANDBY 1'10DE 

The THM24256BP/BF has a low power standby mode controlled by the IT signal. 

By applying a high level to the CE input, the THM24256BP/BF is placed in the standby 

mode which reduce the operating current to 30mA from 100mA (about 70% reduction) by 

applying TTL-high level and then the outputs arc in a high impedance state, 

independent of the OE inputs. 

PROGRAH I~ODE 

Initially, when received by customers, all bits of the T}m24256BP/BF are in the 

"1" state which is erased state. 

Therefore the program operation is to introduce "0' s" data into the desired bit 

locations by electrically programming. 

The ~24256BP/BF is in the programming mode when the Vpp input is at l2.5V or l2.75V 

and CE is at TTL-Low level under OE=V1H • 

The TMM24256BP/BF can be programmed any location at anytime either individucally, 

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. 

PROGRAI·1 INHIBIT HODE 

Under the condition that the program voltage (12.5V or l2.75V) is applied to 

Vpp terminal, a TTL high level CE input inhibits the T}m24256BP/BF from being 

programmed. 

Programming of two or more TMM24256BP/BF'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. 
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TMM24256BP/BF-17, -20 

HIGH SPEED PROGRA~lmNG r·l0DE I 

This high speed programming mode I is performed at VCC=6.0V and Vpp=12.5V. 

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 

pulse width 3 times that needed for initi~l programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with VCC=Vpp=5V. 

HIGH SPEED PROGRAMMING ~10DE II 

The program time can be greatly decreased by using this high speed programming 

mode IL This high speed programming mode IT is performed at VCC=6.25V and 

Vpp=12.75V. The programming is achieved by applying a single TTL low level O.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 O.lms is applied and 

then the 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. 
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TMM24256BP /BF-17, -20 

HIGH SPEED PROGRAt1MING r·10DE I FLmJ CHART 

ADDRESS 
= NEXT ADDRES S 

OVERPROGRAM 3X PULSES OF 1mse. 
OR ONE PULSE OF 3X mse. DURATION 

NO 
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T •• 2425&BP/BF-17, -28 

HIGH SPEED PROGRANrHNG ~lODE n FLOH CHART 
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TMM24256BP /BF-17, -20 

ELECTRIC SIGNATURE MODE 
Electric signature mode allows to read out a code from T~~24256BP/BF which 

identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM24256BP/BF by using this mode before program operation and automatically set 

prcgram voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12Y is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data ouptut in this con

ditions is 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 TMM24256BP/BF. 

~S AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (ll) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIR 0 1 0 1 0 1 0 0 54 

Notes: A9=12V±0.5V 

Al"'A8, AlO"'A14, CE, OE=VIL 
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OUTLINE DRA~JINGS (THM24256BP) 

28 15 

14 

TMM24256BP/BF-17, -20 

Unit in rnm 

15.24±O.25 

I 
I· 
II 

I.J +0.1 
! 1.02 5 - 0.0 5 

0-15" 

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.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TMM24258BP/BF-17, -20 

OUTLINE DRAWINGS (TMM24256BF) 

Unit in mID 

28 15 

14 

I~ ~I ~11_ll.8_±O.3 ---:1 _-=I a~,--~~ 
~~ ~I T~ 

Note: Lead pitch is 1.27 and tolerance is ±0.12 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 MEMORYPRO,D,UCTS 
TMM24512AP/Af-20, -25 

IDESCRIPTION! 

The TMM245l2AP I AF is a 65,536 words x 8 bits one time programmable read only memory. 
and molded in a 28 pin plastic package. The 1}~245l2AP/AF's access time is 200ns/ 
250ns, 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 ~27Sl2AD's. Once programed. the TMM24Sl2AP/AF can not be 
erased because of using plastic DIP without transparent window. 

!FEATURESI 

-20 I -25 
VCC SV±S% 
tACC 200ns I 2S0ns 
ICC2 l20mA 
ICCI 35mA 

IPIN CONNECTION! (TOP VIEW) 

vee 
Al4 
Al3 
AS 
A9 
All 
OE/Vpp 
AlO 
CE" 
07 

18 06 
17 05 
16 04 

GN 15 03 

IPIN NAI4ESI 

AO'" AlS Address Inputs 

00 "'07 Outputs (Inputs) 

CE Chip Enable Input 

O"'P"'/ OE/Vpp Enable Program 
Input Supply 

Voltage 

VCC 
Power Supply 
Voltage (+SV) 

GND Ground 

Full static operation 
• High speed programming mode I. n 
• Inputs and outputs TTL compatible 
• Pin compatible with ~27Sl2D/AD 
• Standard 2G pin DIP plastic package: 
• Plastic Flat Package 

1}~245l2AP 

~24Sl2AF 

ISLOCK DIAGRAH I 

Vpp GND Vee 00 01 02 03 04 05 06 07 

AO 
AI 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

AlO 
All 
Al2 
A13 
Al4 
AIS 

It.10DE SELECTION! 

~ MODE 
Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 

CE UC/vpp 
(20) (22) 

L L 

* H 

H * 
L Vpp 

H VPP 

L L 

vce 
(28) 

SV 

6Vl) 

6.2SV 
2) 

ARRAY 
65,S36XSbi ts 

00'" 07 
(11"'13. 15"-19) 

Data Out 

High Impedance 

High Impedance 

Data In 

High Impedance 

Data Out 

*: H or L 1); HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PROGRAMMING MODE n 
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TMM24512AP/AF-20, -25 

r'IAXI~lUM 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 1.0/0.6* W 

TSOLDER Soldering Temperature. Time 260. 10 °C.sec 

TSTG Storage Temperature -55'" 150 °c 

TOPR Operating Temperature 0'" 70 °c 

*; Plastic Flat Package 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCC+1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=O'" 70°C, VCC=5V±5%) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIWO", VCC - - ±10 lJA 

ICCI Supply Current (Standby) CE=VIH - - 35 rnA 

ICC2 Supply Current (Active) CE=VIL - - 120 rnA 

VOH Output High Voltage IOH=-400lJA 2.4 - - V 

VOL Output Low Voltage IOL =2.lrnA - - 0.4 V 

IpPI Vpp Current Vpp=O '" VCC+O. 6V - - ±10 lJA 

1L0 Output Leakage Current VOUT=0.4V'" Vce - - ±l0 lJA 
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TMM24512AP/AF-20, -25 

A.C. CHARACTERISTICS (Ta=O"" 70°C, VCC=5V±5%) 

SYMBOL PARM-IETER 
THH245l2AP/AF-20 TMM245l2AP/AF-25 

UNIT 
HIN. l1AX. MIN. l1AX. 

tACC Address Access Time - 200 - 250 ns 
tCE CE to Output Valid - 200 - 250 ns 

tOE OE to Output Valid - 70 - 100 ns 

tOFl CE to Output in High-Z 0 60 0 90 ns 

tOF2 OE to Output in Righ-Z 0 60 0 90 ns 
tOR Output Oata Hold Time 0 - 0 - ns 

A.C. TEST CONDITIONS 
Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Time 10ns Max. 

Input Pulse Levels 0.45V"" 2.4V 

• Timing Measurement Reference Level: Inputs O.SV and 2.0V, Outputs O.SV and 2.0V 

CAPACITANCE* (Ta=25°C, f=lMHz) 

SYMBOL PARM-IETER TEST CONDITION MIN. TYP. MAX. UNIT 

CINl Input Capacitance VIN=OV - 4 6 pF 

CIN2 OE/Vpp Input Capacitance VIN=OV - 50 60 pF 

COUT Output Capacitance VOUT=OV - S 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

TI~lING WAVEFORr.1S (REAO) 

teE 

00-07 
HIGH Z 

DATA OUTPUT 
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PROGRA~l OPERATION (HIGH SPEED PROGRA}lliING MODE I) 

D.C. RECQt'1I4ENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCc+l. O V 
VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC 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, VCc=6V±0.25V, Vpp=12.5V±0.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O'V VCC - - ±10 ].JA 
VOH Output High Voltage IOH=-400].JA 2.4 - - V 

VOL Output Low Vol.tage IOL=2.lmA - - 0.4 V 

ICC VCC Supply Current - - - 120 rnA 

IpP2 VPP Supply Current Vpp=13.0V - - 50 rnA 

A.C. PROGRA~1tHNG 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 - -
tAH Address Hold Time - 2 - -
tOES OE/Vpp Setup Time - 2 - -
tOEH OE/Vpp Hold Time - 2 - -
tpRT OE/Vpp Pulse Rise Time - 50 - -
tDS Data Setup Time - 2 - -
tDH Data Hold Time - 2 - -
tVR ITE/Vpp Recovery Time - 2 - -
tvcs VCC Setup Time - 2 - -
tpw Initial Program Pulse Width CE=VIL. OE/Vpp=Vpp 0.95 1.0 1.05 

topw Overprogram Pulse Width Note 1 2.85 3.0 78.75 

tDV Data Valid from CE OE/VpP=VIL - - 1 
tDF CE to Output in High-Z OE/VpP=VIL - - 130 

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'V 2.4V 
Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.OV 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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PROGRAl1 OPERATION (HIGH SPEED PROGRAHMING MODE IT) 

D.C. RECDr1t,lENDED OPERATING CONDITIONS 

SYMBOL PARAMETER HIN. TYP. MAX. UNIT 
VIR Input High Voltage 2.0 - VCC+l.O V 
VIL Input Low Voltage -0.3 - 0.8 V 
VCC VCC Power Supply Voltage 6.0 6.25 6.5 V 
VPP VPP Power Supply Voltage 12.5 12.75 l3.0 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O", VCC - - ±10 IJA 
VOH Output High Voltage IOH=-4OOIJA 2.4 - - V 

VOL Output Low Voltage IOL=2.1rnA - - 0.4 V 

ICC VCC Supply Current - - - 120 rnA 
IpP2 VPP Supply Current Vpp=l3.0V - - 50 rnA 

A.C. PROGRAI~tHNG CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - IJS 

tAH Address Hold Time - 2 - - j.IS 
tOES OE/Vpp Setup Time - 2 - - IJS 

tOEH OE/Vpp Hold Time - 2 - - IJS 

tpRT OE/Vpp Pulse Rise Time - 50 - - ns 
t DS Data Setup Time - 2 - - IJS 
tDH Data Hold Time - 2 - - IJs 
tVR OE/Vpp Recovery Time - 2 - - IJs 

tvcs VCC Setup Time - 2 - - IJs 
tpw Program Pulse Width CE=VIL , OE/Vpp=Vpp 0.095 0.1 0.105 ms 

tDV Data Valid from CE OE/VpP=VIL - - 1 IJs 
tDF CE to Output in High-Z OE/VpP=VIL - - 130 ns 

A.C. TEST CONDITIONS 

• Output load 1 TTL Gate and CL (lOOpF) 

• Input Pulse Rise and Fall Times IOns Hax. 

• Input Pulse Levels 0.45V'V 2.4V 

• Timing Measurement Reference Level: Input O.8V and 2.0V, Output 0.8V and 2.0V 
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TIf.1ING HAVEFORI·1S (PROGRAM) 

HIGH SPEED PROGRA}~jING MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE IT (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-.US X I 

~ , I tVR t .ill 

~ \ / 
1

10m 
tpRT 

~ ~ 
OE/Vpp II \ 

I 

I~r- too tDY 2E -
00-07 

I J DIN STABLE DOUT VALID 
I \ I( 

I 

Vee tyes PROGRA.\( PROGRAM VERIFY 

I 

Note 1. Vee must be applied simultaneously or before Vpp and cut off 

simultaneously of after Vpp. 

2. Removing the device from socket and setting the device in socket 

with Vpp=12.5V±O.5V or Vpp=12.75V±O.25V 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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OPERATION INFOR/'-1ATION 

The 1}lli24512AP/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 

MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta=O", 70°C) 
Standby H 

Program L 
Program Operation 

(Ta=25±5°C) 
Program Inhibit H 

Program Verify L 

Note: H; VIH. L; VIL. *; VIH or VIL 

READ rl0DE 

OE/Vpp VCC 00", 07 
POWER 

(22) (28) (11"'13. 15'" 19) 
L Data Out 

Active 
H 5V High Impedance 

* High Impedance Standby 

Vpp 
6V1) 

Data In 

Vpp High Impedance Active 

L 6.25V2) Data Out 

1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PORGRAMMING MODE E 

The T~lli24512AP/AF 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 selection. Assuming the CE=OE=VIL. 

the output data is valid at the outputs after address access time from stabilizing 

of all addresses. The CE to ouptput 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. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TMM24512AP/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. 
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STANDBY ~'10DE 

The T~ill245l2AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the Trill245l2AP/AF is placed in the standby 

mode which reduce the operating current to 35mA from l20mA (about 70% reduction) by 

applying TTL-high level and then the outputs are in a high impedance state, 

independent of the OE inputs. 

PROGRAM NODE 

Initially, when received by customers, all bits of the TMM245l2AP/AF are in the 

"I" state which is erased state. Therefore the program operation is to introduce 

"D's" data into the desired bit locations by electrically programming. The TMM::45l2AP/AF 

is in the programming mode when the OE/Vpp input is at l2.5V or l2.75V and CE is at 

TTL-Low level. The T~ill245l2AP/AF can be programmed any location at anytime either 

individually, sequentially, or at random. 

PROGRAt·' 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' 

PROGRAt,' INHIBIT HODE 

Under the condition that program voltage (12.5V or l2.75V) is applied to Vpp 

terminal, a TTL high level CE input inhibits the TMM245l2AP/AF from being programmed. 

Programming of two or more TMM245l2AP/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. 
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HIGH SPEED PROGRAMrmlG ~10DE I 

This high speed programming mode I is performed at vCC=6.aV and OE/Vpp=12.5V 

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 

pulse 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=5V. 

HIGH SPEED PROGRAt1MI NG MODE II 

The program time can be greatly decreased by using this high speed programming 

mode II:. This high speed programming mode II: is performed at VCC=6. 25V and OE/Vpp= 

12.75V. The programming is achieved by applying a single TTL Tow level a.lms pulse 

to the CE input after addresses and data stable. Then the programmed data is 

verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of a.lms is applied 

and then the 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=5V. 
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HIGH SPEED PROGRANMING MODE I FLOW CHART 

ADDRESS 
=NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imse c 
OR ONE PULSE OF 3X msec DURATION 

NO 
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HIGH SPEED PROGRAf.1mNG MODE n FLOW CHART 

NG 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM245l2AP/AF which 

identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TMM245l2AP/AF 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 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 f.llowing table shows electric signature of TMM245l2AP/AF. 

PINS 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=12V±0.5V 

AI'" A8. AlO'" Al5. CEo OE=VIL 
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OUTLINE DRAWINGS (TMM245l2AP) 

28 15 

14 

0.S±0.15 2.54 ±0.25 

!.4±0.1 5 

I 
I, 
II 
IJ 

TMM24512AP/AF-20, -25 

Unit in mm 

15.24±025 

II +0.1 ~.25 -0.05 

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 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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TOSHIBA MOS MEMORY PRODUCTS 
TC54256AP I AF-150 

I OESCR I PTION I 
The TC54256AP/AF is a 32,768 word>< 8 bit one time programmable read only memory, and 
molded in a 28 pin plastic package. The TC54256AP/AF's access time is l50ns 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: 30mA/6.7MHz 
Standby: 100IJA 

Fast access time: l50ns 
Single 5V power supply 
Full static operation 

Pin compatible with ROM TC53257P, TMM23256P, 
EPROM TMM27256D/AD, TC57256D/AD, One time 
PROM 1}M24256P/AP and TC54256P 

Standard 28 pin DIP plastic package: 
TC54256AP 

Plastic Flat Package: TC54256AF 

High speed programming mode I, IT 
Inputs and outputs TTL compatiblA IBLOCK OIAGRA~11 

!PIN CONNECTIONI (TOP VIEW) 

Vcc 
Al4 
AI3 
A8 
A9 

A4 All 
A3 OE 

AID 
Al CE 
AD 07 
00 06 
01 05 
02 04 

03 

I PIN NAW=SJ ~ 

A (Y\,Al 4 Address Inputs 
00'007 OU.!:.Euts (Inputs) 

CE Chip Enable Input 
OE Output Enable Input 

VPP Program Supply 
Voltage 

VCC VCC Supply Voltage 
(+5V) 

GND Ground 

Vpp GND vee 
00 01 02 03 04 OS 06 07 

AO ~J ~ ..• 

Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

AlO 
All 
A12 
A13 
A14 

lMOOE SELECTIONI 

~N 
MODE 
Read 
Output Deselect 
Standby 
Program 
Program Inhibit 
Program Verify 

CE OE 
(20) (22) 

L L 

* H 

H * 
L H 
H H 

* L 

VPP VCC 00'" 07 
(1) (28) (lh13, 15'019) 

Data Out 
5V 5V High Impedance 

High Impedance 

l2.S~ 6~) Data In 

2) 2) High Impedance 
l2.75V 10·25 Data Out 

* H or L 1); HIGH SPEED PROGRAM MODE I, 
2); HIGH SPEED PROGRAM MODE IT 
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TC54256API AF-150 

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 '" V ee+O . 5 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260 • 10 DC • sec 

TSTRG Storage Temperature -65 '" 125 °e 

TOPR Operating Temperature -40'" 85 DC 

READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+O.3 

VIL Input Low Voltage -0.3 - 0.8 
V 

Vee Vee Power Supply Voltage 4.50 5.00 5.50 

Vpp Vpp Power Supply Voltage Vee-0 . 6 Vee Vce+0. 6 

DC and OPERATING CHARACTERISTICS (Ta=-40 "'85°C, Vee=5V±l0%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=OV '" Vce - - ±10 lJA 

ICCOl 
eE=OV 

f=6.7MHz - - 30 
Operating Current mA 

ICC02 f=lMHz - - 15 

ICCSI CE=VIH - - 1 mA 

ICCS2 
Standby Current 

CE=Vee-0.2V - - 100 lJA 

VOR Output High Voltage IOH=-400lJA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IpPl Vpp Current Vpp=VCC±0.6V - - ±l0 lJA 

110 Output Leakage Current VOUT=0.4V"'Vee - - ±10 lJA 
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AC CHARACTERISTICS (Ta=-40'" 85°C, VCC=5V±10%, Vpp=VCC±0.6V) 

SYMBOL Pl,RAHETER TEST COl'.'UITION MIN. Mi\.X. l'~nT 

tACC Address Access Time CE=OE=VIL - 150 

tCE CE to Output Valid OE=VIL - 150 

tOE OE to Output Valid CE=V1L - 70 

tDFl CE to Output in 
ns 

High-Z OE=VIL 0 60 

tDF2 OE to Output in High-Z CE=VIL 0 60 

tOH Output Data in Hold Time CE=OE=VIL 0 -

AC TEST CONDITIONS 

Output Load 1 TTL Gate and CL=lOOpF 

Input Pulse Rise and Fall Times 10ns Max. 

Input Pulse Levels· 0.45V'V 2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25°C, f=IMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. HAX. 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 (READ) 

AO-AI4 

tOE 

HI<E Z 
DATA OUTPUTS 00-07 
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IHIGH SPEED PROGRAM M~ 

DC RECOMMENDED OPERATING CONDIT]ONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCc+l. O V 

VlL Input Low Voltage -0.3 - 0.8 V 
~-

VCC VCC Power Supply Voltage 5.75 6.0 6.25 V 
f--V 

Vpp Power Supply Vol ta ge 12.0 12.5 13.0 V pp 

DC and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.SV±0.SV) 

SYMBOL PARM1ETFR TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O "'VCC - - ±10 

VOH Output High Voltage IOW-400lJA 2.4 - -
1------'----- ~-~-

VOL Output Low Voltage IOL =2 . lOlA - - 0.4 
f---

ICC VCC Supply Current - - - 30 
1------'-' -.~-

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

VID A9 Auto Select Voltage - ll.5 12.0 12.5 

AC PROGRAMMI NG CHARACTER] STI CS (Ta=25±S ° C, Vcc=6V±0. 25V, Vpp=12. SV±o. 5V) 

SYMBOL PARPl'lETER 

tAS Address Setup Time 
'------ 1----------

tAB Address Hold Time 

tCES CE Setup Time 
--

tCEH CE Hold Tj_me 

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 

AC TEST CONDITIONS 
Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

TEST CONDITION MIN. 

- I 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 (IOOpF) 
IOns Max. 
0.45V'V2.4V 

TYP. MAX. 

- -
----

- -

- -
- -

- -
- -
- -

- -
- -
1 1. 05 

3 78.75 

- 100 

- 90 

UNIT 

lJA 

V 

V 

rnA 

rnA 

V 

UNIT 

lJS 
---

118 

ns 

ns 

lJS 

)JS 

)JS 

)JS 

).JS 

ms 

ms 

ns 

ns 

Timing Measurement RLference Level: Input 0.8V and 2.2V, Output a.sv 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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IHIGH SPEED PROGRAM OPERATI~ 

DC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vce+l. 0 V 

VIL Input Low Voltage -0.3 - O.B V 

Vec VCC Power Supply Voltage 6.00 6.25 6.50 V 
\'pp \'pp Power Supply Voltage 12.50 12.75 13.00 \. 

DC AND OPERATING CHARACTERISTICS (Ta=25±SoC, Vcc=6.25±0.2SV, Vpp=12.7S±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. HAX. UNIT 

ILl Input Current VIN=O '" VCC - - flO fJA 

VOH Output High Voltage IOH=- 4OOfJ A 2.4 - - \' 

VOL Output Low Voltage IOL=2.1rnA - - 0.4 V 

ICC VCC Supply Current - - - 30 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

VID 119 Auto Select Voltage - 1l.S 12.0 12.5 V 

AC PROGRAMMING CHARACTERISTICS (Ta=25±5°e, Vce=6.25±0.25V, Vpp=12.75±0.25V) 

SYMBOL PAPAMETER TEST CONDITIOl\ MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - fJS 

tAB Address Hold Time - 2 - - us 

tCES CE Setup Time - 0 - - ns 
-~ 

tCEH CE Hold Time - 0 - - ns 
t DS Data Setup Time - 2 - - I fJS 

tDH Data Hold Time - 2 - I - fJS , 
tvpS Vpp Setup Time - 2 - I - ].JS 

tvcs Vec Setup Time - 2 - - fJS 

tp1,r Program Pulse Width CE=VIL' OE=VIH 0.095 0.1 0.105 ms 

tOE OE to Output Valid CE=VIH - - 100 ns 

tDEP OE to Output in High-Z CE=VIH - - 90 ns 

AC TEST CONDITIONS 

Output Load 1 TTL Gate and eL (lOOpF) 

Input Pulse Rise and Fall Time IOns Max. 

Input Pulse Levels 0.4sV to 2.4v 

Timing Measurement Reference Level: Input O.BV and 2.2V, Output O.Bv and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (Vee=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAM MODE IT (Vee=6.25V±O.25V, Vpp=12.75V±O.25V) 

AO-Al4 x L 
tAS tpw ~ 
~O , 

~ 'XWb tcn :'1 'IXX>' tCES r "'l 

~ 
tDEP 

I tDH 

"\ 
tDS 

tOE 

00-07 DIN STABLE Dour VALID 

vPP 
tvps 

I 

--.I tvcs PROGRAM PROGRAM VERIFY .1 
I 

Vee 

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 (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. 

- K·36-



TC54258A'/AF-150 

IOPERATION INFORMATION I 

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 'I.> 07 
MODE (20) (22) (1) (28) 11 '1.>13. 15'1.>19) 

Read L L Data Out 
Read Operation 
(Ta=-4O'V8S·C) Output Deselect * H sv SV High Impedance . 

Standby H * High Impedance 

Program L H 1) 1) Data In 
Program Operation 2.SV 6v 
(Ta=2S±5°C) Pre gram Inhibit H H 2) 2) High Impedance 

Program Verify * L 2.7SV 6.2SV Data Out 

1); HIGH SPEED PROGRAM MODE I 
Hote: H; VIH. L; VIL. *; VIH or VIL • 2); HIGH SPEED PROGRAM MODE IT 

IREAD MODE I 

POWER 

Active 

Standby 

Active 

The TC.542.56Al'/AF has two control functions. The chip enable (fE) 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 fE=OE=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 of OE. 

IOUTPUT DESELECT MODEl 

Assuming that CE=VIH or OE=VIH. the outputs will be in a high impedance state. 
So two or more TC542S6AP/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. 

ISTANDBY MODEl 

The TCS42S6AP/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 lOOuA 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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TC54256API AF-150 

I PROGRAM MODEl 

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 i"s at l2.5V and EE is 
at TTL-Low level under OE~VIH' 
The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 

iPROGRAM VERIF~ 

The verify mode is to check that desired data is correctly programmed on the 
prograrmned bits. 
The verify is accomplished with OE at VIL and CE at VIH or VIL' 

~AM INHIBIT MODEl 

Under the condition that the program voltage (+12.5V or +12.75V) is applied to 
Vpp terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Programming 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. 

iHIGH SPEED PROGRAM MODE II 

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. 
When programming has been completed, the data in all addresses should be verified with 
VCC~Vpp=5V. 
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TC54256AP/AF-150 

ffir G H SP E ED PROGRAr~ MOD E::J!J 

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=6.2SV. 

The programming is achieved by applying a single TTL low level O.lms 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 O.lms is applied 

and then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

h~en programming has been completed, the data in all addresses should be verified 

"dth VCC=Vpp=SV. 
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TC54256API AF-150 

IHIGH SPEED PROGRAM MODE II 
FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 

NG 

NO 

NG 
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TC54256AP/AF-150 

IHIGH SPEED PROGRAM MODE ITI 

FLOW CHART 

NG 

NO 
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lC54256AP I AF-150 

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 algoritl~. 

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 

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) (ll) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Devic e Code VII-I 1 1 0 0 0 1 0 0 C4 

Notes: A9=12V±0.5V 

Al 'V A8, AlO 0" A14, CE, OE=VlL 
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OUTLINE DRAWINGS (DIP28-P-600) 

• TC54256AP 

28 15 

14 

37.0±0.2 

1,-----------------......... '- ~ 
+I 
o 

'" 1.99TYP. -!-~~:.:.. ~1~~I-0.2-5-@~1 ~ 
lA± 0.1 M 

TC54258API AF-151 

Unit in rnm 

o 

'" 
I 

-r--~~~----+ 0 

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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TC54258API Af-150 

OUTLINE DRAWINGS (SOP28-P-450) 

. TC54256AF 

l.OTYP. .II,0043±Ool J$IOo25®/ 

N 
o 
+I 
IX) 

oci 

Unit in nun 

. -

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoretical center 

of each lead that is obtained on the vasis of No.1 and No.28 leads. 
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TOSHIBA MOS MEMO'RY PRODUCTS 

IDESCRIPTIONI 

TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512A~20 

The TC54512AP/AF is a 65,536 word x 8 bit CHOS one time programmable read only memory. and 
molded in a 28 pin plastic package. For read operation, the TCS4S12AP/AF's access time 
is 170ns/200ns, and the TC54512AP/AF operates from a single 5-volt power supply and has 
low power standby mode which reduces the 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 30mA/5.9MHz and standby 
current to 100~A. The electrical characteristics and programming method are the same 
as U.V. EPROH TC575l2AD's. Once programmed, the TC545l2AP/AF can not be erased because 
of using plastic DIP without transparent window. 

I FEATURES/ 

• Peripheral circuit: CHOS 
Hemory cell N-MOS 

• Fast access time: 
TC54512AP/AF-17 l70ns 
TC545l2AP/AF-20 200ns 

Low power dissipation 
Active: 30mA/5.9HHz 
Standby: 100~A 

Full static operation 

AIS Vee 
AI2 A14 

A7 Al3 

A6 AS 
AS A9 
A4 All 
A3 OEYi'pp 
A2 AIO 
AI IT 
AO 07 
00 06 
01 05 
02 04 

GND 03 

IPIN NAMES! 
AO'" Al5 Address Inputs 
00'" 07 Outputs (Inputs) 

CE Chip Enable Input 

OE/Vpp 
Output~program 
Enable Supply 
Input Voltage 

VCC 
Power Supply 
Voltage (+5V) 

GND Ground 

• High speed programming mode I, n 
• Inputs and outputs TTL compatible 
• Standard 28 pin DIP plastic package: 
• 28 pin plastic Flat Package 

TC545l2AP 
TC545l2AF 

I BLOCK DIAGRAM I 
GND vee 00 01 02 03 04 05 06 07 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AlO 
All 
Al2 
Al3 
A14 
A15 

[NODE SELECTION! 

~N NODE 
Read 
Output Deselect 
Standby 
Program 
Program Inhibit 
Program Verify 

CE 
(20) 

L 

* 
H 
L 
H 
L 

OE!Vpp VCC 00'" 07 
(22) (28) (11",13, 15",19) 

L Data Out 
H 5V High Impedance 

* High Impedance 
VPP 6VI ) Data In 
VPP 2) High Impedance 

L 6.25V Data Out 

*: H or L 1): HIGH SPEED PROGRAMHING MODE I 
2): HIGH SPEED PROGRAHNING NODE n 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

IMAXIMUM RATINGS I 
SYMBOL ITEM 

VCC VCC Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

PD Power Dissipation 

TSOLDER Soldering Temperature.Time 

TSTG Storage Temperature 

TOPR Operating Temperature 

I READ OPERATION I 
D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

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 

260 . 10 "C'sec 

-65", 125 "C 

-40 "'B5 "C 

SYMBOL PARAMETER TC54Sl2AP/AF-17/TC54S12AP/AF~0 

Ta Operating Temperature -40 '" BS"C 

VCC VCC Power Supply Voltage SV±S% 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O '" Vce - - ±10 

110 Output Leakage Current VOUT=0.4 '" VCC - - ±10 

ICCOI CE=OV f=5.9MHz - - 30 
Operating Curr€nt 

ICC02 IOUT=OrnA f=lMHz - - 10 

ICCSI CE=VIH - - 1 
Standby Current 

ICCS2 CE=VCC-0.2V - - 100 

VIR Input High Voltage - 2.2 - VCC+0.3 

VIL Input Low Voltage - -0.3 - O.B 

VOH Output High Voltage I OH=-400lJA 2.4 - -
VOL Output Low Voltage IOL=2.lmA - - 0.4 

IpPI VPP Current Vpp=O '" V CC+O. 6 - - ±10 
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IlA 

IlA 

rnA 

rnA 

IlA 

V 

V 

V 

V 

lJA 



TC54512AP-17, TC54512AF-17 
TC54512~20, TC54512AF-28 

A.C. CHARACTERISTICS 

TC54512AP/AF-17 TC54512AP/AF-20 
SYMBOL PARAMETER TEST CONDITION UNIT 

MIN. HAX. MIN. MAX. 

tACC Address Access Time CE=OE=VIL - 170 - 200 ns 

tCE CE to Output Valid OE=VlL - 170 - 200 ns 

tOE OE to Output Valid CE=VIL - 70 - 70 ns 

tDF1 CE to Output in High-Z OE=VIL 0 60 0 60 ns 

tDF2 OE to Output in High-Z CE=VlL 0 60 0 60 ns 

tOR Output Data Hold Time CE=OE=Vn 0 - 0 - ns 

A.C. TEST CONDITIONS 

Output Load 1 TTL Gate and CL=100pF 

Input Pulse Rise and Fall Times 10ns Max. 

Input Pulse Levels 0.4SV'V2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE *(Ta=25°C. f=lMHz) 

SYMBOL PARAMETER TEST CONDITION HIN. TYP. MAX. UNIT 

CINl Input Capacitance VIN=OV - 4 6 pF 

CIN2 OE/Vpp Input Capacitance VIN=OV - 50 60 pF 

COUT Output Capacitance VOUT=V - 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

HIGH Z 
00-07 

- K-47-



TC54512AP.17, TC54512AF-17 
TC54512AP.20, TC54512AF-20 

IHIGH SPEED PROGRAM MODE 1/ 

DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC Vce Power Supply Voltage 
VPP Vpp Power Supply Voltage 

MIN. TYP. MAX. UNIT 

2.2 - Vee+1.0 V 

-0.3 - 0.8 V 

5.75 6.0 0.25 V 
12.0 12.5 13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25~5°e, Vce=6V±0.25V, Vpp=12.5v±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O "-VCC - - ±10 

VOH Output High Voltage I OH=-400\.lA 2.4 - -

VOL Output Low Voltage IOL=2.lrnA - - 0.4 

ICC Vce Supply Current - - - 30 
IpP2 VPP Supply Current Vpp=13.0V - - 50 

AC 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 
tDS Data Setup Time 

tDH Data Hold Time 

tVR OE/Vpp Recovery Time 

tvcs VCC Setup Time 
tpw Initial Program Pulse t,id th 

topw Overprogram Pulse Width 

tDV Data Valid from CE 

tDF CE to Output in High-Z 

AC TEST CONDITIONS 
Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

TEST CONDITION MIN. 

- 2 

- 2 

- 2 

- 2 

- 50 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OE/Vpp=Vpp 0.95 

Note 1 2.85 

OE/VpP=VIL -
OE/VPP=VIL -

1 TTL Gate and CL (lOOpF) 
IOns Max. 
0.45V '" 2.4V 

TYP. 

-
-
-
-
-
-
-
-
-

1.0 

3.0 

-
-

UNIT 

)JA 

V 

V 

rnA 

rnA 

MAX. 

-
-
-
-
-
-
-
-
-

1.05 

78.75 
I 

130 

Timing Measurement Reference Level: Input 0.8V and 2.0V, output 0.8V and 2.0V 

UNIT 

\.Is 

\.Is 

)JS 

\.IS 

ns 

\.IS 
)JS 

)JS 

)JS 

ms 

ms 
)JS 

ns 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

\HIGH SPEED PROGRAM MODE II \ 

DC RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER ~llN . TYP. MAX. UNIT 

VIR Input High Voltage 2.2 - Vce+1. 0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vec VCC Power Supply Voltage 6.0 6.25 6.5' V 
Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 V 

DC and OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6.25V±0.25V, Vpp=12.7sV±0.2sV) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O 'V VCC - - flO lJA 

VOH Output High Voltage VOH=-4OO11A 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

ICC Vce Supply Current - - - 30 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - SO rnA 

AC PROGRAMMING CHARACTERISTICS (Ta=2s±s·C, Vcc=6.25V±O.2sV, Vpp=12.7sV±0.2sV) 

SYMBOL PAP~!ETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - ps 

tAH Address Hold Time - 2 - - llS 

tOES OE/Vpp Setup Time - 2 - - llS 

tOEH OE/Vpp Hold Time - 2 - - llS 
------

tPRI . OE/Vpp Pulse Rise Time - 50 - - ns 

tDS Data Setup Time - 2 - - llS 

tDH Data Hold Time - 2 - - llS 

tVR OE/Vpp Recovery Time - 2 - - llS 

tvcs VCC Setup Time - 2 - - IlS 
----

tpI.J Program Pulse l.Jidth CE=VIL, OE/Vpp=Vpp 0.095 0.1 0.105 ms 
tDV Data Valid from CE OE/VpP=VIL - - I llS --
tDF CE to Output in High-Z OE/VPP=VIL - - 130 ns 

AC TEST CONDITIONS 

Output Load I TTL Gate and CL (lOOpF) 

Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.45V"o2.4V 

Timing Measurement Reference Level: Input 0.8v and 2.2V, Output 0.8v and 2.0V 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (VCC=6V±O.25V, Vpp=12.5V±O.5V) 

HIGH SPEED PROGRAMMING MODE II (Vce=6.2SV±O.2SV, Vpp=12.7SV±O.2SV) 

AO-A15 )< 
tAS 

~~ 
-~\ tAil 

OPIV / 
t PRT tOES ~~ 

Of/Vpp II \ 
tllS tllJl tov t lJF -, f-=-

00-07 <1 /lIN STABLE 1 °OUT VALID 

tvcs PHOGRAM PROGRAM VERI FY 

Note 1. Vee must be applied simultaneously or before VPP and cut off 

simultaneously or after Vpp. 

I\, 

C 

2. Removing the device from socket and setting the device in socket with 

Vpp=12.S±O.SV or Vpp=12.7S±O.2SV 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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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

IOPERATION INFORMATION I 
The TC545l2AP/AF's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

CE DE Vpp VCC 00'0 07 ~ER) 
MODE (20) (22) (1) (28) (11'013, 15"'19) 

Read L 
Read Operation 

Output Deselect * (Ta=-4Q '08S 0 C) 
Standby H 

Program Operation 
Program L 

(Ta=25± 5 ° C) 
Program Inhibit H 

Program Verify * 
Note: H; VIH, L; VIL' *: VIH or VIL' 

~]@ 

L Data Out 

H 5V SV High Impedance 

* High Impedance 

H Data In 

H 12.SV1) 6Vl ) High Impedance 

L 12.7Si) 6.25~ Data Out 

1); HIGH SPEED PROGRAM MODE I 
2); HIGH SPEED PROGRAM MODE II 

POWER 

Active 

Standby 

Active 

The TCS4512AP/AF has two control functions. The chip enable (EE) controls the 

operation power and should be used for device selection. The output enable (DE) 

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 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. 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

IOUTPUT DESELECT MODEl 

Assuming that CE~VIH or OE~VIH' the outputs will be in a high impedance state. So two 

or more TC545l2AP/AF's can be connected together on a common bus line. When CE is 

decode for device selection, all deselected devices are in low power standby mode. 

ISTANDBY MODE l 
The TC54512AP/AF has a low power standby mode controlled by the CE signal. By applying 

a high level to the CE input, the TC54512AP/AF is placed in the standby mode which re

duc~ the operating current to lOOwA by applying MOS-high level (VCC) and then the 

outputs are in a high impedance state, independent of the OE inputs. 

[fROGRAM MODE I 
Initially, when received by customers, all bits of the TC54512AP/AF ar~ in the "J" 

state which is erased state. Therefore the program operation is to introduce "O's" 

data into the desired bit locations by electrically programming. The TC54512AP/AF 

is in the programming mode when the OE/Vpp input is at 12.SV or 12.7SV and CE is at 

TTL-Low 1 eve 1. The TC545l2AP / AF can be programmC'd any loca t ion a t any time ei ther 

individually, sequentially, or at random. 

IPROGRAM VERIFY MODE I 
The verify mode is to check that desired data is correctly programmed on the pro

grammed bits. The verify is accomplished with OE/Vpp at VIL and CE at VIL' 

IPROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+l2.5V or +12.75V) is applied to Vpp 

terminal, a high level CE input inhibits the TC545l2AP/AF from being programmed. 

Programming of two or more TC545l2AP/AF's in 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. 
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I HIGH SPEED PROGRAM MODE I 1 

TC54512AP-17, TC54512Af-17 
TC54512AP-20, TC54512Af-20 

This high speed programming mode I is performed at VCC=6.0V and OE/Vpp=12.5V. 

The programming is achieved by applying a single TTL low level Ims 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 

3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with VCC=5V. 

IHIGH SPEED PROGRAM MODE II I 
The program time can be greatly decreased by using this high speed programming mode 

II. This high speed programming mode II is performed at VCC=6.2SV and OE/Vpp=12.75V. 

The programming is achieved by applying a single TTL low level O.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 O.lms is applied and 

then the 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=SV. 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512A~20 

IHIGH SPEED PROGRAM MODE II 

FLOW CHART 

NG 

ADDRESS 

= NEXT ADDRESS 

OVERPROGR~\I 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURAT 10 N 

NO 
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I HIGH SPEED PROGRAM MODE n I 
FLOW CHART 

NG 

NO 
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TC54512AP-17 ~ TC54512AF-17 
TC54512AP-20, TC54512AF-20 

NO 



TC54512"17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TCs4sl2AP/AF which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TCs4sl2AP/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 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 following table shows electric signature of TCs4s12AP/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 VIR 1 0 0 0 0 1 0 1 85 

Notes: A9=l2V±0.sv 

Al'VA8, AlO'VAls, CE, OE=VIL 
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TC54512Ap..17, TC54512AF-17 
TC54512Ap..20, TC54512A~20 

OUTLINE DRAWINGS (TC54512AP) DIP28-P-600 

1.99TYP. 

28 15 

'" 0 

~ +I "! 0 ", .. -
1,1 

'" 37.0±O.2 o 
+I 

~ ~ 
1..----------------,/- :>. -

'" o 

.11.O.5±O.1 1$-1 0.25 @I ~ 
l.4±O.l M 

Unit in mm 

0 

'" 
I 

0 

or, 
-0 
do ::j +, 

-...: '" 
~ ;! 

Note: Package width 'and length do not include mold protrusion, 

allowable mold protrusion is O.15mm. 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512A~20 

OUTLINE DRAWINGS (TCS4S12AF) SOP28-P-4S0 

l.OTYP. 

br-O-c[]-qJ-O-O -O-[P-[J-::U-O-O-( U-O -O-jp ;h~ 

Unit in mm 

~-

Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is O.ISmm. 
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TOSHIBA MOS MEMORY PRODUCTS 

IDESCRIPTIONl 

TC541000P/F-20, -25 
TC541001P/F-20, -25 

The TC54l000P/F and TC54l00lP/F <Ire 131,072 word x 8 bit one time programmable 

read only memory, and molded in a 32 pin plastic package. 

The access time of TC54l000P/F and TCS41001P/F are 200ns/250ns and has low power stand

by mode which reduces the power dissipation without increasing access time. The 

electrical characteristics and progr<lmming method are the same as V.V. EPROM TCS7l000D/ 

TC57l00ID's. Once programed, the TCS41000P/F and TCS4100IP/F can not be erased be

cause of using plastic DIP w'ithout transparent window. 

IFEATURESI 

Peripheral circuit: CMOS • Wide operating temperature range: -4~8SoC 

Memory cell N-MOS • Full static operation 

• Fast access time High speed programming operation: tpw O.lms 

TC541000P/F-20/TCS4100IP/F-20: 200ns • Input and output TTL compatible 

TC541000P/F-2S/TCS4100IP/F-25: 2S0ns JEDEC standard 32 pin: TCS4l000P 

• Low power dissipation 1M ~mOM compatible TC54l001P 

Active: 30mA/S.OMHz TCS41000P/TC54100IP: 

Standby: IOO~A (Ta=8S0C) Standard 32 pin DIP plastic package 

Single 5V po\Ver supply • TC541000F /TC54100IF: Plastic flat package 

IpIrJ CONNECTIONI (TOP VIEW) IPIN NAMESI 

vpp vcc vpp VCC 
(Reference) 

1 
A16 PG:\f BE 2 PG\I A15 1 28 Vcc 

)lC ,.us 3 NC A12 2 A14 
AI4 A12 4 AI4 A7 3 AI3 

AO'" A16 Address Inputs 
DO'" D7 Outputs (Inputs) 

CE 
Chip Enable 

Inputs 
A7 AI3 A7 5 A13 A6 A8 
A6 A8 A6 6 AS A9 
AS A9 AS 7 A9 All 

OE 
Output Enable 

Input 

A4 All A4 8 All AI6 
6E A3 24 AIO 

PGM Program Control 
Input 

.'1.10 A2 23 CE 
Al 11 EE Al CE 

.'1.0 D7 
AO 12 D7 AO 21 D7 

DO D6 
DO 13 D6 DO 20 D6 

DI D5 
DI 14 D5 Dl D5 D2 D4 
D2 IS D4 D2 15 D4 GND D3 

GND 16 D3 GND 16 17 D3 

TC541000P/'F TC541 001 P/'F 
( DI Mask RCM ) 

TC531000P 

Vce 
VCC Supply 
Voltage 

Vpp Program Supply 
Voltage 

GND iGround 
NC No Connection 
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TC541000P/F-20, -25 
TC541 001 P/F-20, -25 

!BLOCK DIAGRAM! 
Vpp GND vee 00 01 02 03 04 05 06 07 

DE ~r-~--~~--L-~ 
CE 

PGM 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AR 
A9 

A10 
All 
A12 
A13 
A14 
A15 
AJ 6 

!MODE SELECTIOlil 

~N MODE 

Read 
Output Deselect 

Standby 
Program 

Program Inhibit 

Program Verify 
*: H or L 

!MAXIMUM RATING~ 
SYMBOL 

PGM CE OE 

H L I L 

* " H 

* H * 
L L H 

* H * 
H L H 
H L L 

ITEM 

Vpp 

5V 

lZ.75V 

Vec Vee Power Supply Voltage 
Vpp Program Supply Voltage 

VIN Input Voltage 
vIla Input/Output Voltage 

PD Power Dissipation 

ARRAY 

J31,072x8bi ts 

VCC 00'007 

Data Out 
5V High Impedance 

High Impedance 
Data In 

High Impedance 6.Z5V 
High Impedance 

Data Out 

RATING 
-0.6 '07.0 
-0.6 '014.0 
-0.6'07.0 

-0.6 'OVce+0.5 
1.5 

TSOLDER Soldering Temperature • Time 260 • 10 
TSTRG Storage Temperature -65 '0125 
TOPR Operating Temperature -40 '085 
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POWER 

Active 

Standby 

Active 

UNIT 
V 
V 

V 
V 
W 

·C·sec 
·e 
·e 



I READ OPERA TI ONI 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAHETER MIN. TYP. 

VIH Input High Voltage 2.2 -
VIL Input Low Voltage -0.3 -
VCC VCC Power Supply Voltage 4.75 5.00 
Vpp Vpp Power Supplv Voltage VCC-0.6 VCC 

D,C. and OPERATING CHARACTERISTICS (Ta=-40 'v85°C, VcC=5\'±5%) 

SYMBOL PARAMETER TEST COl\DITION NIN. 

ILl Input Current VIWO'l..\'CC -
ICCOl CE=OV I f=5.0MHz -

Operating Current 
ICC02 IOUT=OrnA I f=Uffiz -
ICCS1 CE=VIH -

Standby Current 
ICCS2 CE=VCC-O.2V -
VOH Output High Voltage IOH=-400>1A 2.4 

VOL : Outl'ut Low Voltage I,~'L=2.1mA -
IpPl Vpp Current \'PP=VCC±0.6\' -

,ILO Output Leakage Current VOt.:T=O. 4V', VCC -

~,C. CH~RACTERISTICS (Ta=-40 ~85°C, VCC=5V±5~, Vpp =vCC±0.6V) 

, 

I 

I 

TC541000P/F-20, -25 
TC541 001 P/F-20, -25 

MAX. UNIT 

VCC+0 . 3 

0.8 
V 

5.25 

VCC+0.6 

TYP. ! '~.;x. UNIT 

- :':10 \lA 

- 30 
rnA 

- 10 

- 1 rnA 

- 100 \lA 

- ~ ,. - --'---
O.~ 

, 
- , 

i - ±10 ;JfI. 

- :':.10 >1.'1 

SYHBOL I TC541000P-ZO/TC541001P-20 TC541000P-25/TC541001P-25 
PARAHETER TC54 100 OF- 20/TC5.ll 00 1 f- 20 TC 541 0 OOF-2 5/TC 541 00 1 F- 2 5 L'NlT 

MIl\. H..".X. MIN. HAX. 

tAce I Adciress Access Time i - 200 - 250 

tCE ICE to Output \' aliG i - I 200 - I 250 --
tOE OE to Output Valid - 70 - 100 

tpCM PCM to Output Valid I 
I - 70 - 100 

ns 
tDn CE to Output in High-Z 0 60 0 90 

tDF2 OE to Output in High-Z 0 60 0 90 

tDF3 PCM to Output in High-Z 0 60 0 90 

tOH Output Data Hold Time 0 - 0 -

A.C. TEST CONDITIONS 
Output Load 1 TTL Gate and CL=100pF 

Input Pulse Rise and Fall Times IOns Max. 

Input Pulse Levels 0.4SV to 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2v Outputs 0.8V and 2.0V 
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TC541000P/F-20, -25 
TC541 001 P/F-20, -25 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TEST CONDITION MIN. TYP. 

VIN;OV - 4 

VOUT;OV - 10 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

teE 

tOE 

00-07 
HIGH Z 

DATA OUTPUT 
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MAX. UNIT 

8 

12 
pF 



jHIGH SPEED PROGRAM OPERATIONj 

D.C. RECOMMENDED OPERATING CONDITIONS 

S\l1BOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee vee Power Supply Voltage 

VPP Vpp Power Supply Voltage 

MIN. TYP. 

2.2 -
-0.3 -

6.00 6.25 

12.50 12.75 

TC541000P/F-20, -25 
TC541 001 P/F-20. -25 

MAX. UNIT 

Vec+l.O 

0.8 
V 

6.50 

13.00 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5"e, VCC=6.25±0.25V, Vpp=12.75±0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O "'Vee - - ±10 )JA 

VOH Output High Voltage IOH=-400)JA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

ICC VCC Supply Current - - - 30 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5"e, Vec=6.2S±0.25V, Vpp=12.75±O.2SV) 

S\l1BOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAs Address Setup Time - 2 - - )JS 

tAB Address Hold Time - 2 - - )JS 

tCES CE Setup Time - 2 - - )JS 

tCEH CE Hold Time - 2 - - )JS 

tDS Data Setup Time - 2 - - )JS 

tDH Data Hold Time - 2 - - )JS 

tvs VPP Setup Time - 2 - - )JS 

tpw Program Pulse Width - 0.095 0.1 0.105 ms 

tOE OE to Output Valid - - - 100 ns 

tDF2 OE to Output in High-Z CE=VIL - - 90 ns 

A.C. TEST CONDITIONS 

·Output Load 1 TTL Gate and CL (lOOpF) 

• Input Pulse Rise and Fall Time IOns Max . 

• Input Pulse Levels 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC541000P/F-20, -25 
TC541 001 P/F-20, -25 

HIGH SPEED PROGRAM OPERATION 

TIMING CHART 

AO-AI6 

tCES 

OO~07 UNKNOWN 

PGM 

Vpp 

tCEH 

DOUT VALID 

Note: 1. Vee 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 14V. 
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\OPERATION INFORMATION\ 

TC541000P/F-20, -25 
TC541081P/~20, -25 

The TC541000P/F/TC541001P/F's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

----------- PGH CE OE Vpp VCC 00 'v 07 POWER 

READ Read H L L Data Out 

OPERATION Deselct 
Active 

Outpu t * * H SV SV High Impedance 
(Ta=-4O"v8S" C) Standby * H 0/; High Impedance Standby 

Program L L H Data In 
PROGRAM 

* H * High Impedance 
OPERATION Program Inhibit l2.7SV 6.2S\' Active 
(Ta=2S±S"C) H L H High Impedance 

Program Verify H L L Data Out 

Note: H; VIH • L; VIL' *; VIH or VIL 

IREAD MODEl 

The TC54l000P/F/TCS41001P/F has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (aE) and the program control (PGH) control the output buffers. 

independent of device selection. 

Assuming in that CE=OE=VIL and PGH=\'IH, 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=V1L, PG}l=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 MODE] 

Assuming that CE=VIH or QE=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. 
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TC541000P/F-20, -25 
TC54IDOI P/F-20, -25 

ISTANDBY MODE I 
The TC541000P/F/TC541001P/F has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC541000P/F/TC541001P/F is placed in the 

standby mode which reduce the operating current to 100~A by applying MOS-high level 

(VCC) and then the outputs are in a high impedance state, independent of the OE 

inputs. 

I PROGRAM MODEl 

Initially, when received by customers, all bits of the TC541000P/F/TC541001P/F 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 levels required for all inputs are TTL. The TC541000P/F/TC541001PF can be 

programmed any location at anytime 

random. 

IPROGRAM VERIFY MODEl 

either irdividually, sequentially, or at 

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. 

I PROGRAM INHIBIT ~10DEI 

Under the condition that the program voltage C+12.75V) is applied to VPP terminal, 

a high level CE or PGM input inhibits the TC54l000P/F/TC541001P/F from being 

programmed. Programming of two or more EPROMs in parallel with different data is 

easily accomplished. That is, all inputs ex~ept 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. 
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iHIGH SPEED PROGRAM OPERATIONi 

TC541000P/F-20, -25 
TC541 001 P/F-ZO, -25 

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=VIH. 

The programming is achieved by applying a single TTL low level O.lms 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. 
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TC541000P/~20, -25 
TC541 001 P/F-20, -25 

\HIGH SPEED PROGRAM OPERATIONi 

FLOW CHART 

NG 

1\0 

1\G 

- K-68-



IELECTRIC SIGNATURE MODEl 

TC541000P/F-ZO, -25 
TC541 001 P/F-ZO, -Z5 

Electric signature mode allows to read out a code from TC541000P/F/TC54100IP/F which 

identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC541000P/F/TC541001P/F 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 

VIR' These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC541000P/F/TC541001P/F. 

SI~S AO 07 

Manufacture Code VIL 1 

trC541000P/~ I 
Device Code 

TC54100IP/~ 
VIH 

0 

Notes: A9=12V±0.5V 

Al "'A8, AIO "'A16, CE, OE=VIL 

PGM=VIH 

06 

0 

0 

0 
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05 04 03 02 01 

0 I I 0 0 

0 0 0 I 1 

0 0 0 I 1 

00 
HEX. 
DATA 

0 98 

0 86 

I 07 



TC54l000P/F-20, -25 
TC54l00l P/f-20, -25 

OUTLINE DRAWINGS 

32 17 

16 

Unit in nun 

I 
-r---f"i'==--------+o 

1 2± 0.2 

,..--------.l ~ 
'" o 

M 
o 
-f1 

----t-~ 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.ISmm. 
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OUTLINE DRAWINGS 
Plast:ic FP 

N M 
Co Co 
.j.j .j.j 

t- : Co - --

O<775TYP< O<775TYP< 

lC541 OOOP 1F-20, -25 
lC541 001 P/F-20, -25 

Unit: mm 

::: 
on <E 
M '" M N 
M "' -

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.ISmm. 
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TC541000P/F-20, -25 
TC541 001 P/F-20, -25 
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TOSHIBA MOS MEMORY PRODUCTS 

DESCRIPTION 

TC531000CP-12, TC531000CP 
TC531000CF-12, TC531000CF 

The TC531000CP/CF 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 memory of micro
processor, especially character generator. The TC531000CP/CF using CMOS technology is 
most suitable for low power applications where battery operation are required. 
The TC53l000CP/CF has one chip enable input CE/CE, programmable for device selection. 

FEATURES 

TC531000CP/CF 120ns 
Version 

Access Time (max.) l20ns 

Power Dissipation 40mA Operation Current (max. ) 

Power Dissipation 
20\lA Standby Current (max. ) 

PIN CorlNECTION 

VDD 
AI.J 

A7 AI3 

AS 
AS A9 

A4 All 
A3 AI6 

A2 AIO 

Al CE/CE 
AO D7 

DO D6 
DI D5 
D2 D4 

GND D3 

PHI NN1ES 

AO'\, A16 Address Inputs 
DO 'V D7 Data Outputs 
CE/CE Chip Enable Input 
VDD Power Supply 
GND Ground 

150ns 
Version 

150ns 

35mA 

20\lA 

CE 

• Single 5V Power Supply 

All Inputs and Outputs: TTL Compatible 

Three State Outputs 

Fully Static Operation 

Programmable Chip Enable 

Package 
Plastic DIP: 
Plastic FP : 

TC53l000CP 
TC531000CF 

BLOCK D IAGRAt1 
VDD GND 

i i DO DI D2 D3 D.J D5 1:6 D7 

AO 

Al 
A2 

A3 COLUMN DECODERS 

A4 '" ::: 
A5 '" :... 
A6 :... 
A7 

::> 

'" 
AS 

'" A9 '" '" AIO ::: 
All 

q 
q 

~ 
'" Al2 <: q 13l,072xS 
o 

Al3 (,) 

Al4 '" q MEMORY CELLES 
AIS ,., 
AI6 o 

::: 
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TC531000C~12, TC531000CP 
TC531000C~12, TC531000CF 

HAXIf.1Ut1 RATINGS 
SYHBOL ITDI 

VDD Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

PD Power Dissipation 

TSTG Storage Temperature 

TOPR Operating Temperature 

TSOLDER Soldering Temperature' Time 

Note: * Plast1C FP 

DC OPERATH1G CONDITIONS (Ta=-40o.. 70°C) 

SYNBOL PARAHETER 

VDD Power Supply Voltage 

RATING UNIT 

-0.5 0..,7.0 

-0.5 0.. VDD V 

o 0.. VDD 

1.0/0.6 f, W 

-55 0.. 150 
°C 

-40 0.. 70 

260 10 °C'sec 

BIN. TYP. MAX. UNIT 

4.5 5.0 5.5 

VIH Input High Voltage 2.2 - IVDD+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 

DC and OPERATING CHARACTERISTICS (Ta=-40 0.. 70°C, VDD=5V±10%) 

SYHBOL PARAHETER CONDITIONS BIN. MAX. 

IIL Input Leakage Current VIN=Oo.. VDD - ±1.0 

ho Output Leakage Current CE=VIH, VOUT=Oo.. VDD - ±5.0 

IOH Output High Current VOH=2.4V -1.0 -
IOL Output Low Current VOL=0.4V 3.2 -
IDDSI Standby Current CE=0.8V (CE=2.2V) - 2 

IDDS2 Standby Current CE=0.2V (CE=VDD-0.2V) - 20 

VIN=VIH/VIL tcycle=120ns - 50 
IDDOI 

IOUT=OrnA tcycle=150ns - 45 
Operating Current 

VIN=VDD-0.2V/0.2V t cycle=120ns - 40 
IDD02 

IOUT=OrnA t cycl e=150ns - 35 

Ci\PACITANCE 
SYHBOL PARAHETER CONDITIONS HIN. MAX. 

CIN Input Capacitance f=lHHz, Ta=25°C - 10 

COUT Output Capacitance f=lMHz, Ta=25°C - 10 

Note: This parameter is periodically sampled and is not 100% 'tested. 
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UNIT 

llA 

rnA 
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rnA 
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TC531010C~12, TC531000CP 
TC531000CF-12, TC531000CF 

SY;-lBOL PARl01ETER 120ns Version 150ns Version 
UNIT 

tcyc1e Cycle Time 

tACC Access Time 

tCE Chip Enable Access 

tCED Output 

tOH Output 

AC TEST CONDITION 

Output Load_ 

Input Levels 

Disable Time 

Hold Time 

Time 

HIN. 

120 

-
-
-

5 

100pF + 1TTL 

0.6V, 2.4V 

Timing Measurement Reference Levels 

Input: O.SV, 2.2V 
Output: O.SV, 2.0V 

• Input Rise and Fall Time Sns 

TUlING \'IAVEFORi':S 

tCYC 

AO-~'\16 

eE/eE 

MAX. NIN. ;,;&\. 

- 150 -

120 - 150 

120 - 150 

50 - 50 

- 5 -

I~ 
-----------------------------~wu~,-\-'a-l-id~~~~~ 

OPERATING nODE 

MODE CE(CE) AO 'V 16 Outputs Power 

Read L(H) Valid Data Out Operating 

Standby H(L) ,'t High-Z Standby 
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TC531000C~12, TC531000CP 
TC531000CF-12, TC531000CF 

OUTLINE DRAt.JINGS 

Plastic DIP (DIP28-P-600) 

28 

Unit in mm 

-15 .------t:~~___t }" 

~~ ~~I]~ 
-'-----"~ 

14 

I. 99TYP. 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 
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TC531080CP-12, TC531000CP 
TC531000Cf-12, TC531000CF 

Plastic FP (SOP28-P-4S0) 

1 8.5± 0.2 

28 15 
-1-----.. 

'" M d d 
-'-l +I 

~~::;:::;:::::;::ill 
~ -J4-- 110A"," I$I":~I 

unit in rom 

;~I d 
+IL-~ \-------; rt . 

11.0+0.2 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.lSmm. 

- L-7-



TC531001C~12, TC531000cP 
TC531000C~12, TC531000CF 
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TOSHIBA MOS MEMOR,YPRODUCTS 

DESCRIPTION 

TC531001C~12, TC531001CP 
TC531 001 Cf-12, TC531 001 Cf 

The TC531001CP/CF 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 memory of micro
processor, and data memory, especially character generator. The TCs31001CP/CF using 
G!OS technology is most suitable for 1m. power applications where battery operations 
are required. 
The TCs31001CP/CF has one chip enable input CE for device selection. 

FEATURES 

TC531001CP/CF l20ns 
Version 

Access Time (max. ) 120ns 

Power Dissipation 
40mA Operating Current (max. ) 

Power Dissipation 
20)1A Standby Current (max. ) 

PIN CONNECTION 

N.c. vDD 
A16 N, C. 
A15 ~C. 

A12 A14 
A7 A13 
A6 AS 
AS A9 
A4 All 
A3 OE 

A2 A10 
,U CE 
AD D7 
DO D6 
Dl D5 
D2 0,1 

D3 

PIN lIjiJ·1E S 
AO '\, A16 Address Inputs 
DO '\, D7 Data O'Jtputs 

OE Output Enable Input 
CE Chip Enable Input 
VDD Power Supply 
GND Ground 
N.C. No Connection 

150ns 
Version 

lsOns 

3 SmA 

20)CA 

- L-9-

Single SV Power Supply 

All Inputs and Outputs: TTL Compatible 

Three State Outputs 

Fully Static Operation 

Package Plastic nIP: TC531001CP 

Plastic FP: TC53100lCF 

BLOC K D I ji,GRAt'1 

VDD GND 

i I DO Dl D2 D3 D4 D5 D6 D7 

AO 
Al 
:\2 
A3 

A4 '" AS 0---

A6 "-
"-

A7 en 

A8 '" c:: 
~ 

A9 '" '" '" 0 
131,072x8bit 

A10 '" u 
All 

::.:: 

'" '" A12 
0 
<: ::: 

MEMORY CELLS 

A13 0 

A14 
A15 
A16 



TC531001C~12, TC531001CP 
TC531 001 CF-12, TC531 001 CF 

MAXH1Ul'1 RATINGS 

SYHBOL ITEM 
VDD Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

PD Power Dissipation 

TSTG Storage Temperature 

TOPR Operating Temperature 

TSOLDER Soldering Temperature Time 

Note: * Plastic FP 

DC OPERi\TING CONDITIONS (Ta=-40'" 70·C) 

SYHBOL P~1ETER NIN. 

VDD Power Supply Voltage 4.5 

Vu: Input High Voltage 2.2 
VIL Input Low Voltage -0.3 

RATING 

-0.5 '" 7.0 

-0.5 '" VDD 

o '" VDD 

1.0/0.6 * 
-55 '" 150 

-40 '" 70 
260 • 10 

TYP. MAX. 

5.0 5.5 

- VDD+0.3 

- 0.8 

DC and OPERATING CHARACTERISTICS (Ta=-40'" 70°C, VDD=5V±10%) 

UNIT 

V 
V 

V 

"IV 

·C 

·C 

·C·sec 

UNIT 

V 

SYNBOL PARA}lETER CONDITION HIN. 
IIL Input Leakage Current VIN=O'" VDD -
lLO Output Leakage Current CE=VIH, VOUT=OV", VDD -
lOp. Output High Current VOH=2.4V -1.0 

IOL Output Low Current VOL=0.4V 3.2 
I DDSI Standby Current CE=2.2V -
IDDS2 Standby Current CE=VDD-0.2V -

IDDOI VIWVIH/VIL t cycl e=120ns -
IourOmA tcycle=150ns -

Operating Current 
VIN=VDD-0.2V/0.2V t cycl e=120ns -

IDD02 
IOUT=OmA tcycle=150ns -

CAP/l,CITANCE 

SYl-1BOL PARAHETER CONDITIONS HIN. 

CIN Input Capacitance f=UlHz, Ta=25°C -
COUT Output Capacitance f=IMHz, Ta=25°C -

Note: This parameter is periodically sampled and is not 100% tested. 
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MAX. UNIT 
±1.0 \lA 

±5.0 \lA 

- mA 

- mA 

2 mA 

200 \lA 

50 
45 

40 
mA 

35 

HAX. UNIT 

10 
10 

pF 



lC531801 CP-12, lC531881 CP 
lC531681 CF-12, lC531801 CF 

AC CHIl,RACTERISTICS (Ta=-40'" 70°C, VDD=5V±10%) 

S\"}lBOL PAR:A;<lETER 

tcycle Cycle Time 

tACC Access Time 

tCE Chip Enable Access Time 

tOE Output Enable Access Time 

tCED Output Disable Time from CE 

tOED Output Disable Time from OE 

tOH Output Hold Time 

AC TEST CONDITIONS 

Output Load 

Input Levels 

Timing :·leasurement Reference Level s 

120ns Version 

NIN. NAX. 

120 -
- 120 

- 120 

- 70 

- 50 

- 50 

5 -

lOOpF + ITTL 

0.6V, 2.4V 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.0V 

• Input Rise and Fall Time 5ns 

TmING HAVEFORliS 

I 
IcyC , 

.\0 -.-\16 Va lid 

IACC 

150ns 

NIN. 

150 

-
-
-
-
-

5 

CE ~ I"r Ii 
ICE 

OE 

DOI.iT 

OPERATION imDE , 
HODE CE OE ,1.0 '" 16 Outputs 

Read L L Valid Data Out 

Standby H i~ " High-Z 

Output Deselect L H ;'( High-Z 
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Version 
UNIT 

HAX. 

-

150 

150 

70 ns 

50 

50 

-

Power 

Operating 

Standby 

Operating 



TC531001C~12, TC531001CP 
TC531 001 CF-12, TC531 001 CF 

OUTLINE DRA\WIGS 

Plastic DIP (DIP32-P-600) 

32 

4 2± 0.2 

17 

16 

I~r 
~ 

I 

L~ 
-l-! 0 
U') -H 
'" '" 

-:i 
"'-0::;: 

1$1 0.25 ~I 

Unit in mm 

~ 
'" r; -I-{ 

~ 

~ 

'" 0 
-H 
u'l 
M 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.lSmm. 
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Plastic F? (SOP3~-?-525) 

co 

TC531001C~12, TC531001CP 
TC531001C~12, TC531001CF 

Unit in mm 

-~L 

~""'''---Ul ;;1 
O.S±O.2 

Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is O.ISmm. 
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TC531001C~12, TC531001CP 
TC531 001 CF-12, TC531 001 CF 
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TOSHIBA MOS MEMORY PRODUCTS 
TC531024P.12, TC531024P.15 

DESCRIPTION 

The TC531024P is a 1,048,576 bits read only memory organized as 65,536 ,,'ords by 16 
bits with a law bit cost, thus being suitable for use in program memory of micro
processor, and data memory, especially character generator. The TC53l024P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 
The TC53l024P is moulded in a 40 pin standard plastic package, 0.6 inch in width. 

FEATURES 

TC53l024P -12 
Access Time (max) 120ns 
Power Dissipation 

40mA 
Operation Current (max) 

Power Dissipation 20lJA 
Standby Current (max) 

• Single 5V POt,er Supply 

:i.C. 1 Voo 
CE 2 'i.C. 

015 3 N.C. 
Dl4 4 Al5 
Dl3 5 Al4 
Dl2 6 Al3 
Dli 7 Al2 
DIG 8 All 
09 9 AlO 
08 10 A9 

G:iO 11 GNO 
07 12 A8 
06 13 A7 
05 14 A6 
04 15 A5 
03 16 A4 
02 17 A3 
01 18 A2 
00 19 Al 
OE -=20"--___ ~ AO 

PIN NAMES 

AO '\, AIS Address Inputs 
DO '\, DIS Data Outputs 

OE Output Enable Input 
CE Chip Enable Input 
VDD Power Supply 
GND Ground 

N.C. No Connection 

-15 

150ns 

35mA 

20lJA 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• Fully Static Operation 

• Pin Compatible with 1M EPROM TC57l024D 

• Package 

Plastic DIP: TC531024P 

BLOCK D IAGR.'1~l 

CE 

OE 

AO 

Al 

A2 

A3 
A4 
A5 

A6 '" 
A7 '" 
A8 

A9 

AIO 

All 

AI2 

Al3 

Al4 
Al5 
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'" c:: 

'" ~ 
C 
U 

'" COl 

:;: 
0 
c:: 

Dl D3 D5 07 09 011 013 015 
DO 02 04 06 08 DIO 012 014 

65,536Xl6bit 

MEMORY CELLS 



TC531024p..12, TC531024p..15 

MAXIMU~1 RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.5'" 7.0 V 

VIN Input Voltage -0.5'" VDD V 

VOUT Output Voltage 0'" VDD V 
PD Power Dissipation 1.0 W 

TSTG Storage Temperature -55'" 150 °c 

TOPR Operating Temperature 0",70 °c 

TSOLDER Soldering Temperature· Time 260 • 10 °c • sec 

DC OPERATING CONDITIONS (Ta=O'" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 
VIR Input High Voltage 2.2 - VDD+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 

DC and OPERATING CHARACTERI STICS (Ta=O'" 70°C. VDD=5V±10%) 

SYHBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

In Input Leakage Current VIN=O'" VDD - ±1.0 

110 Leakage Current CE=V1H• VOUT=OV'" VDD ±5.0 
IJA 

Output -
lOR Output High Current VOH=2.4V -1.0 -
IOL Output Low Current VOL =J.4V 3.2 - rnA 

IDDSI Standby Current CE=2.2V - 2 

IDDS2 Standby Current CE=VDD-0.2V - 20 IJA 

V1N=V1H/VIL tcycle=120ns - 50 
IDDOI 

IOUT=OmA tcycle=150ns 45 -
Cperating Current rnA 

VIN=VDD-0.2V.0.2V tcycle=120ns - 40 
I DD02 

IOUT=OmA t cyc l e=150ns 35 -
CAPACITANCE 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitance f=lMHz. Ta=25°C - 10 pF 

COUT Output Capacitance f=lMHz. Ta=25°C - 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TCUl824P-12, lc&318241'-16 

AC CHARACTERISTICS (Ta=O'" 70°C, VDD-5V+10%) -
l20ns Version l500s Version 

SYMBOL PARAMETER 
MIN. MAX. MIN. 

tcycle Cycle Time 120 - 150 

tACC Access Time - 120 -
tCE Chip Enable Access Time - 120 -
tOE Output Enable Access Time - 70 -
tCED Output Disable Time from C! - 50 -
tOED Output Disable Time from at - 50 -
tOR Output Hold Time 5 - 5 

AC TEST CONDITIONS 

Output Load 100pF + lTTL 

Input Levels 0.6V, 2.4V 

Timing Measurement Reference Levels Input: o.av, 2.2V 

Output: o.av, 2.0V 

Input Rise and Fall Time 5ns 

TU1ING WAVEFORMS 

AO-AI5 ~ Valid ~ 
tACC 

\. / 
tCE ~ 

'\ / 
l tOE ~ .!.2w.. 

DOUT .(jJJJX Valid :XXX l",," 

OPERATION MODE 

MODE CE OE AO'" 15 Outputs 
Read L L Valid Data Out 

Standby R * * High-Z 
Output Deselect L R * High-Z 

H: VIR. L: VIL. *: VIH or VIL 
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MAX. 

-
150 
150 

70 
50 

50 

-

Power 

Operating 
Standby 

Operating 

UNIT 

ns 



TC531824P.12, TC531024P.15 

OUTLINE DRAWINGS DIP40-P-600 

40 

Unit in mm 

21 

o 
It> 

'i 
~--+o 

.z. 
50.7±0.2 .... ::e 

III 
0 

-

:;l 
+I 
III ..,. 

'" 0 
+I 
It) 

M 

-~~ 00 
+. 

It> ... _ 0 

Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is O.15mm. 

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 PRODUCTS 
TC534000P 

DESCRIPTION 

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 CelOS 
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 TCS34000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 

FEATURES 

Single SV PO\ver Supply 

Access Time: 250ns (Hax.) 

Power Dissipation 

Operating Current: 30mA (Nax.) 
Standby Current 20~A (Nax.) 

PIN CONNECTION 

VDD 
1.16 A18 
1.15 A17 
A12 A14 

A7 A13 

1.6 1.8 

A5 1.9 

1.4 All 

A3 i5E 
1.2 AIO 

A1 CE/CE 
AO D7 
DO DS 
D1 D5 

D2 D4 
GND D3 

PIN NM·1ES 
AO '" A18 Address Inputs 
DO '" D7 Data Outputs 

OE Output Enable Input 

CE/CE Chip Enable Input 

VDD Power 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 DIAGRAM 

GND 

DO Dl D2 D3 D4 D5 

CE 

OE 

AO 

Al 

1.2 

1.3 

A4 

1.5 C/l 
0:; 

AS 00 ... 
A7 ... 
A8 

;:> 
II> C/l 

1.9 0:; 

'" 00 
1.10 '" A 

00 0 All 0:; 0 
A12 

A 00 
A A 

1.13 <: 

524,288 x 8 bit; 

MEMORY CELLS 

1.14 '" 0 

1.15 
0:; 

A16 

1.17 

1.18 
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TC534000P 

~1AX n1ur~ RATINGS 

SYHBOL ITEM RATING UNIT 
VDD Power Supply Voltage -0.5 '\, 7.0 V 
VIN Input Voltage -0.5 '\, VDD V 

VOUT Output Voltage o '\, VDD V 
PD Power Dissipation 1.0 W 

TSTG Storage Temperature -55'\, 150 °C 

TOPR Operating Temperature -40 '\, 85 °c 

TSOLDER Soldering Temperature' Time 260 • 10 °C'sec 

D.C. OPERATING CONDITIONS (Ta=-40'\,85°C) 
SYHBOL PARAHETER MIN. TYP. V.tAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 
VIR Input High Voltage 2.2 - VDD+O·3 V 

VIL Input Low Voltage -0.3 - 0.8 

D.C. and OPERATING CHARACTERISTICS (Ta=-40 '\, 85°C, VDD=5V::lO%) 

SYMBOL P ARA.'1ETER COt--1DITIONS HIN. MAX. UNIT 
IlL Input Leakage Current VIN=O '\, VDD - ±1.0 \lA 
ILO Output Leakage Current CE=VIH, VOUT=OV '\, VDD I - ±5.0 \lA 

IOH Output High Current VOH=2.4V -1.0 - rnA 

IOL Output Low Current VOL=0.4V 2.0 - rnA 

IDDSI Standby Current CE=VIH - 2 rnA 

IDDS2 Standby Current CE=VDD and VIN=OV(VDD) - 20 \lA 
IDDOI VIN=VIH!VIL, tcycle=250ns - 40 

Operating Current rnA 
IDD02 VIN=VDD!OV, t cycl e=250ns - 30 

CAPACITANCE 
SYNBOL PARAHETER CO!;''DITIONS HIN. MAX. UNIT 

CIN Input Capacitance f=lMHz, Ta=25°C - 8 
COUT Output Ta=25°C 10 

pF 
Capacitance f=lMHz, -

Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=-40 'V 85°C, VDD=5V±10%) 

SYMBOL P.t,P~lETER '~IN • l-I.AX. UNIT 

tCYC Cycle Time 

tAce 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 

250 -
- 250 

- 250 

- 100 

- 80 

- 80 

10 -

100pF + lTTL 

0.6V, 2.4V 

0.8V, 2.2V 

Output: O.SV, 2.0V 

Input Rise and Fall Time 5ns 

TIMING WAVEFORMS 

tCYC I 

AO-A18 

CE/CE 

ns 

TC534800P 

----------------~ Valid ~ 

OPERATION ~10DE 

HODE CE(CE) OE AD 'V 18 Outputs Power 

Read L(H) L Valid Data Out Operating 
Standby H (L) ":h. _c High-Z Standby 

Output Deselect L(H) H -'- High-Z Operating 

H: VIH, L: VIL. *: VIH or VIL 
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TC534000P 

OUTLINE DRAHI NGS 

~ 
~ 
o 

17 

16 

~~. ~================~ 

Z 
H 
::s 
N 
~I 

0.5 ± 0.15 

,1.4 = 0.15 

2.54 

Note: Each lead pitch is 2.54mm. 

Unit: mm 

1S.24TYP. 

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. 
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