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A. Dynamic RAM 
1. Standard DRAM 

Capacity Part Number 

TMM41256AP/AT/AZ·10 
TMM41256AP/AT/AZ·12 
TMM41256AP/AT/AZ·15 

256K 
TMM41257AP/AT/AZ·10 
TMM41257AP/AT/AZ-12 

Bit TMM41257AP/AT/AZ-15 

TMM41464AP/AT/AZ·10 
TMM41464AP/AT/AZ·12 
TMM41464AP/AT/AZ·15 

Organization 

262.144X1 

262,144X1 

65,536X4 

Access Time 
Max (ns) 

tRAC tCAC 

100 50 
120 60 
150 75 

100 50 
120 60 
150 75 

100 50 
120 60 
150 75 

Note: Package Type P: Plastic Dip; T: PLCC; Z: Zip 
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Cycle Power Dissipation 
Time Max SIB (mW) Operating 
Min Process Pins Mode 
(ns) Active Standby 

190 440 
220 NMOS 396 28 16/18/16 Page 
260 358 

190 440 
220 NMOS 396 28 16/18/16 Nibble 
260 358 

190 440 
220 NMOS 396 28 18/18/20 Page 
260 358 



1. Standard DRAM (Continued) 

Access Time Cycle Power Dissipation 
Max (ns) Time Max S/S (mW) Operating 

Capacity Part Number Organization Min Process Pins Mode 
tRAC tCAC (ns) Active Standby 

TC511000P/J/Z-85 85 25 165 385 Fast 
TC511000P/J/Z-10 1,048,576X1 100 25 190 CMOS 330 5.5 18/26/20 Page 
TC511000P/J/Z-12 120 30 220 275 

TC511000PL/JL/ZL·85 85 25 165 385 Fast Page 
TC511 000PL/JL/ZL·1 0 1,048,576X1 100 25 190 CMOS 330 1.7 18/26/20 Low Power 
TC511000PL/JL/ZL-12 120 30 220 275 

TC511000AP/AJ/AZ-70 70 20 130 440 Fast 
TC511000AP/AJ/AZ-80 1,048,576x1 80 20 150 CMOS 385 5.5 18/26/20 Page 
TC511 000AP/AJ/AZ·1 00 100 25 180 330 

TC511000APL/AJL/AZL-70 70 20 130 440 Fast Page 
TC511000APL/AJL/AZL-80 1,048,576X1 80 20 150 CMOS 385 1.1 18/26/20 Low Power 
TC511000APL/AJL/AZL-10 100 25 180 330 

TC511 001 P/J/Z-85 85 30 165 385 
TC511 001 P/J/Z-1 0 1,048,576X1 100 35 190 CMOS 330 5.5 18/26/20 Nibble 
TC511 001 P/J/Z·12 120 40 220 275 

TC511 001 AP/AJ/AZ·70 70 20 130 440 
TC511 001 AP/AJ/AZ·80 1,048,576X1 80 20 150 CMOS 385 5.5 18/26/20 Nibble 
TC511 001 AP/AJ/AZ-1 0 100 25 180 330 

TC511002P/J/Z·85 85 25 165 385 Static 
TC511 002P/J/Z'1 0 1,048,576X1 100 25 190 CMOS 330 5.5 18/26/20 Column TC511002P/J/Z·12 120 30 220 275 

TC511002AP/AJ/AZ·70 70 20 130 440 Static TC511002AP/AJ/AZ-80 1,048,576X1 80 20 150 CMOS 385 5.5 18/26/20 Column 
1M TC511 002AP/AJ/AZ-1 0 100 25 180 330 

Bit TC514256P/J/Z-85 85 30 165 413 Fast TC514256P/J/Z-10 262,144X4 100 30 190 CMOS 358 5.5 20/26/20 Page 
TC514256P/J/Z·12 120 35 220 303 

TC514256PL/JL/ZL·85 85 30 165 413 Fast Page TC514256PL/JL/ZL·10 262.144X4 100 30 190 CMOS 358 1.7 20/26/20 Low Power 
TC514256PL/JL/ZL·12 120 35 220 303 

TC514256AP/AJ/AZ·70 70 20 130 440 Fast 
TC514256AP/AJ/AZ-80 262,144X4 80 20 150 CMOS 385 5.5 20/26/20 Page 
TC514256AP/AJ/AZ-10 100 25 180 330 

TC514256APL/AJL/AZL-70 70 20 130 440 Fast Page 
TC514256APL/AJL/AZL-80 262,144X4 80 20 150 CMOS 385 1.1 20/26/20 Low Power 
TC514256APL/AJL/AZL-10 100 25 180 330 

TC514266AP/AJ/AZ-70 70 20 130 440 Fast Page 
TC514266AP/AJ/AZ-80 262,144X4 80 20 150 CMOS 385 5.5 20/26/20 Write-
TC514266AP/AJ/AZ-10 100 25 180 330 Per·Bit 

TC514258P/J/Z-85 85 30 165 413 Static 
TC514258P/J/Z-10 262,144X4 100 30 190 CMOS 358 5.5 20/26/20 Column TC514258P/J/Z-12 120 35 220 303 

TC514258AP/AJ/AZ·70 70 25 130 440 Static TC514258AP/AJ/AZ·80 262,144X4 80 25 150 CMOS 385 5.5 20/26/20 Column TC514258AP/AJ/AZ·10 100 30 180 330 

TC514268AP/AJ/AZ-70 70 25 130 440 Static Col· 
TC514268AP/AJ/AZ·80 262,144x4 80 25 150 CMOS 385 5.5 20/26/20 umn, Write-
TC514268AP/AJ/AZ·10 100 30 180 330 Per·Bit 
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2. Video RAM 

Random Port Serial Cycle Power Dissipation 
Access Time Port Time Max(mW} Operating Capacity Part Number Organization Access Min Pins Mode 

tRAC tCAC Time (ns) Active Standby 

TC521000P 32Kx8X4 - - 20 190 550 110 40 Serial'ln 
Serial'Out 

TC524256P/Z-10 28 
1M 100 50 25 190 550 110 - Random Port: 
Bit TC524256J·10 RAM Port: 256X4 32 Page Mode 

SAM Port: 512X4 
Write· Per· Bit 

TC524256P/Z'12 28 
120 60 35 220 495 110 - Serial Port: 

TC524256J-12 32 Seriallnput.()utput 

Note: Packag" P :Plastic Dip; Z: Plastic Zip; J: SOJ 
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3. DRAM Modules 

Organizatior Part Number Access time Pins Assembly Pin type Height Comment 
side max (mm) 

THM4l000L-85 85 
THM4l000L-l0 100 Fast Page 
THM4l000L-12 120 

THM41 001 L-85 85 
lMX4 THM4l 001 L-l0 100 25 Single Pin 12.64 Nibble 

THM4l001L-12 120 

THM41002L-85 85 
THM4l002L-l0 100 Static Column 
THM4l002L-12 120 

THM8512S-85 85 
THM8512S-10 100 Socket 15.24 
THM8512S-12 120 

Fast Page 
THM8512L-85 85 
THM8512L-l0 100 Pin 17.52 
THM8512L-12 120 

512KXB 30 Single 
THM8514S-85 85 
THMB514S-10 100 Socket 15.24 
THMB514S-12 120 

Static Column 
THM8514L-B5 85 
THMB514L-l0 100 Pin 17.52 
THMB514L-12 120 

TH M81 000S-85 85 
THM81000S-10 100 Socket 20.45 
THM81000S-12 120 

Fast Page 
THM81000L-85 85 
THM81 OOOL-l 0 100 Pin 22.6 
THM81000L-12 120 

THM81 001 S-85 85 
THM81001S-10 100 Socket 20.45 
THM81001S-12 120 

30 Single Nibble 
THMBl 001 L-85 85 
THM81001L-l0 100 Pin 22.6 
THM81001L-12 120 

THM81002S-85 85 
lMX8 THM81002S-10 100 Socket 20.45 

THMB1002S-12 120 
Static Column 

THM81002L-B5 B5 
THMB1002L-l0 100 Pin 22.6 
THM81002L-12 120 

* THM81020L-85 85 
* THM81020L-l0 100 Fast Page 
* THM81 020L-12 120 

* THM81 021 L-85 85 
* THM81021 L-l0 100 30 Double Pin 12.64 Nibble 
* THM81 021 L-12 120 

* THM81022L-85 85 
* THM81022L-l0 100 Static Column 
* THM,81022L-12 120 

* : Under Development 
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3. DRAM Modules (Continued) 

Organization Part Number Access time Pins 

256KX36 

TH M91 000S-85 
THM91000S-10 
THM91000S-12 

THM91000L-85 
THM91 000L-1 0 
THM91000L-12 

THM91 001 S-85 
THM91001S-10 
THM91 001 S-12 

85 
100 
120 

85 
100 
120 

85 
100 
120 

THM91001 L-85 85 
THM91001L-10 100 

f--~~:100.1L-12 120 

I "'!',191002S-85 
, THM91002S-10 

T!-::V191 002S~12 
-----------.-- r--' 

rHM81002L-85 
THM91 002L-1 0 
THM91002L-12 

-----------4-----
THM91010S-85 85 
THM91010S-10 100 
THM91010S-12 120 

THM91010L-85 
THM91010L-10 
THM91 01 OL-12 

THM91020L-85 
THM91020L-10 
THM91020L-12 

THM91021L-85 
THM91021L-10 
THM91021L-12 

THM91022L-85 
THM91 022L-1 0 
THM91022L-12 

* THM362500S-85 
* THM362500S-1 0 
* THM362500S-12 

85 
100 
120 

85 
100 
120 

85 
100 
120 

85 
100 
120 

85 
100 
120 

* : New Product 

30 

30 

30 

72 
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Assembly 

side 

Single 

Single 

Double 

Single 

Pin type 

Socket 

Pin 

Socket 

Pin 

Socket 

I-Jeight 

max (mm) 

20.45 

22.6 

20.45 

22.6 

20.45 

1-·---+----1 L Pin 

1_ ::~~---- 2045 

22.6 

Pin 22.6 

Pin 12.64 

Socket 25.53 

TOSHIBA 

Comment 

Fast Page 

Nibble 

Static Column 

Fast Page 
9110 Common 

Fast Page 

Nibble 

Static Column 

Fast Page 



B. Static RAMs 
1. Standard SRAM 

Capacity Type No. 

TMM2063P-l0 
TMM2063P-12 
TMM2063P-15 

TMM2063AP'70 
TMM2063AP'10 
TMM2063AP'12 

TMM2064P-l0 
TMM2064P-12 
TMM2064p·15 

TMM2064AP'70 
TM M2064AP-l 0 
TMM2064AP'12 

TC5563APL -10 
64K Bit TC5563APL'12 

TC5563APL'15 

TC5563APL·l0L 
TC5563APL-12L 
TC5563APL-15L 

TC5565APL/ AFL -10 
TC5565APL/AFL·12 
TC5565APL/ AFL -15 

TC5565APL/AFL·l0L 
TC5565APL/ AFL -12 L 
TC5565APL/AFL·15L 

TC5564APL/ AFL ·15 
TC5565APL/AFL·20 

TC55257APL/AFL·85 
TC55257APL/AFL·l0 
TC55257APL/AFL·12 

TC55257APL/AFL-85L 
256K Bit TC55257APL/AFL·l0L 

TC55257APL/AFL·12L 

* TC55256PL/FL·l0 
* TC55256PL/FL·12 

**TC551 001 P/F-70 
1MBit **TC551 001 P/F-1O 

**TC551 001 P/F·12 

Organi· Access Time 
zation Max. (ns) 

100 
8,192X8 120 

150 

70 
8,192X8 100 

120 

100 
8,192X8 120 

150 

70 
8,192X8 100 

120 

100 
120 
150 

8,192X8 
100 
120 
150 

100 
120 
150 

8,192X8 
100 
120 
150 

8,192X8 
120 
150 

85 
100 
120 

32,768X8 
85 

100 
120 

32,768X8 
100 
120 

70 
131,072X8 100 

120 

Note: Package Material: P :Plastic Dip; F: Flat Package (SOP) 
• : New Product **: Under Development 

Cycle Time Power Dissipation Max (mW) Package 

Min. (ns) 
Process Pins Width 

Active Standby (inch) 

100 
120 NMOS 440 55 28 0.3 
150 

70 
100 NMOS 440 55 28 0.3 
120 

100 
120 NMOS 440 55 28 0.6 
150 

70 
100 NMOS 440 55 28 0.6 
120 

100 
120 0.55 
150 

CMOS 27.5 28 0.3 
100 
120 0.165 
150 

100 
120 0.55 
150 0.6 (P) 

CMOS 27.5 28 
0.45 (F) 100 

120 0.165 
150 

120 
CMOS 27.5 0.005 28 

0.6 (P) 
150 0.45 (F) 

85 
100 0.55 
120 0.6 (P) 

CMOS 60 28 
0.45 (F) 85 

100 0.165 
120 

100 
CMOS 60 0.005 28 

0.6 (P) 
120 0.45 (F) 

70 0.6 (P) 
100 CMOS 60 0.55 32 
120 0.45 (F) 
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2. CMOS Pseudo Static RAM 

Organ;- Access Time Cycle Time Power Supply Power Dissipation Max (mW) Package 
Capacity Type No. 

zation Max. (ns) Min. (ns) (V) 
Pins Width 

Active Standby (inch) 

TC51832P/SP/F-85 85 135 303 

TC51832P/SP/F-IO 100 160 248 5.5 

TC51 832P/SP/F-I 2 120 190 220 0.6 (P) 

256K Bit 32,768x8 +5±10% 28 0.3 (SP) 
TC51832PL/SPL/FL-85 85 135 303 

0.45 (F) 
TC51832 PL/SPL/FL -10 100 160 248 0.55 

TC51 832PL/SPL/FL-I 2 120 190 220 

* TC518128P-IO PS 100 160 330 VS 160 220 
5.5 

* TC518128P-12 PS 120 190 275 VS 190 260 

* TC518128PL-I 0 PS 100 160 
330 VS 160 220 

0.55 

* TC518128PL-12 PS 120 190 275 VS 190 260 0.6 (P) 
IMBit 131,072X8 +5±10% 32 

0.45 (F) 
**TC518128F-IO PS 100 160 

VS 160 220 330 

5.5 

**TC518128F-12 PS 120 190 
275 VS 190 260 

**TC518128FL-IO PS 100 160 
330 VS 160 220 

0.55 

**TC518128FL-12 PS 120 190 275 VS 190 260 

Note: Package material P: Plastic Dip; SP: Slim Plastic DIP; F: Flat Package (SOP) 
Function: PS: Pseudo Static Mode; VS: Virtually Static Mode 
*: New Product; **: Under Development 

3. High Speed Static RAM 

Organi- Access Time Cycle Time Power Dissipation max (mW) Package 
Capacity Part No. 

zation Max. (ns) Min. (ns) 
Process Pins Width 

Active Standby (inch) 

TMM2018AP-25 25 25 825 
TMM2018AP-35 2,048x8 35 35 NMOS 

742.5 
110 24 0.3 

TMM2018AP-45 45 45 
16K Bit 

TMM2068AP-25 25 25 742.5 
TMM2068AP-35 2,048X8 35 35 NMOS 

660 
110 20 0.3 

TMM2068AP-45 45 45 

TMM2088P-35 8,I92X8 35 35 NMOS 742.5 82.5 28 0.3 
TMM2088P-45 45 45 

TMM2089P-35 8,I92x9 35 35 NMOS 742.5 82.5 28 0.3 
TMM2089P-45 45 45 

TC5561 P/J-45 65,536XI 45 45 CMOS 550 0.55 22(P) 0.3 (P) 
TC5561 P/J-55 55 55 24(J) 0.3 (J) 

TC5562P/J-35 65,536xI 35 35 CMOS 550 II 22(P) 0.3 (P) 
TC5562P/J-45 45 45 24(J) 0.3 (J) 

TC55416P/J-25 16,384X4 25 25 CMOS 660 110 22(P) 0.3(P) 
TC55416P/J-35 35 35 24(J) 0.3 (J) 

TC55417P/J-25 16,384X4 25 25 CMOS 660 110 24(P) 0.3 (P) 
TC55417P/J-35 35 35 24(J) 0.3 (J) 

* TC5588P/J-20 8,I92x8 20 20 CMOS 550 110 28 0.3 
* TC5588P/J-25 25 25 

* TC5589P/J-20 8,I92X8 20 20 CMOS 550 110 28 0.3 
* TC5589P/J-25 25 25 

Note: Package Type P: Plastic Dip; J: SOJ Package 
*: Under Development 
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C. Non-volatile 
1. EPROM 

Capacity Type No. 

TMM2764AD-15 
TMM2764AD-20 

64K Bit 
TMM2764ADI-15 
TMM2764ADI-20 

TMM2764AD·150 
TMM2764AD·200 

TMM27128AD·15 
TMM27128AD·20 

128K Bit 
TMM27128ADI·15 
TMM27128ADI'20 

TMM27128AD·150 
TMM27128AD·200 

TMM27256AD·15 
TMM27256AD·20 

TMM27256ADI·15 
TMM27256ADI·20 

TMM27256AO-150 
TMM27256AD·200 

256K Bit 
TMM27256BD·15 
TMM27256BD·20 

TMM27256BDI·15 
TMM27256BDI·20 

TC57256AD·15 
TC57256AD-20 

TMM27512D·20 
TMM27512D·25 

TMM27512DI·20 
TMM27512DI-25 

512K Bit TMM27512O·200 
TMM27512D·250 

* TMM27512AD·20 
* TMM27512AD·25 

* TMM27512ADI·20 
* TMM27512ADI-25 

TC571 0000-20 
TC571000D·25 

TC571 001 D·20 
1M Bit Te571 001 D·25 

* TC571 0240·20 
* TC571 024D·25 

Organi· 
zation 

& Process 

8,192X8 
NMOS 

16,384X8 
NMOS 

32,768X8 
NMOS 

32,768X8 
CMOS 

65,536X8 
NMOS 

131,072X8 
CMOS 

65,536X16 
CMOS 

Note: Package D: Cerdip; *: New Product 

Access 
Time 

Max. (ns) 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

150 
200 

200 
250 

200 
250 

200 
250 

200 
250 

200 
250 

200 
250 

200 
250 

200 
250 

Cycle Power Temper- Power Dissipation Max (mIN) Programming 
Time Supply ature Pins 

Min. (ns) (V) Range eC) Active Standby Algorithm 

150 
200 0-70 525 158 

5V±5% 
150 
200 -40-85 630 184 28 lor II 

150 
5V±10% 200 0-70 660 193 

150 
200 0-70 525 158 

5V±5% 
150 
200 -40-85 630 184 28 lorll 

150 
5V±10% 200 0-70 660 193 

150 
200 0-70 525 158 

5V±5% 
150 
200 -40-85 630 184 

150 
5V±10% 200 0-70 660 193 

28 lor II 
150 
200 0-70 525 158 

150 
5V±5% 200 -40-85 630 184 

150 
200 0-70 158 0.525 

200 
250 0-70 630 184 

5V±5% 
200 
250 -40-85 683 210 

200 
250 5V±10% 0-70 715 220 28 lor II 

200 
250 0-70 630 184 

5V±5% 
200 
250 -40-85 683 210 

200 
250 

32 
200 
250 5V±5% -40-85 158 0.525 II 

~ 
200 
250 40 
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2. Flash EEPROM 

Organi· Access Cycle Power 
Capacity Part No. zation Time Time Supply 

& Process Max. (ns) Min. (ns) (V) 

* TMM28257P-30 32KX8 300 300 
* TMM28257P-25 

NMOS 
250 250 5V±5% 

* TMM28257P-20 200 200 
256K Bit 

**TC58257 AP-25 32KX8 250 250 
**TC58257 AP-20 

CMOS 
200 200 5V±5% 

**TC58257AP-17 170 170 

3. One Time PROM 

Organi- Access Cycle Power 
Capacity Type No. zation Time Time Supply 

& Process Max. (ns) Min. (ns) (V) 

64K Bit TMM2464AP(AF 8,192X8 
200 200 5V±5% NMOS 

128K Bit TMM24128AP(AF 16,384X8 
200 200 5V±5% NMOS 

TMM24256AP(AF 200 200 
32,768X8 

* TMM24256BP(BF-20 NMOS 200 200 
256K Bit * TMM24256BP(BF-17 170 170 5V±5% 

TC54256AP(AF 32,768X8 
200 200 CMOS 

TMM24512P(F 250 250 

* TMM24512AP(AF-25 250 250 
512K Bit * TMM24512AP(AF-20 65,536X8 200 200 5V±5% 

NMOS 
* TC54512AP(AF-20 200 200 
* TC54512AP(AF-17 170 170 

* TC541000P(F-25 250 250 
* TC541 000P(F-20 131,072X8 200 200 

CMOS 
1M Bit * TC541 001 P(F-25 250 250 5V±5% 

* TC541 001 P(F-20 200 200 

* TC541 024P-25 65,536X16 250 250 
* TC541 024P-20 CMOS 200 200 

4. Mask ROM 

Organi- Access Time Cycle Time 
Capacity Type No. 

zation Max. (ns) Min. (ns) 

256K Bit TC53257P(F 32,766X8 150 150 

512K Bit TC53512AP(AF 65,536X8 150 150 

TC531000AP(AF 150 150 
- 131,072X8 

1M Bit TC531001AP 150 150 

TC531024P 65,536X16 150 150 

4M Bit * TC534000P 524,288X8 250 250 

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

11 

Temper· 
ature 

Range ('C) 

0-70 

0-70 

Temper-
~ture 

Range ('C) 

0-70 

0-70 

0-70 

-40-85 

0-70 

-40-85 

-40-85 

Process 

CMOS 

CMOS 

CMOS 

CMOS 

TOSHIBA 

Power Dissipation Max (mW) Programming 
Pins & Erase 

Active Standby Voltage 

21V 
525 132 28 

±0.25V 

12.5V 
TBD TBD 28 

±0.25V 

Power Dissipation Max (mW) Programming 
Pins 

Algorithm Active Standby 

525 158 28 lor II 

525 158 28 lor II 

525 158 
28 lor II 

158 0.525 

630 184 

28 lor II 

158 0.525 

32 

158 0.525 II 

-
40 

Power Dissipation Max. (mW) 
Pins 

Active Standby 

138 0.11 28 

138 0.11 28 

28 
138 0.11 

40 

220 0.11 32 

*: New Product 
**: Under Development 



PRODUCT LINE CROSS REFERENCE 

1. 256K Bit Dynamic RAM 

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

TOSHIBA TMM41256AP/AT/AZ TMM41257AP/AT/AZ TMM41464AP/AT/AZ 

FUJITSU MB61256 MB61257 MB61464 

HITACHI HM50256 HM50257 HM50464 

MITSUBISHI M5M4256 M5M4257 M5M4464 

NEC !,PD41256 !,PD41257 !,PD41464 

OKI MSM41256 MSM41257 MSM41464 

TI TMS4256 TMS4257 TMS4464 

NMB AAA2801 

2. 1 MX1 CMOS Dynamic RAM 

Organization 1 MBX1 (Fast page mode) 1 MBX1 (Nibble mode) 1 MBX1 (Static column mode) 

SUPPLIER PART# PART# PART# 

TOSHIBA TC511000 TC511001 TC511002 

FUJITSU MB81C1000 MB81C1001 MB61C1002 

HITACHI HM511000 HM511001 HM511002 

MITSUBISHI M5M4C1000 M5M4C1001 M5M4C1002 

NEC !,PD421 000 !,PD421 001 !,PD421 002 

TI TMS4C1024 TMS4C1025 TMS4C1027 

NMB AAA1M100 AAA1M101 AAA1M102 

SAMSUNG KM41C1000 KM41C1001 KM41C1002 

OKI MSM511000 MSM511001 MSMS11002 

MOTOROLA MCM511000 MCM511001 MCM511002 

3. 256KX4 CMOS Dynamic RAM 

Organization 2S6KX4 (Fast page mode) 2S6KX4 (Static column mode) 2S6KX4 (Fast page, WPB) 26eKX4 (Static column, WPB) 

SUPPLIER PART# PART# PART# PART# 

TOSHIBA TCS14256 TC51425S TC514266A TC51426SA 

FUJITSU MB6tC4256 -
HITACHI HM514256 HM5t4258 

MITSUBISHI M5M44C256 M5M44C258 

NEC !,PD424256 !,PD424258 

TI TMS44C256 TMS44C257 

SHARP LH64257 LH64256 

NMB AAAtM104 AAA1Mt05 

OKI MSM514256 MSM51425S 

MOTOROLA MCM5t4256 MCM514258 

4. 256KX4 CMOS Video RAM 

Organization 256KX4 (w/O Raster) 256KX4 (w/Aaster) 258KX4 (Field Memory) 

SUPPLIER PART# PART# PART# 

TOSHIBA TC524256 TC524257 TC521 000 

FUJITSU MB8tC4251 (MB61C4252) 

MITSUBISHI M5M442256 

HITACHI HM534251 HM534252 

TI TMS44C251 

NEC !,PD42274 

12 



PRODUCT LINE CROSS REFERENCE (continued) 

5. DRAM Hybrid Module 

Organization 1MX4 

TOSHIBA THM41000 

HITACHI 

MiTSUBISHI 

OKI 

Organization 1 MX8 (Low profile) 

TOSHIBA THM81020/1/2 

HITACHI 

MITSUBISHI 

OKI 

6. High-Speed Static RAM 
1) NMOS 

Organization 2Kx8 

Package Width 

TOSHIBA TMM2018AP 

FUJITSU 

HITACHI 

INMOS 

MiTSUBISHI 

MOTOROLA MCM2016H/18 

NEC 

AMO AM9128 

2) CMOS 

Organization 64KX1 

Package Width 

TOSHIBA TC5561 12 

CYPRESS CY7C187 

FUJITSU MB81C71A 

HITACHI HM6287 

lOT 1017187 

INMOS IMS1600/1 

MITSUBISHI M5M5187 

MOTOROLA MCM6287 

NEC "P04361 

OKI 

SARATOGA SSM7187 

PERFORMANCE P4C187 

4MX1 512KX8 

THM14000 THM8512/4 

1MX9 1 MX9 (Common 1/0) 1 MX9 (Low profile) 

THM91 000/1 12 THM91010/1/2 THM91 020/1/2 

HB56A19 

MH1M09J 

MSC2310YS9/KS9 

4KX4 8KX8 

0.3 Inch 

TMM2068AP TMM2088P 

MB8168 MB81C78 

HM6168 

IMS1420/1421 

M5M2168 M5M5178 

MCM6168 MCM6164 

"P04314C 

AM2168 

16KX4 (wlO OE) 16KX4 (w/OE) 8KX8 

0.3 inch 

TC55416 TC55417 TC5588 

CY7C164 CY7C166 CY7C185 

MB81C74 MB81C78 

HM6288 

1017188 1017198 1017164 

IMS1620 IMS1624 IMS51630 

M5M5188 M5M5178 

MCM6288/9 MCM6290 MCM6164 

"P04362 "P04363 

MSM5188US 

SSM7188 SSM7166 SSM7164 

P4C188 

13 

TOSHIBA 

1MX8 

THM81 000/1/2 

HB56A18 

MH1 M08 

MSC2311 YS8/KS8 

256KX36 

THM362500 

8KX9 

TMM2089 

MB81C79 

M5M5179 

8KX9 

TC5589 

CY71C186 

MB81C79 

M5M5179 

SSM7169 



PRODUCT LINE CROSS REFERENCE (continued) 

7. Standard Static RAM 

Organization 8KX8 32KX8 128KX8 

NMOS/CMOS NMOS CMOS 

Package Width 0.3 inch 0.6 inch 0.6 inch/OA5 inch 

TOSHIBA TMM2063P/AP TMM2064P/AP TC5564AP/AF/L TC5565APL/AFL TC5563APL TC55257AP/AF TC55256PL/FL TC551001 P/F 

FUJITSU MB8464 MB8464 MB84256 

HM6264 HM6264 HITACHI HM6264AS HM6264ASP HM62256 
~------1-------~--------+--------+--------~------1--­

MITSUBISHI M5M5164 M5M5165 M5M5256 

NEC I'PD4464 I'PD4364 I'PD43256 ,uPD44256 

OKI MSM5165 MSM5164 MSM5165 

IDT IDT7164 

8 Pseudo Static RAM 

Organization 32KX8 128KX8 

TYPE PSRAM VS/PSRAM PSRAM 

NMOS/CMOS CMOS CMOS CMOS 

Package Width 0,6 Inch/0.3 inch/.45 inch 0.6 inch/0.45 inch 0.6 inch/0.3 inch/0.45 inch 

TOSHIBA TC51832P/PL/SP/SPL/F/FL TC518128P/F C518128AP/APL/ASP/ASPL/AF/AFL 

HITACHI HM65256 HM658128 

NEC "PD42832 

SHARP LH62258 

9. 64K/128K Bit NMOS EPROM/OTP 

Organization 8KX8 16KX8 

EPROM/OTP EPROM aTP EPROM OTP 

Pins 28 28 28 28 

TOSHIBA TMM2764AD TMM2464AP/AF TMM27128AD TMM24128AP/AF 

AMD Am2764A Am27128AD 

FUJITSU MBM2764 MBM27128A 

HITACHI HN482764 HN482764 HM4827128G HN4827128 

INTEL i2764A P2764A i27128A P27128A 

MITSUBISHI M5L2764K M5M2764P M5L27128K M5M27128P 

NEC "PD2764 "PD2764C "PD27128 "PD27128C 

OKI MSM2764 MSM27218 

TI TMS2764 

14 



TOSHIBA 

PRODUCT LINE CROSS REFERENCE (continued) 

10. 256K/512K/1 M BIT EPROM/OTP 

Organization 32KX& 64KXB 12BKXB 64KX16 

EPROM/OTP EPROM OTP EPROM OTP EPROM EPROM 

NMOS/CMOS NMOS CMOS NMOS CMOS NMOS CMOS CMOS 

TMM27256AD i~~~:~~~~~;~: TMM27512D 
TMM24512AP/AI TOSHIBA TMM27256BD TC57256AD TC54256AP/ AF TMM27512AD TC571000D TC571001 D TC571024D 

AMD Am27256 AM27C256 Am27512 AM27C1024 

FUJITSU MBM27256 MBM27C256 MBM27C1000 M6M27C1001 MBM27C102B 

HITACHI HN27256G HN27C256G HN4827256P HN27512G HN27C101 HN27C301 HN27C1024AG 

INTEL ;27256 ;27C256 P27256A P27C256 ;27512 P27512 27010 27210 

MITSUBISHI M5L27256K M5M27C256 M5M27256P M5M27C256P M5L27512 M5M27512P M5M27C100 M5M27C101 M5M27C102 

NEC "PD27256 "PD27C256A "PD27256C "PD27256C "PD27C100 "PD27C101 "PD27C1024 

OKI MSM27C256 MSM27C256 MSM27512 MSM271000 MSM271024 

NSC NMC27C256 NMC27C512 NMC27C1023 NMC27C1024 

TI TMS27C256 TMS27C512 

11. 256K/1 M Bit/2M Bit/4M Bit CMOS MROM 

-
Organization 32KX8 64KX8 128KX8 512KX8 

TOSHIBA TC53257P/F TC53512API AF TC531000AP/AF TC534000P 

TI TMS47C256 TMS47C1024 

FUJITSU MB83256 MB83512 MB831124 

HITACHI HN613256P HN62301 

MOTOROLA MCM65256A 

MITSUBISHI - pPD23C512 M5M23C100 M5M23C400 

NEC JLPD23C256 I'PD23C1000 

OKI MSM53256 R09512XES MSM531000 

GI ROC256D R09100XD 

15 
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TOSHIBA 

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

Memory Capacity 
Memory Type 

16KBII 64KBit 12K Bil 12iKBil 256KBIt 512KBit 1M Bil 4M Bit 

TMM41256APIATIAZ 
NMOS DynamiC RAM TMM41257AP/AT/AZ 

TMM41464AP/AT/AZ 

TC511000P/J/Z 
TC511001P/J/Z 
TC511002P/J/Z 
TC514256P/J/Z 
TC514258P/J/Z 
TC511000AP/AJ/AZ 
TC511001AP/AJ/AZ 

CMOS Dynamic RAM TC511002APIAJIAZ 
TC514256AP/AJ/AZ 
TC514266AP/AJ/AZ 
TC514258AP/AJ/AZ 
TC514268AP/AJ/AZ 
TC524256P/J/Z 
TC524257P/J/Z 

RAM TC51000P 

TMM2018AP TMM2063P TMM2089P 
TMM2068AP TMM2063AP 

NMOS SlatlC RAM TMM2064AP 
TMM2064P 
TMM2088P 

I ;6;~~~~~~FL TC5589P/J TC55257AP/Af TC518128P 
TC55256PIF TC551001P 

TC5565APUAFL TC51832P/SP/F 
CMOS StallC RAM TC5561P/J TC51832PUSPLIFl 

TC5562PiJ 

~~;~: 
TC5588P/J 

NMOS EPROM 
TMM2764AO/AOI TMM27128AO/AOI TMM27256AO/AOI TMM275120/01 

TMM27256BOIBOI TMM27512AO/AOI 

NMOS E'PROM TMM28257P 

CMOS EPROM TC57256AO TC571000110 
TC5710240 

ROM CMOS Mask ROM TC53257P/F TC531000/1AP/AF TC534000P 

NMOS OTP TMM2464AP/AF TMM24128APIAF TMM24256AP/AF TMM24512P/F 
TMM24256BP/BF TMM24512AP/AF 

CMOS OTP TC54256AP/Af TC541000/1-P 

17 



MEMORY SELECTION GUIDE (3) - WORD BY BIT 

W~Bii I 3 8 

2K TMM2018AP 

4K TMM2068AP 

TMM2063P/AP TMM2464AP/AF 
TMM2064P TMM2764AO/AOI 
TC5564APLJAFl 

8K TC5563APl 
TC5565APLJAFl 
TMM2088P 
TC5588P/J 

16K 
TC55416P/J TMM24128AP/AF 
TC55417P/J TMM27128AO/AOI 

TC55256P/F TMM27256AO/AOI/BO/BDI 
TC55257AP/AFl TC53257P/F 

32K TC51832P/Pl/SP/F T51256AD 
TC54256AP/AF TMM28257P 
TMM24256AP/AF/BP/BF 

64K 
TC5561P/J TMM41464AP TMM24512P/F/AP/AF 
TC5562P/J TMM27512D/OI/AO/AOI 

TC518128P 
TC551001P 
TC571000/IO 

128K TC541000/1P 
TC571024D 
TC531000AP 
TC531001AP/AF 

TMM41256AP/AT/AZ TC514256P/JIZ/AP/AJ/AZ 
TMM41257AP/AT/Al TC514258P/JIZ/AP/AJ/AZ 

TC514266AP/AJ/Al 
256K TC515268AP/AJ/AZ 

TC524256P/J/Z 
TC524257P/J/Z 
TC521000P 

512K TC534000P 

TC511000P/J/Z 
TC511001P/J/Z 

1M 
TC5ll002P/J/Z 
TC511000AP/AJ/AZ 
TC511001AP/AJ/AZ 
TC5ll002AP/AJ/AZ 

MEMORY SELECTION GUIDE (4) - HIGH DENSITY PACKAGE 

PACKAGE PlCC 

PIN 18 

TMM41256AT 
256K TMM41257AT 

TMM41464AT 

Oynam 
RAM 

1M 

64K 

StatiC 
12K 

RAM 

256K 

256K 
Mask 
ROM 1M 

64K 

128K 

OTP 

256K 

512K 

DRAM 1M 

SOJ 

24 26120 28 

TMM41256AZ 
TMM41257AZ 
TMM41464AZ 

TC511000J/AJ 
TC511001J/AJ 
TC511002J/AJ 
TC514256J/AJ 
TC514258J/AJ 
TC514266AJ 
TC514268AJ 

TC5561J TC5588J 
TC5562J 
TC55416J 
TC55417J 

TC5589J 

32 

TC524256J 
TC524257J 

18 

16 

ZIP 

20119 

TC5ll000Z/AZ 
TC5ll001Z/AZ 
TG511002Z/AZ 
TC514256Z/AZ 
TG514258Z/AZ 
TC514266AZ 
TC514268AZ 

9 

TMM2089P 
TC5589P/J 

SOG 

28 28 

TC5554AFl 
TG5565AFl 

TC55256Fl 
TC55257AFl 

TG53257F 

TG531000AF 

TMM2464AF 

TMM24128AF 

TMM24256AF/BF 
TG54256AF 

TMM24512F/AF 

TC524256Z 
TC524257Z 



TOSHIBA 

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

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

MROM TC531001 ~ 

OTP TC541001 

~~ 
EPROM TC571001 

OTP TC541000 

EPROM TC571000 52 l~ ~ I~ 
MROM TC531000 ..:( 

~~ 
OTP TMM24512 f 
EPROM TMM27512 

II " '" OJ m ~ I~ 
0 

1(15 "- "" '" " '" II ii .;:-,; « « Cl Cl Cl Cl Cl ,..... ,..... ,..... ,..... ..... r.. n"L ...... ...... . r.. 

~ 0; g m co "- "" '" " C0 
N N 

0 m co 
N N N N N 

N 
N N 

~ ~ ~ ~ iii ~ ~ & N g ~ ~ ~ £!- £!-

~ ~ ~ N ~ ~ 
05 ~ f* ~ ~ * ~ N ~ f "' iJS 

~ 

"' N .t "" ;f' :t ~ 
N .;:- ~ 0 0 N Cl 

.;:- « « Cl Cl z « (9 

~~ 
EPROM TMM27512 

OTP TMM24512 

MROM TC531000 

EPROM TC571000 > <to 

~~ 
OTP TC541000 

EPROM TC571001 • OTP TC541001 I~ 
MROM TC531001 ~ ..:( 

::2!'c:: MROM TC534000 ,,"co 
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TQSHIBA 

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

~~ MROM TC531000 
<t: 

~~ 
OTP TMM24512 

EPROM TMM27512 

MROM TC53257 

~~ 
OTP TC54256(TMM24256 

EPROM TC57256(TMM27256 ~ 

CRAM TC55257(TC55256 S: 
<c 

~~ 
OTP TMM24128 t 
ERPOM TMM27128 I:>; :r :t.' I~ 6- ~ d3' CJ ,;; 1£ ~ ~ 

"'f- H.S. SRAM TMM2089/TC5589 I~ :t.' ~ I~ ~co 0 '" - - - ~ 
g 

CRAM TC5563/64/65/88 S: I~ <c 0 

""f- SRAM TMM2063/64/88 I~ 0 I~ 
~as OTP TMM2464 t t 

EPROM TMM2764 > I~ ~ ~ 

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

u 
I~ I~ 

0 

Il'l "- CD '" " '" ~ :r .? .,r 0 0 0 0 0 

«) i;j CD "' " '" N 
N 

0 '" ro "- <D "' N N N N N N 

~ ~ ~ & N ~ ~ ~ ~ ~ ~ g 

~ ~ ~ * § ~ ~ ~ 
~ ~ ~ ~ ~ 

"- £ "' .1 .r N .,r ~ 0 0- N 0 
<t: <t: <t: 0 0 Z 

<:J 

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

EPROM TMM2764 > <>: 

""I- OTP TMM2464 • 26 m 
SRAM TMM2063/64/88 ~ 

CRAM TC5563/64/65/88 • ""I- H.S. SRAM TMM20S9/TC55S9 :r ~ :t' .£ ;;; :;' .f' ~ :? ~CiS - - - -

~~ 
EPROM TMM27128 !j;- ~ ~ :t' .£ ;;; :;' .f' ~ :? 8 C; 

~-

• 
r--

OTP TMM24128 

CRAM TC55257/TC55256 ~ 

~26 
EPROM TC57256/TMM27256 > 

OTP TC54256/TMM24256 t 
MROM TC53257 ~ 

~~ 
EPROM TMM27512 ~ 

OTP TMM24512 

~~ MROM TC531000 
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TOSHIBA MOS MEMORY PRODUCTS 
262, 144WORDX1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

TMM41256AP/ AT/ AZ-1 0, TMM41256AP/ AT/ AZ-12 
TMM41256AP/ AT/ AZ-15 

DESCRIPTION 

The TMM41256AP/AT/AZ is the N-channel dynamic 
RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41256AP/AT/AZ to be 
packaged in a standard 16 pin plastic DIP, 18 pin PLCC 
and 16 pin ZIP. The package size provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. The double 
layered MOS technology with polycide and poly Si 
permits the TMM41256AP/AT/AZ high speed operation. 

FEATURES 

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

TMM41256AP/AT /AZ-1 0/-12/-15 

RAS Access Time 1 00ns/120ns/1 50ns 

CAS Access Time 50ns/ 60ns/ 75ns 

Cycle Time 190ns/220ns/260ns 

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

generator 
• Low Power: 

440mW MAX. Operating (TMM41256AP/AT/AZ-10) 
396mW MAX. Operating (TMM41256AP/AT/AZ-12) 
358mW MAX. Operating (TMM41256AP/AT/AZ-15) 

28mW MAX. Standby 

PIN CONNECTION (TOP VIEW) 

D1M41256AP TMM41256AT 

A8 
Ow 

AC 
A;:! 6 
Ai 7 

Vee 8 

'''~3 

CAS 

°OU1' 
A6 
A3 
A4 

1'.5 
9 A7 

P1N·NAMES 

AO-A8 Address Inputs 

CAS Column Address Strobe 

DIN Data In 

DOUT Data Out 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vec Power (+5V) 

Vss Ground 

TMM41256AZ 

Also, the advanced circuit techniques have realized low 
power dissipation. System oriented features include 
single power supply of 5V ± 10% tolerance, direct inter­
facing capability with high performance logic families 
such as schottky TTL. I n addition to the RAS only 
refresh mode and a CAS before RAS automatic refresh are 
available. Another special feature of TMM41256AP/AT/ 
AZ is page mode, allowing the user to access at a high 
data rate. 

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

• Common I/O capability using "EAR L Y WR ITE" 
operation 

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

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

Plastic DIP TMM41256AP 
Plastic Leaded Chip Carrier: TMM41256AT 
Plastic ZI P TMM41256AZ 

BLOCK DIAGRAM 

AO 

Al 
A2 

A3 

,\4-

A5 

AS 

.\7 

AS 

Dour 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

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

Power Supply Voltage VCC -1-7 V 

Operati ng T emperatu re TOPR 0-70 °c 
1 

Storage Temperature TSTG -55-150 °c 
Soldering Temperature- Time TSOLOER 260-10 °C-sec 

Power Dissipation Po 600 mW 

Short Circuit Output Current lOUT 50 mA 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

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

SYMBOL 

ICCl 

V OH 

PARAMETER MIN. MAX. UNITS NOTES 

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

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

RAS ONLY REFRESH CURRENT 

TMM41256AP/AT/AZ·l0 

TMM41256AP/AT/AZ·12 
TMM41256AP/AT/AZ·15 

TMM41256AP/AT/AZ·l0 

80 mA 

72 mA 3,4 

65 mA 

5 mA 

70 mA 

Average Power Supply Current, RAS Only Refresh Mode TMM41256AP/AT/AZ·12 - 62 rnA 3 
(RAS Cycling, CAS = V1H: tRC= tRcMIN.) TMM41256AP/AT/AZ·15 - 55 mA 

PAG E MOD E CU R RENT I-'f_M_M_4C-'1..=2.::.c56::...A_P..:.../A.c.T....:./.c.A'-Z....:..1..:..0+-_-_+-_6_0--t_m_A---j 
Average Power Supply Current, Page Mode TMM41256AP/AT/AZ·12 - 55 mA 3,4 
(RAS = VIL, CAS Cycling: tpc = tpc MIN.) TMM41256AP/AT/AZ·15 - 50 mA 

CAS BEFORE RAS REFRESH CURRENT __ TMM41256AP/AT/AZ·l0 - 70 mA 
Average Power Supply Current, CAS Before RAS i---------+---+---'--'--+-----j 
Refresh Mode TMM41256AP/AT/AZ·12 - 62 mA 3 

(RAS, CAS Cycling, CAS Before RAS: tRC= tRc MIN.) TMM41256AP/AT/AZ·15 - 55 mA 

INPUT LEAKAGE CURRENT 
Input Leakage Current, any input -10 10 f.lA 
(OV ~ VIN ~ 6.5V, ALL Other Pins Not Under Test = OV) 

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

-10 10 

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

2.4 

OUTPUT LEVEL 
Output "L" Level Voltage (loUT= 4.2mA) 

0.4 V 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ~12 
TMM41256AP/AT/AZ-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

TMM41256AP / TMM41256AP/ TMM41256AP/ 
SYMBOL PARAMETER AT/AZ-l0 AT/AZ-12 AT/AZ-15 UNITS NOTES 

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

t RC Random Read or Write Cycle Time 190 - 220 - 260 - ns 

t RWC Read-Write Cycle Time 200 - 240 - 285 - ns 

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

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

tPRWC Page Mode Read-Write Cycle Time 110 - 140 - 170 - ns 

tpRMW Page Mode Read-Modify Write Cycle Time 130 - 160 - 195 - ns 

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

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

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

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

t RP RAS Precharge Time 80 - 90 - 100 - ns 

tRAS RAS Pulse Width 100 10,000· 120 10,000 150 10,000 ns 

tRSH RAS Hold Time 50 - 60 - 75 - ns 

tCSH CAS Hold Time 100 - 120 - 150 - ns 

tCAS CAS Pulse Width 50 10,000 60 10,000 75 10,000 ns 

t RCO RAS to CAS Delay Time 25 50 25 60 25 75 ns 13 

t CRP CAS to RAS Precharge Time 10 - 10 - 10 - ns 

tCPN CAS Precharge Time 15 -- 20 - 25 - ns 

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

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

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

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

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

Column Address Hold Time Reference 
70 85 105 tAR 

to RAS 
- - - ns 

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

t RCH 
Read Command Hold Time Reference 

0 0 a 12 
to CAS 

- - - ns 

Read Command Hold Time Reference 
10 15 20 12 tRRH to RAS 

- - - ns 

t WCH Write Command Hold Time 20 - 25 - 30 - ns 

Write Command Hold Time Reference 
70 85 105 tWCR to RAS 

- - - ns 

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

tRWL Write Command to RAS Lead Time 25 - 35 - 45 - ns 

tcwL Write Command to CAS Lead Time 25 - 35 - 45 - ns 

t OS Data-In Set-Up Time 0 - a - 0 - ns 14 

t OH Data-In Hold Time 20 - 25 - 30 - ns 14 

tOHR Data-In Hold Time Reference to RAS 70 - 85 - 105 - ns 

tREF Refresh Period - 4 - 4 - 4 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 15 
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lMM4t 258 AP/"TI AZ-lli" 

(Continued) 

TM M41256AP / TM M41256AP / TM M41256AP / 
SYMBOL PARAMETER AT/AZ-l0 AT/AZ-12 AT/AZ-15 UNITS NOTES 

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

tcwo CAS to WRITE Delay Time 30 - 40 - 50 - ns 15 

tRwO RAS to WRITE Delay Time 80 - 100 - 125 - ns 15 

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

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

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

tCPT 
CAS Precharge Time (CAS before 

40 - 50 - 60 -
RAS Counter Test) ns 

CAPAC1YANCe (VCC =5V± l00lo,f= lMHz, Ta=0"'70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS 
Cll Input Capacitance (Ao"'Ag, DIN) - 5 
CI2 Input Capacitance (RAS, CAS, WR ITE) - 7 pF 
Co Output Capacitance (DOUT ) - 7 

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

device. 
2. All voltages are referenced to V ss . 
3. I CCl , I CC3 , Icc4 , I CC5 depend on cycle rate. 
4. ICC1' I CC4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200fJ.s is required after power-up followed by any 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa­
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume h= 5ns. 
7. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between VIH and VIL . 
8. Assumes that tRCO .;:;; tRCO (max.). If tRCO is greater than the maximum recommended value shown in this 

table, t RAC will increase by the amount that tRCO exceeds the value shown. 
9. Assume that t RCO ~ tRCO (max.) 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 
11. t OFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced 

to output voltage levels. 
12. Either tRCH or tRRH must be satisfied for a read cycle. 
13. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. tRCO (max.) is specified as a 

reference point only: If tRCO is greater than the specified tRCO (max.) limit, then access time is controlled 
exclusively by t CAC ' 

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

15. twcs, t cwo and t RwO 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 t cwo ~ t cwo (min.) and tRwo~ tRWO (min.), 
the cycle is a read-write cycle or read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 
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TMM41258AP/AT/AZ-10, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

TIMING WAVEF.QR,M$ . 

• READ CYCLE 
tRC 

tRAs 

tAR 

tCSH 

tRSH 

tCAS 

~~: -WIlmW~f---_I_t~ ___ tc_A_C =1 I ~t;u#a 
'lOH - OPEN -------f,VALID D;TA ~----
VOL -- .. 

DOUT 

E22Zl Don't care 

• WRITE CYCLE (EARLY WRITE) 

RAS 
VI:! -
'lIL -

CAS 
VIH -

VIL -

VIH -
AO-AS 

VIL -

WRITe: 
VIH -
Vn -

DOUT 
VOH -

VOL - ----------------------------
~ Don't care 
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TMM41258AP/AT/Al~1.5 ".~ ... :.~;::;;':', 

• READ-WRITE/READ-MODIFY-WRITE CYCLE 

Ir== 
'tRWc/tru,r;v 

tRAS 

vIa - tAR 
RA8 

VIL -
tRSH 

tCSH 

tCAS 

CAS 
VIn -
VIL -

VrH -
AO-A3 

IfrL -

tc,VD 

E223 Don't care 
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4l256AP1AT/AZ~15 ' 

• PAGE MODE READ CYCLE 

RAS 

CAS 

AD-AS 

DOUT 

VIH - tAR 

VIL 

VIR 

VIL -

,
I' 1 

\fOR -­
----------~--OPEN 

VeL -- /'VALID DATA 
";::l,C S I _t..:.;:RC:::.;hc:-.' ~_ 

• PAGE MODE WRITE CYCLE (EARLY WRiTE) 

AD-AS 

VIH-
V IL - ~.J....I...t-J-1.JJ ~ ___ ~ 
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·TM;1I412e8A~ IjlT/AZ-r5> 

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

CAS 
VIS 

'.IlL 

VlEi -
AO-Ad 

VI:' -

I t~.CS I 
VIH -

WRITE 

'.In -

VOH -
DOUT 

'JOL - tR_:':; 

DIN '/IEi -

'J IL - ...l.....I.--'-"~~~....l-{.....:..J....J 
l l l 

VALID DATA VALID DATA '/ALIi) DATA 

~ Don't care 
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. TMM41256AP/AT/AZ-l0, TMM41256A:P/AT/AZ-12 
TMM41256AP IATI AZ-15 

• RAS ONLY REFRESH CYCLE 

RAS 

CAS 

AO-A7 

tRP 

VIR -
vIL -

VIH -

VIS _-rT'"'I'....,...,.-,..,....,...,...,....,...~ ~..:....---..,j ,..,..,..,...~.,....,....,..~~...,....,...,.........- r-----­
V I L - -'-'-'''''''''''"'-'-'-'-~...t...t...I "F-----"r "-'-i..I-'-'-J..L..LJ...J...i...J..kJ-i.~~ "'----__ 

VOH - ---------- OPEN 
VOL-

NOTE: WR ITE = Don't care, AS = Don't care E2Za Don't care 

• CAS BEFORE RAS REFRESH CYCLE 

DOUT 

VIH -

vIL -

VOH -

tCPN 

Vo L - ------"I" 

tRAS I ~I_----
\~-----~~------~ 

tCSR 

OP;::N 

NOTE: WR ITE = Don't care, AO '" AS = Don't care E2Z3 Don't care 
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• HIDDEN REFRESH CYCLE (READ) 

AO-A8 

'jo~ - t VALID DATA "'K _______ _ 
VOL - \~.-------------------------~% 

~ Don't care 

• HIDDEN REFRESH CYCLE (WRITE) 

RAS 
'iIR -
Vn 

CAS 
VB -

VIH -
AO-A8 

VIL -

WRITE 
VIS -

VrL -

VrH -
DIN 

'IIL --

VOH -
DO lIT 

VOL - OPE~l 

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

• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

BAS 

CAS 

AO-AS 

• READ CYCLE 

fOUT 

[mm 

DOUT 

VIH -
vrL -

VrL -

Vm -
VrL -

• READ-WRITE/READ-MODIFY-WR ITE CYCLE 

VOH ---------~_.....(I 
vOL - 1<=---~ 
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ADDRESSING 
The 18 address bits required to decode 1 of the 

262,144 cell locations within the TMM41256AP/AT / 
AZ are multiplex'ed 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 Colu mn Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

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

DATA INPUT/OUTPUT 
Data to be written into a selected cell is latched 

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

Data is retrieved from the memory in a read cycle 
by maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cycle in 

which CAS is active (low). Data read from the select­
ed cell will be available at the output within the 
specified access time. 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (DouT) 

of the TMM41256AP/AT/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 1 is at access time during a read cycle. 
DouT will remain valid form access time until CAS is 
taken back to the inactive (high level) condition. 

PAGE MODE 
The "Page-Mode" feature of the TMM41256AP/ 

AT / AZ allows for successive memory operations at 
multiple column locations of the same row address 
with increased speed without an increase in power. 
This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 through­
out all successive memory cycles in which the row 
address is common. This "Page Mode" of operation 
will not dissipate the power associated with the 
negative going edge of RAS. Also, the time required 
for strobing in a new row address is eliminated, there­
by decreasing the access and cycle times. 

RAS ONLY REFRESH 
Refresh of the dYf"lamic cell matrix is accomplish­

ed by perform ing a memory cycle at each of the 256 
row address (AO ~ A7) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this function is 
most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction 
in operating power. This reduction in power is 
reflected in the I CC3 specification. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the 

TMM41256AP/AT/AZ offers an alternate refresh 
method. If CAS is held on low for the specified 
period (tCSR) before RAS goes to low, on chip re­
fresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed, 
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TMM41256AP/AT/AZ-l0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 

the refresh address counter is automatically incre­
mented in preparation for the next CAS before RAS 
refresh operation. 

HIDDEN REFRESH 
An optional feature of the TMM41256AP/ A T / AZ 

is that refresh cycles may be performed while main­
taining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at V 1L and taking RAS high and after 
a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

f M~!ORY Cn~_R_E_F_R_ES_H-,n,-_R_E_F_R_E_SH.....J/CLE 
--~\ / 

VALID DATA 
\~ ______ ~ ____________ -+ __________ -J 

I 
DOUT - OPEN I 

This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data avail­
ability. 

CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TMM41256AP/ 
AT/AZ can be tested by CAS BEFORE RAS RE­
FRESH COUNTER TEST. This cycle performs 
R EAD/WR ITE operation taking the internal counter 
address as row address and the input address as 
column address. 

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

G) Write "0" into all the memory cells at normal 

write mode. 
(2) Select one certain column address and read "0" 

out and write "1" in each cell by per.forming CAS 
BEFORE RAS REFRESH COUNTER TEST 
(READ-WR ITE CYCLE). Repeat this operation 
256 times. 

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

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

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

@ Perform the above G) to @ the complement 
data. 
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'OUTLINE "ORAWINGS 

• Plastic DI P 

H 
::s 
to 
N 

0.5±O.15 

I i 1.4,±O.15 

Unit in mm 

7.62±O.~ 

I 
,----~ 

2.54±O.25 

NOTE: Each lead pitch is 2.54mm. All leads are located within O.25mm of their true 
longitudinal position with respect to No.1 and No. 16 leads. All dimensions 
are in millimeters. 

- A-16 -



• Plastic LCC 

r-! ,.jI 
I:') ,.jI 

IIi r-: 

I I 
10 0 
o t'l 
IIi r-: 

TMM41258AP/AT/AZ-l0, TMM41258AP/AT/AZ-12 
TMM41258AP/AT/AZ-15 

1 3.2 6 - 1 3.5 1 Unit in mm 

1 2.37 - 1 2.5 2 

1 0.8 5 - 1 1.8 6 

NOTE: Each lead pitch is 1.27mm. All dimensions are in millimeters. 
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;~i'f.'lf4J~Ali~;.i~"~~ 
TMM4l258APIAT/AZ~l5· 

• Plastic ZI P 

2 <l65MAX .. 

~ 

~ ~ 
\j .. \j IJ .. ,IJ \J \J .. \oj 

1.27 ± 0.25 0.4,5-0.75 II 
\J \J \I '" 

i 
H 
:s 
o 
C'"i 

Unit in mm 

0.20-0.35 

--+_-+,..;.2.54. TYP. 

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

NOTE: Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any 
time without notice, to change said circuitry. 
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TOSHIBAMOSMEMORY PRODUCTS 
262, 144WORDX1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

TMM41257 API ATI AZ-1 0, TMM41257 API ATI AZ-12 
TMM41257 API ATI AZ-15 

OESCRIPnON 

The TMM41257AP/AT/AZ is the N-channel dynamic 
RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41257AP/AT/AZ to be 
packaged in a standard 16 pin plastic DIP, 18 pin PLCC 
and 16 pin ZIP. The package size provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. The double 
layered MOS technology with polycide and poly Si 
permits the TMM41257AP/AT/AZ high speed operation. 

FEATURES 

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

TMM41257AP/AT /AZ-l0/-12/-15 

RAS Access Time 100ns/120ns/150ns 

CAS Access Time 50ns/ 60ns/ 75ns 

Cycle Time 190ns/220ns/260ns 

Nibble Mode Access Time 25ns/ 30ns/ 40ns 

Nibble Mode Cycle Time 50nsl 60ns/ 70ns 

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

generator 
• Low Power: 

440mW MAX. Operating (TMM41257AP/AT/AZ-10) 
396mW MAX. Operating (TMM41257AP/AT/AZ-12) 
358mW MAX. Operating (TMM41257AP/AT/AZ-15) 

28mW MAX. Standby 

TMM41257AP 

Or:; 
.'{~i!:: :3 

";AZ' 4-
AO 5 
}.;:!. 6 
A1 7 

':';c 3 

~.jS3 

~ 
14 DatiT 
13 A6 
1:! A:3 

11 A4 
10 A5 

9 A7 

AO~A8 

CAS 

DIN 
DOUT 
RAS 
WRITE 

Vcc 
Vss 

THM41257AT 

Address In~uts 
Column Address Strobe 
Data In 
Data Out 
Row Address Strobe 
Read!VVrite Input 
Power (+5V) 
Ground 

TMM41257AZ 

Also, the advanced circuit techniques have realized low 
power dissipation. System oriented features include single 
power supply of 5V ± 10% tolerance, direct interfacing 
capacibility with high performance logic families such as 
schottky TTL. I n addition to the RAS only refresh mode, 
a CAS before RAS automatic refresh is available. Another 
special feature of TMM41257AP/AT/AZ is nibble mode, 
allowing the user to serially access 4 bits of data at a high 
data rate. 

Output unlatched at cycle end allows two-dimensional 
chip selection 
Common I/O capability using "EAR L Y WR ITE" 
operation 
Read-Modify-Write, CAS before RAS refresh, RAS­
only refresh, Hidden refresh, and Nibble Mode capabili­
ty 
All inputs and output TTL compatible 
256 refresh cycles/4ms 
Package 

Plastic DIP 
Plastic Leaded Chip Carrier 
Plastic ZI P 

BI;.OCI(' Ot.AGRAM 

AO 

Al 
A2 

... 3 

A4 

A:! 

AS 

A7 

AS 

: TMM41257 AP 
: TMM41257AT 
: TMM41257AZ 
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"J·II'1I4,1:2_lAP1AT/AZ .. t_,···'T'III·1VI4J.:2&1'AP/"i/~~~~1", 
, TMM4l257AP/AT/Az~ 19 . ".' ' .~:". 

ITEM SYMBOL RATING UNITS NOTES 

Input and Output Voltage VIN, VOUT -1 "'7 V 1 

Power Supply Voltage VCC -1 "'7 V 1 

Operating Temperature TOPR 0'" 70 °c 1 

Storage Temperature TSTG -55'" T50 °c 1 

Soldering Temperature- Time TSOLOER 260 - 10 °C_ sec 1 

Power Dissipation Po 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 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 - 0.8 V 2 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TMM41257AP/AT/AZ-l0 - 80 

ICCl Average Power Supply Operating Current TMM41257AP/AT/AZ-12 - 72 mA 3,4 
(RAS, CAS Cycling: tRC = tRC MIN.) TMM41257AP/AT/AZ-15 - 65 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 5 mA 
( R AS = CAS = V IH ) 

RAS ONLY REFRESH CURRENT TMM41257 AP/AT /AZ-l 0 - 70 

ICC3 
Average Power Supply Current, RAS Only TMM41257AP/AT /AZ-12 - 62 mA 3 
Refresh Mode 
(RAS Cycling, CAS = VIH: tRC = tRC MIN.) TMM41257 AP/AT /AZ-15 - 55 

NIBBLE MODE CURRENT TMM41257AP/AT/AZ-l0 - 50 
ICC4 Average Power Supply Current, Nibble Mode TMM41257AP/AT/AZ·12 - 48 mA 3,4 

(RAS = VIL, CAS Cycling: tNC = tNC MIN.) TMM4l257 AP/AT /AZ-15 - 45 

CAS BEFORE RAS REFRESH CURRENT TMM41257AP/AT /AZ-l0 - 70 

ICC5 
Average Power Supply Current, CAS Before 

TMM41257AP/AT/AZ-12 - 62 mA 3 
RAS Refresh Mode (RAS, CAS Cycling, 
CAS Before RAS: tRC = tRC MIN.) TMM41257 AP/AT / AZ-15 - 55 

INPUT LEAKAGE CURRENT 
II(Ll I nput Leakage Current, any input -10 10 f.J.A 

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

I IO(Ll 
OUTPUT LEAKAGE CURRENT 

-10 10 f.J.A 
(DOUT is disabl~d, OV ~ VOUT ~ +5.5V) 

VOH 
OUTPUTLEVEL 

2.4 - V 
Output "H" Level Voltage (10 UT =-5mA) 

VOL 
OUTPUT LEVEL 

- 0.4 V 
Output "L" Level Voltage (lOUT = 4.2mA) 
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TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12' 
TMM41257AP/AT/AZ-15 

EL_E~J6ICAL CHARACTJ;61'TICS-AND R;~~OMME~D.ED "~~~aAIING ; CONDITIONS 
(Vcc =5V± 10%, Ta=0""70°C) (Notes 5,6, 7) 

TMM41257AP/ TMM41257AP/ TMM41257AP/ 
SYMBOL PARAMETER AT/AZ-l0 AT/AZ-12 AT/AZ-15 

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

tRC Random Read or Write Cycle Time 190 - 220 - 260 -

tRwC Read-Write Cycle Time 200 - 240 - 285 -

tRMW Read-Modify-Write Cycle Time 220 - 260 - 310 -

tNC Nibble Mode Cycle Time 50 - 60 - 70 -

tNRwC 
Nibble Mode Read-Write/Read-Modify 

75 - 90 - 105 -
Write Cycle Time 

--
tRAC Access Time from RAS - 100 - 120 - 150 

tCAC Access Time from CAS - 50 - 60 - 75 

tNCAC Nibble Mode Access Time - 25 - 30 - 40 

tOFF Output Buffer Turn-Off Delay 5 25 5 30 5 35 

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

tRP RAS Precharge Time 80 - 90 - 100 -

tRAS RAS Pulse Width 100 10,000 120 10,000 150 10,000 

tRSH RAS Hold Time 50 - 60 - 75 -

tCSH CAS Hold Time 100 - 120 - 150 -

tCAS CAS Pulse Width 50 10,000 60 10,000 75 10,000 

tRCD RAS to CAS Delay Time 25 50 25 60 25 75 

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

tCPN CAS Precharge Time 15 - 20 - 25 -

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

tRAH Row Address Hold Time 15 - 15 - 15 -

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

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

70 85 105 tAR to RAS 
- - -

tRcS Read Command Set-Up Time 0 - 0 - 0 -
Read Command Hold Time Reference 

0 0 0 tRCH 
to CAS 

- - -

Read Command Hold Time Reference 
10 15 20 tRRH to RAS 

- - -

tWCH Write Command Hold Time 20 - 25 - 30 -

Write Command Hold Time Reference 
70 85 105 tWCR to RAS 

- - -

twp Write Command Pulse Width 20 - 25 - 30 -

tRWL Write Command to RAS Lead Time 25 - 35 - 45 -

tCWL Write Command to CAS Lead Time 25 - 35 - 45 -

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

tOH Data-In Hold Time 20 - 25 - 30 -

tOHR Data-In Hold Time Reference to RAS 70 - 85 - 105 -

tREF Refresh Period - 4 - 4 - 4 

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

tcwo CAS to WR ITE Delay Time 30 - 40 - 50 -
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TMM41257AP/ TMM41257AP/ TMM41257AP/ 
SYMBOL PARAMETER AT/AZ-10 AT/AZ-12 AT/AZ-15 UNITS NOTES 

MIN, MAX. MIN. MAX. MIN. MAX. 
,-

tRWD RAS to WRrrE' nelay Time 80 - 100 - 125 - ns 15 
" 

tNCAS Nibble Mode CAS Pulse Width 25 - 30 - 40 - ns 

tNCP Nibble Mode CAS Precharge Time 15 - 20 - 20 - ns 

tNRRSH Nibble Mode RAS Hold Time (Read) 20 - 25 - 30 - ns 

tNWRSH Nibble Mode RAS Hold Time (Write) 40 - 45 - 50 - ns 

tNCWD Nibble Mode CAS to WR !TE Delay Time 25 - 30 - 40 - ns 

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

- - - ns 

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

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

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

tCPT 
CAS Precharge Time (CAS before RAS 

40 - 50 - 60 - ns 
Counter Test) 

CAPACITANCE (Vcc = 5V ± 10%, f = 1MHz, Ta = 0'" 70°C) 

SYMBOL PARAMETER MIN, MAX. UNITS 

CI1 Input Capacitance (Ao '" As, DIN) - 5 pF 

CI2 I nput Capacitance (RAS, CAS, WR ITE) - 7 pF 

Co Output Capacitance (DOUT) - 7 pF 
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NOTES: 

TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

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 CCl , Icc3 , Icc4 , Icc5 depend on cycle rate. 
4. I CCl , Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200f.Ls is required after power-up followed by any 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa­
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT =:: 5 ns. 
7. V 1H (min.) and V 1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V 1H and V 1L . 
8. Assumes that t RCD < t RCD (max.). If t RcD is greater than the maximum recommended value shown in this 

table, tRAc will increase by the amount that t RCD exceeds the value shown. 
9. Assumes that tRCD ~ tRCD (max.) 

10. Measured with a load equivalent to 2 TTL loads and 100 pF. 
11. tOFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced 

to output voltage levels. 
12. Either tRCH or tRRH must be satisfied for a read cycle. 
13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRAC (max.) is specified as 

a reference point only. If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
exclusively by t CAC ' 

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

15. t wcs , tcwD and t RWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If tCWD ~ tcwD (min.) and 
t RWD ~ tRWD (min.), the cycle is a read-write cycle or read-modify-write cycle and the data out will contain 
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 
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TMM41t2:57"APiAT/tZ~1 .. 0~ .11lIVf4J·2$7IP/At/IZ~12·i.·'·.· 
TMM41257 AP/A1/AZ;.15 

• READ CYCLE 

VIH 
CAS 

VIL 

Ao-Ag 
VIH 

VIL 

WRITE 
VIH 

VrL 

VOH 
DOUT 

VOL 

• WRITE CYCLE (EARLY WRITE) 

HAS 
vIH 

VIL 

CAS 
VIH 

VIL 

VIH 
Ao-As 

VIL 

WRITE 
VIH 

VIL 

DIN 
V1H 

VIL 

VOH 

~ Don't care 

DOUT 
VOL OPEN ~ Don't care 

- A-24 -



TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

• R EAD-WR ITE/R EAD-MODI FY-WR ITE CYCLE 

tRWC/tRMW 

VIH 
CAS 

VIL 

VIH 
AO-·;'8 

VIL 

WRITE VIH 

VIL -

VOH 
DOUT 

VOL 

VIH 
DIN 

VIL 

f2ZJ Don't care 
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·t.tH1APlAtl."f.O,·.·111"t261AP/.~Z;;l~ .. 
IIll1Vl41257AP/AT/AZ-15 ~," ,,', " " 

• NIBBLE MODE READ CYCLE 

"NRIT3 VIH­

VIL -

t;tCS 

I' 
! ////I//I/! 

• NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

RAS 
vIH -

vIL -

CAS VIH -

VIL -

WRITE VIH -
VIL -

V IH -
DI~1 VrL -

DOUT 
VOH -

VOL - -------------------------- OP~N 

fZZJ Don't care 

- A-26 -

~ Don't care 



TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

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

Ro\S 
vIH 

vIL 

CAS VIS 

VIL 

Ao-As 
VIH 

VIL 

WRITE VIS 

VIL 

DOUT 

t:RAS 

tNR'NC 

Vi,LID 
DATA 
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·';<>.~tMM4lt5lAPtAltAZ-·1 '0, llVlM41257APtAT tAZ·,1;2 
.TM .• 4l257AP/AT/AZ-15 

• RAS ON L Y REFRESH CYCLE 

tBC 

vIH_ 
BAS 

VIL -

tRAS ~! 
I I 

VIH -
CAS 

VIL _ 

Dour OPEN 

Note: \.J'RITE=Don' t care, A8=Don' t care 

• CAS BEFORE RAS REFRESH CYCLE 

BAS 
VIR -

vIL -

tCPN 

CAS 
VIR -

VIL -

VOR 
Dour 

VOL 
OPEN 

tRP 

tRPC 

Note: WRITE=Don' t care, AO '" A8=Don' t care 
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TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

• HIDDEN REFRESH CYCLE (READ) 

WRIlE 

D2.UT 

vrH -

VrL -

tRAS 

I tRRH I 
, __ §Zi'ZZI/@1I1I1I1I! 

I t~AC I I "OFF 

----------------~(~: ______ V_A_L_I_D __ D_A_T_A ____ -4P~-----------
f2Z] Don't care 

• HIDDEN REFRESH CYCLE (WRITE) 

t:l.C 

WRTIE vIH 

vIL 

Dr:1 
vIH 

vIL 

DOUT 

V OH 

vOL 
----------- OPE~l 

f2Z:l Don't care 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
vIH 

vIL 

v IH -
CAS 

VIL -

• READ CYCLE 

VOH -

[DOUT -vOL 

NRIJ:B 
VIti 

VIr.. 

• WR ITE CYCLE 

vOH OPSN 
[DOUT vOL 

t\,{CH 

l::B 
VIti -

VIL 
tDS tDH 

VIH % 
VIL 

• READ-WR ITE/READ-MODI FY-WR ITE CYCLE 

DOUT 

·N:tITE 
VIR 
VIL 

DI~ 
VIH 

VIL 

f2Zj Don't care 
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TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

APPLICATION INFORMATION 

ADDRESSING 
The 18 address bits required to decode 1 of the 

262,144 cell locations within the TMM41257AP/AT/ 
AZ are mUltiplexed onto the 9 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

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

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

DATA I N PUT/OUTPUT 
Data to be written into a selected cell is latched 

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

Data is retrieved from the memory in a read cycle 
by maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cycle in which 

CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT. CONTROL 
The normal condition of the Data Output (D ouT ) 

of the TMM41257 AP/AT /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 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) con­
dition. 

NIBBLE MODE 
Nibble mode operation allows faster successive 

data operation on 4 bits. The first of 4 bits is accessed 
in the usual manner with read data coming out at 
tCAC time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tCAC). Rowand 
column addresses need only be supplied for the first 
access of the cycles. From then on, the falling edge 
of 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', 1)~ 

Pin one (A 8) determines the starting point of the 
circular 4 bits nibble. Row A8 and column As 
provide the two binary bits needed to select one of 
four bits. From then on, successive bits come out in 
a binary fashion; 00 -+ 01 -+ 10-+ 11 with As row 
being the least significant address. 

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

RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished 

by perform ing a memory cycle at each of the 256 
row address (Ao "" A7) within each 4 millisecond 
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time interval. Although any normal memory cycle 
will perform the refresh operation, this function is 
most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the IcC3 specification. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the 

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

takes place. After the refresh operation is performed, 
the refresh address counter is automatically in­
cremented in preparation for the next CAS before 
RAS refresh operation. 

HIDDEN REFRESH 
An optional feature of the TMM41257AP/AT/AZ 

is that refresh cycles may be performed while main­
taining valid data at the output pin. This is referred 
to as Hidden Refresh. Hidden Refresh is performed 
by holding CAS at V 1L and taking RAS high and after 
a specified precharge period (tR), excuting a CAS 
before RAS refresh cycle, (see Figure below) 

REFRESH CYCLE REFRESH CYCLE pI .n ,./. 
\'---_--J-----__ -+-------JI 

DOUT - OPEN+-----< 

This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data avail­
ability. 

CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TMM41257 AP/ 
AT/AZ can be tested by CAS BEFORE RAS RE­
FRESH COUNTER TEST. This cycle performs 
R EAD/WR ITE operation taking the internal counter 
address as row address and the input address as 
column address. 

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

VALID DATA 

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

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

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

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

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

@ Perform the above CD to @ the complement 
data. 
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TMM41257AP/AT/AZ-l0, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 

OUTLINE DRAWINGS 

• Plastic DIP 

0.5±0.15 2.54. ±0.25 

I I 1.4. +0.15 

II , . 
II 

" " LJ 

Unit in rmn 

7.62 ±0.25 

I +O~ 
1 0.25_ 0 .05 

Note: Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with 
respect to No.1 and No.16 leads. All dimensions are in millimeters . 

• Plastic LCC 

r-! .,jO 

t'l .,jO 

cD r-: 
1 1 
It) 0 
o N 
cD r-: 

1 3.2 6 - 1 3.5 1 
Unit in mm 

1 2.37 - 1 2.5 2 

0.33-0.53 

1 0.8 5 - 1 1.8 6 

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

20.6 SMA" A. 

I 
r 

r-

t 
t- t- t- t- t- l- t- I-

"- ~ - - - r-

y u V u u u V V \oj v v II 

1.27 ± 0.25 0.45-0.75 II 

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

Unit in mm 

--OJ 
III :1 
II 

~ :1': CD II 
'0 II 

II 
I 

10.20-0.35 

2.54TYP. 
--+---+--

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 MOSMEMORY PRODUCTS 
65,536WORDX4BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

TMM41464AP/AT/AZ-10, TMM41464AP/AT/AZ-12 
TMM41464AP/AT/AZ-15 

DESCRIPTION 
The TMM41464AP/AT/AZ is N-chann'el dynamic 

RAM organized 65,536 words by 4 bit. The TMM41464 
AP/AT/AZ utilizes TOSHIBA's N-channel/Silicon gate 
process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and 
to the system user. 

Multiplexed address inputs permit the TMM41464AP/ 

FEATURES 

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

DEVICE tRAC tCAC tRC 

TMM4l464AP/AT /AZ-l0 lOOns 50ns 190ns 
TMM4l464AP/AT/AZ-12 120ns 60ns 220ns 
TMM4l464AP/AT/AZ-15 150ns 75ns 260ns 

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

generator 

PIN CONNECTION 

TMM41464AP TMM41464AT TMM41464AZ 

OE Vss - <- 1/03 
. ., 

~ ~I~~ 

l~l} 
CAS IjOl 1/04 Ij04 

1/02 CAS OE 
VSS 

WRITE 1/03 1/02 
1/01 

RAS AO 
CAS WRITE 
1/03 RAS 

A6 Al 
AO NC 1}.],._ 

A5 A2 Al i~] ~l! A6 
A5 

A4 A3 A2 ~1j;~~ 
A4 

VCC A7 
VCO A7 

» <: » » A3 
A2 

.p. ('l " w Al liJ~~ ('l AO L:_ 

PII\1' NAMES 

AO~A7 Address Inputs 

CAS Column Address Strobe 

1/01 ~ 1/04 Data Input/Output 

RAS Row Address Strobe 
WRITE Read/Write Input 

OE Output Enable 

Vcc Power (+5V) 

VSS Ground 

AT/AZ to be package in a standard 18 pin plastic DIP, 18 
pin PLCC and 20 pin ZI P. The package size provides high 
system bit densities and is compatible with widely avail­
able automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 

10% tolerance, direct interfacing capability with high 
performance logic familes such as schottky TTL. 

• Lower Power: 
440mW MAX. Operating (TMM41464AP/AT/AZ-10) 
396mW MAX. Operating (TMM41464AP/AT/AZ-12) 
358mW MAX. Operating (TMM41464AP/AT/AZ-15) 

28mW MAX. Standby 
• Output unlatched at cycle end allows two-dimensional 

chip selection 
• Read-Modify-Write, RAS only refresh, Hidden refresh, 

CAS before RAS refresh, and Page Mode capability 
• All inputs and outputs TTL compatible 
• 256 refresh cycles/4ms 
• Package 

Plastic DIP : TMM41464AP 
Plastic Leaded Chip Carrier: TMM41464AT 
Plastic ZIP : TMM41464AZ 

BLOCK :DIAGRAM-

I/02 1/04 
I/Ol 1/03 
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ABSOLUTE MAXIMUM RATING,S 

ITEM SYMBOL RATING UNITS NOTES 

I nput and Output Voltage VIN, VOUT -1 "'7 V 

Power Supply Voltage VCC -1 "'7 V 

Operating Temperature T OPR 0'" 70 °c 
1 

Storage Temperatu re T STG -55'" 150 °c 

Soldering Temperature'Time TSOLDER 260'10 °C'sec 

Power Dissipation PD 1 W 

Short Circuit Output Current lOUT 50 mA 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

Vcc Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TMM41464AP/AT/AZ-10 - 80 

ICC1 Average Power Supply Operating Current TMM41464AP/AT/AZ-12 - 72 mA 3,4 
(RAS, CAS Cycling: tRC = tRcMIN.) TMM41464AP/AT/AZ-15 - 65 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 5 mA 
(RAS = CAS = VIH ) 

RAS ONLY REFRESH CURRENT TMM41464AP/AT/AZ-10 - 70 

ICC3 Average Power Supply Current, RAS Only Refresh ModE TMM41464AP/AT/AZ-12 - 62 mA 3 

(RAS Cycling, CAS = VIH : tRC= tRcMIN.) TMM41464AP/AT/AZ-15 - 55 

PAGE MODE CURRENT TMM41464AP/AT /AZ-1 0 - 60 

ICC4 Average Power Supply Current, Page Mode TMM41464AP/AT/AZ-12 - 55 mA 3,4 

(RAS = VI L, CAS Cycling: tpc = tpc MIN.) TMM41464AP/AT/AZ-15 - 50 

CAS BEFORE RAS REFRESH CURRENT TMM41464AP/AT /AZ-1 a - 70 
--

ICC5 
Average Power Supply Current, CAS Before RAS TMM41464AP/AT/AZ-12 - 62 mA 3 
Mode . 

TMM41464AP/AT/AZ-15 - 55 (RAS, CAS Cycling, CAS Before RAS: tRC= tRC MIN.) 

INPUT LEAKAGE CURRENT 

'I (L) Input Leakage Current, any input -10 10 pA 
(OV <; V IN <; 6.5V, All Other Pins Not Unter Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 pA 
(DOUT is disabled, OV <; VOUT<; + 5.5V) 

VOH 
OUTPUT LEVEL 2.4 V 
Output "H" Level Voltage (IOUT=-5mA) -

VOL 
OUTPUT LEVEL - 0.4 V 
Output "L" Level Voltage (loUT= 4.2mA) 
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TMM41484AP/AT/AZ-l0, TMM41484AP/AT/AZ-12 
TMM41484AP/AT/AZ-15 

~;cM:~~,:~ 
(Vcc = 5V ± 10%, Ta = 0"" 70°C) (Notes 5,6,7) 

TMM41464AP / TMM41464AP / TMM41464AP / 
SYMBOL PARAMETER AT/AZ-l0 AT/AZ-12 AT/AZ-15 UNITS NOTES 

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

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

tRMW Read-Modify Write Cycle Time 260 - 300 - 355 - ns 

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

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

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

tOFF Output Buffer Turn-off Delay a 30 a 35 a 40 ns 11 

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

tRP RAS Precharge Time 80 - 90 - 100 - ns 

tRAS RAS Pulse Width 100 10,000 120 10,000 150 10,000 ns 

tRSH RAS Hold Time 50 - 60 - 75 - ns 

tCSH CAS Hold Time 100 - 120 - 150 - ns 

tCAS CAS Pulse Width 50 10,000 60 10,000 75 10,000 ns 

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

tCRP CAS to RAS Precharge Time 10 - 10 - 10 - ns c_ 
tCPN CAS Precharge Time 20 - 20 - 25 - n, 

CAS Precharge Time 
, 

tcp (for Page Mode Cycle Only) 
40 - 50 - 60 - ns 

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

tRAH Row Address Hold Time 10 - 15 - 15 - ns 

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

tCAH Column Address Hold Time 20 - 25 - 35 - ns 

Column Address Hold Time Reference 
70 85 110 tAR to RAS 

- - - ns 

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

Read Command Hold Time Reference a a a 12 tRCH to CAS 
- - - ns 

Read Command Hold Time Reference 
10 15 20 12 tRRH to RAS 

- - - ns 

tWCH Write Command Hold Time 30 - 35 - 45 - ns 

Write Command Hold Time Reference 
80 95 120 tWCR to RAS 

- - - ns 

twp Write Command Pulse Width 30 - 35 - 45 - ns 

tRWL Write Command to RA:) Lead Time 30 - 35 - 45 - ns 

tcwL Write Command to CAS Lead Time 30 - 35 - 45 - ns 

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

tOH Data-In Hold Time 30 - 35 - 45 - ns 14 

tOHR Data-In Hold Time Reference to RAS 80 - 95 - 120 - ns 

tREF Refresh Period - 4 - 4 - 4 ms 

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

t cwo CAS to WR ITE Delay 85 - 100 - 120 - ns 15 

t RWO RAS to WR ITE Delay 135 - 160 - 195 - ns 15 

tOEA OE Access Time - 25 - 30 - 40 ns 9,10 
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t'.l4'4APiATjAt~:1:8~. tM·I.·l41 •• "/lt~ 
·TMM4,1484AP1At/AZ-l'& 

TMM41464AP/ TMM41464AP/ TMM41464AP/ 
SYMBOL PARAMETER AT/AZ-l0 AT/AZ-12 AT/AZ-15 UNITS NOTES 

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

tOED OE to Data Delay 25 - 30 - 40 - ns 

tOEZ 
Output Buffer Turn-Off Delay Time 

0 25 0 30 0 40 ns 
from OE 

tOEH OE command Hold Time 25 - 30 - 40 - ns 

CAS Hold Time for CAS Before RAS 
30 30 30 tCHR' Refresh 

- - - ns 

tCSR 
CAS Set-Up Time for CAS Before RAS 

10 10 10 
Refresh 

- - - ns 

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

tCPT 
CAS Precharge Time for CAS Before RAS 

20 - 25 - 35 - ns 
Counter Test 

tROH OE Command Hold Time 10 - 10 - 10 - ns 

·e~~err~~~~;:; (VCC = 5V ± 10%, f = lMHz, Ta = 0 ~ 70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS 

Cll Input Capacitance (AO ~ A7) -- 5 

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

Co Input/Output Capacitance (1/01 ~ 1/04) -- 7 
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NOTES: 

TMM41484AP/AT/AZ-l0, TMM41464AP/AT/AZ-12 
TMM41484AP/AT/AZ-15 

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. I CCl , Icc3 , I CC4 , I CC5 depend on cycle rate. 
4. ICC1, Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200J.ls is required after power-up followed by any 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa­
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5 ns. 
7. V IH (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V 1H and V1L . 
8. Assumes that tRCD ~ tRCD (max.). If tRCD is greater than the maximum recommended value shown in this 

table, tRAC will increase by the amount that tRCD exceeds the value shown. 
9. Assumes that t RCD ~ t RCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and 100 pF. 
11. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition and 

is not referenced to output voltage levels. 
12. Either t RCH or tRRH must be satisfied for a read cycle. 
13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified as 

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

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

15. twcs, tCWD and t RWD are not restrictive operating parameters. They are included in the data sheet as elec­
trical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and the input/output 
pin will remain open circuits (high impedance) throughout the entire cycle; If tcwD ~ tCWD (min.) and 
tRWD ~ tRwD (min.), the cycle is a read-write cycle or read-modify-write cycle and the data out will contain 
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 
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• READ CYCLE 

VIH -

A(}-A7 VIL-

WRITE VIH -

tCSH 

tRSH 

tCAS 

V I L -..L.J-.'-'-'-J-.l-/.~~~ 

OE V 1H­

VIL-~~~~~wu~wu~~~ __ ~-y~~~~~~~~~~~ 

I. 
1/01-1/04. VOH - -----

VOL -
OPEN -----

• WRITE CYCLE (EARLY WRITE) 

tcSP. 

VIH-~,......,.-r'''I''"\ 

A(}- A7 VI L _ .J.,.J....L..L.J....L..J -p;.....--,--"i ~J'"):.. ___ ---"f' ~J....L.J.:.LJ.....l...U-~~~~~..LL./.~'....LJ 

OE ~~: - 1111 fll!/I !/IJIfIlll fl//J/!III //J! II ifill IIfIlJ////I//!III /IJ//IJ/ IlL 
I tDS rml too i 

1/01-1/04. :IIHL=-------tALID DATA-IN _______ OPEN ------

~ I?ZZJ Don't Car e 
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TMM41464AP/AT/AZ-l0, TMM41464AP/AT/AZ-12 
TMM41464AP/AT/AZ-15 

• WRITE CYCLE (OE CONTROLLED WRITE) 

tRC 

tRAs tRP 

vIH - tAR 
RAS' 

VIL --
tCSH 

CAS 
VIH -

vIL --

ACY-A7 
vIH --

VIL -

VIH __ ~~~~~~~~~~~~~~~-:~---;;;~~~rr~~~~~~~~~ 

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

VIH --

V I L -- -'-'-~~.J,...J..."""".I...I....'-'-'-'-I..J-J 

1/01 ..... 1/04 
VIH --

V1L - ___ -oJ 

~Don/t Care 

• READ-WRITE/READ-MODIFY-WRITE CYCLE 

VIH - tAR 

~ VIL-

eM 
V1H-

V1L --

V1H --
ACY-A7 

V1L --

WRf'I'E" 
VIH-

DE 
VIH--

VIL-

1/0 l ..... VO 4 
VI/OH-

VVOL-

~DOQ'\ Care 
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• PAGE MODE READ CYCLE 

tRSH 

WRITE VIH __ ~~~Tr~~:L~----~=:+=~~t+==~----~±"J;=4====----~~=+~~~ 

1/01-1/04. 

V I L -- ..... ""'-'-"'-'-:'-'-~ 

VIH -­

VIL --~~~~~~~~~~~~~~~~~~~ __ ~~~~~~~~~+-~~~~~~~~ 

VOH --
--------------------~l 

VOL --

VALID 
DATA-OUT 

f22ZJ Don't Ca re 

• PAGE MODE WRITE CYCLE 

AD-A7 

WRITE VIH __ 

VIL --~LLLL~WWWW~~~----~4L~~~H_----~~~j~~~r_--~~~~~~~~~~ 

1/01-1/04. 
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• RAS ONLY REFRESH CYCLE 

VIH _-----J 

TMM41484AP/AT/AZ-l0, TMM41484AP/AT/AZ-12 
TMM41484AP/AT/AZ-15 

VIH----~-~------------------~~-r------

AD-A7 

Notes: WRITE, OE=Don't Care ~DOD/t Care 

• CAS BEFORE RAS REFRESH CYCLE 

~RP 

RAS 
VIH-

VrL- tRPC 

tCPN 

CAS 
VIH--

VIL 

VOH --' OPEN 
1/01-1/04 

VOL --

Note: WRITE, OE, AO"'A7=Don't Care 
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• HIDDEN REFRESH CYCLE 

RA'S 
VIH -

VIL -

tCE? tCP.R tcpu 

CAS VIH -

VIL -

Ao-A7 VIH 

tROH 

II ~RRH I 
~JI//III//J//JI /11/11/11 II! II!J/!J//! 11111 

I 
_ VIH-

OE V I L - L.J...J.'...I...J...L.J..J.'...I...J...l../...J...L.J.....I...L...L..J...L..J~_~ _______ ---..J4-L.J...L..J'-+-L.L.L."W-.L.J..L..W-.L.J...L..JW-.L.J..L..u...L.J. 

tOEZ 

1/01- 1/04 V A LID D A T A - 0 :) T 

E2ZJ Don 't C3.re 
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TMM41464AP/AT/AZ-10, TMM41464AP/AT/AZ-12 
TMM41464AP/AT/AZ-15 

• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
vIL --

CAS 
vIH --

vIL -

AD-A7 
vIH --

vIL -

• READ CYCLE 

WRITE 
VIH --

VIL -

OE 
VIH --

VIL -

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

VOL --

• WR ITE CYCLE 

WRITE 
VIH -

VIL --~~~~~~~~~~~~++ __________ ~~~~~~~~~~ 
V II I I 

V;: __ if//! I/I//!I//!I!!/I! III!/ IIIIII//!/!!/ III!! /II/JIll! !//I/J//!/// II! /I//i 
1/01-1/04 

VIH -- _________ _ 
OPEN ---{I 

VIL -

• READ-WRITE/READ-MODIFY-WRITE CYCLE tR~'iL 

tC'.'lD 

VIH --~~~~~~~~~~~==~==========~ 
V I L -- U-L~'...L..L.~..L.J....LJ...L.LL.LJ...L.LLJ'..L.LJ 

VIH 

V I L -- L./....J,...J...I...<'...L..L..4.L.J.'...L..L.~~LJ...L.LLJu...L.~~LJ...L4---t-.J 

VI/OH --
1/01-1/04 ----------------------------~ 

VI/OL --

VALID DATA-OUT 
fZZJDon't Car'!! 
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" , 

,'" """_tl.AP/A'~.ft~D.,.t-.t4Ifi'i:ATlr 
TMI4148~AP/At/AZ~f:5' ",,, , ,<:~'l ' , J,\ 

A~P'::JCAJ,'.~N·~'J~ffQ~~~JtQt\I: 
ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464AP/AT/ 
AZ are multiplexed onto the 8 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 8 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS)' 
subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

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

Data Inputs 
Data is written during a write or read-modify-write 

cycle. 
The falling edge of CAS or WR ITE strobes data 

into the on-chip data latches. I n an early-write cycle, 
WR ITE is brought low prior to CAS' and the data is 
strobed in by CAS with setup and hold times re­
ferenced to this signal. I n delayed write or read­
modify-write cycle, CAS will already be low, thus the 
data will be strobed in by WR ITE with setup and 
hold times referenced to this signal. 

In delayed or read-modify-write, OE must be high 
to bring the output buffer to high impedance prior 
to impressing data on the I/O lines. 

Data Outputs 
The three-state output buffers provide direct TTL 

compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The 
outputs are in the high-impedance state until CAS 
is brought low. I n 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 which CAS and OE are low. 
CAS or OE going high returns it to a high impedance 
state. I n an early-write cycle, the outputs are always 
in the high-impedance state. I n 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. I n the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logic low level, 
the output buffer are enabled. Both CAS and 0 E 
can control the output. Thus in a read operation, 
either OE or CAS return.ing high forces the outputs 
into the high impedance state. 

RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplish­

ed by perform ing a memory cycle at each of the 
256 row address (Ao - A7) within each 4 milli­
second time interval. Although any normal memory 
cycJe will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction 
in operating power. This reduction in power is 
reflected in the Icc3 specification. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the 

TMM41464AP/AT /AZ offers an alternate refresh method. 
If CAS is held on low for the specified period (tCSR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh 
address counter is automatically incremented in 
preparation for the next CAS before RAS refresh 
operation. 

PAGE MODE 
The "Page-Mode" feature of the TMM41464AP/ 

AT / AZ allows for successive memory operations at 
multiple column locations of the same row address 
with increased speed without an increase in power. 
This is done by strobing the row address into the 
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TMM41464AP/AT/AZ-10, TMM41464AP/AT/AZ-12 
TMM41464AP/AT/AZ-15 

chip and maintaining the RAS signal at a logic a 
throughout all successive memory cycles in which the 
row address is common. This "Page Mode" of 
operation will not dissipate the power associated with 
the negative going edge of RAS. Also, the time re­
quired for strobing in a new address is eliminated, 
thereby decreasing the access and cycle times. 

MEMORY CYCLE 

RAS ---""\. 

c:iW" ----t--....... 

1/01-1/04 -OPEN-+----< 

This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data avai·l­
ability. 

CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh operation of TMM41464AP/ 

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

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

G) Write "0" into all the memory cells at normal 

HIDDEN REFRESH 
An optional feature of the TMM41464AP/AT /AZ 

is that refresh cycles may be performed while main­
taining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VI L and taking RAS high and after a 
specified precharge period (t RP )' executing a CAS 
before RAS refresh cycle. (see Figure below) 

PEFP.ESH CYCLE REFRESH CYCLE 

VALID D.';'TA-O\'!T 

write mode. 
@ Select one certain column address and read "0" 

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

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

@) Using the same column as @, read "1" out and 
write "a" in each cell performing CAS BEFORE 
RAS R EFR ESH COUNTER TEST. Repeat this 
operation 256 times. 

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

® Perform the above CD to ® to the complement 
data. 
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\~~~" 0 C,CC, " ~ ~ 0" 

"",:" Ttt .. .... ..·:I~'l/~·: . . ':O/,:,it_'t~:.*A'I,,~··~j;:"~;~:~\/~~>, 
, TMl4t4'4:_'IAJ'4~.l5 ',1; \ :;i,',i"" "i<,;'>W,;\Y;~~Jr;:\' 

• Plastic DIP 

18 17 16 15 14 13 12 11 10 

~ = = =-= = = = = f] 1234 S 6789 

2.54± 0.25 1.4 ± 0.15 

0.5±O.15 

en 
ci 

Unit in mm 

7.6 2±0.2 5 

7.62- 8.B 

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. 18 leads. All dimensions are in millimeters. 

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

TMM41464AP/AT/AZ-10,TMM41464AP/AT/AZ-12 
TMM41464AP/AT/AZ-15 

Unit in mm 

26.3MAX. 

INDEX DOT 

d 

I a.5±a.l 127TYP. 1,27TYP. 

2.54TYP. 

~ 
2 4 6 8 12 14 16 18 20 
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·.UrI:lMt;I"'t_'~i .·.··1j·.:);.I'I_'I' 
'MM4l4114APIA'IAl~;l&·:· . 

• Plastic LCC 

Unit in mm 

13.26-13.51 

1 2.3 7 - 1 2.5 2 

..... ~ 10 
t') ~ CXl 
ex) r-: .0 

I I I 

'" 0 CIl 
0 CIl r: ex) r-: 01) 

UJ ggwg i 
I 

II. 0.33 - 0.5 3 

.1 1 0.8 5 - 1 1.8 6 

1.27 TYP. 
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ToSHIBAMoS MEMORY PRODUCTS 
1 ,048,576WORD X1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

Te511 OOOP/J/Z-85, Te511 OOOP/J/Z-1 0 
Te511000P/J/Z-12 

DESCR1PTION 
The TC511 OOOP/J/Z is the new generation dynam ic 

RAM organized 1,048,576 words by 1 bit. The 
TC511000P/J/Z utilizes TOSHIBA's CMOS Silicon gate 
process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC511000P/J/Z to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 

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

TC511000P/J/Z-85-1O-12 

tRAC RAS Access Time 85 ns 100 ns 120 ns 

tAA 
Column Address Access 
Time 

45 ns 50 ns 60 ns 

tCAC CAS Access Time 25 ns 25 ns 30 ns 

tRC Cycle Time 165 ns 190 ns 220 ns 

tpc 
Fast Page Mode Cycle 

50 ns 55 ns 70 ns 
Time 

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

Plastic DIP Plastic SOJ Plastic ZIP 

DIll 1 18 Vss 
~ Vss -, 

iI'IDTE 17 DOUT ~T A9 1 • r-

HAS 16 c;,;:s ~ 

~H~ 
CAS 

DOUT 
15 A9 

TF N.C. 
VSS N.C. A9 

DIN 5 I r-AO S 14- AS -:~ ~~- WRITE 
Al 6 15 A7 AO AS RIiS 7:~ [~_ TF 
A2 12 A6 Al A7 

A2 A6 N.C. 

~] ~~ A5 11 AS A5 A5 

VCC 9 10 A4 VCC A4 AO Al 
A2 1~"; ~4 A3 

VCC 151 ~: 
=; ~~ A4 

A5 171 r _. 

PUfNAM:S 
:'-;~12 A6 

A7 l~J ~~ AS 

AO~A9 Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CAS Column Address Strobe 

WRITE Read/Write Inpui: 

VCC Power (+5V) 

VSS Ground 

TF Test Function 

N.C. No Connection 

ZI P. 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 ± 1 CJlIo tolerance, direct 
interfacing capability with high performance logic 
families such as Schottky TTL. "Test Mode" function is 
implemented from Revision C. 

• Low Power 
385mW MAX. Operating (TC511 000P/J/Z-85) 
330mW MAX. Operating (TC511 OOOP/J/Z-l 0) 
275mW MAX. Operating (TC511 000P/J/Z-12) 
5.5mW MAX. Standby 

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

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

• Read-Modify-Write, CAS before RAS refresh, RAS­
only refresh, Hidden refresh, Fast Page Mode and Test 
Mode capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/8 ms 
• Package Plastic DIP: TC511000P 

Plastic SOJ : TC511 OOOJ 
Plastic ZI P : TC511 OOOZ 

BLOCK ··DIAGRAM 

AO 
Al 

A2 

A5 

A4 

A5 

A6 

A7 

AS 

A9 

- A-51 -



ABSOLUTE MAXfMUMRATfNGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 ~7 V 1 

Test Function Input Voltage VIN(TF) -1~10.5 V 1 

Output Voltage 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 °c 1 

Soldering Temperature-Time TSOLDER 260-10 °C-sec 1 

Power Dissipation PD 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECONINIENDEDDC OP.ERATING 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 - 0.8 V 2 

VIH (TF) Test Enable Input High Voltage Vcc+4.5 - 10.5 V 2 

VIL (TF) Test Disable Input Low Voltage -1.0 - VCC +1.0 V 2 

DC Et.ECTRICAlCHARACTERfSTICS (VCC = 5V ± 10%, Ta = 0 ~ 70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC511000P/J/Z-85 - 70 
ICCl Average Power Supply Operating Current TC511000P/J/i-l0 - 00 mA 3,4 

(RAS, CAS, Address Cycling: tRC = tRC MIN.) TC511000P/J/Z-12 - 50 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 2 mA 

(RAS = CAS = VIH) 

RAS ON L Y REFRESH CURRENT TC5l1000P/J/Z-85 - 70 
ICC3 Average Power Supply Current, -RAS Only Mode TC51l000P/J/Z-l0 - 60 mA 3 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) TC5ll000P/J/Z-12 - 50 

FAST PAGE MODE CURRENT TC5l1 OOOP / J/Z-85 - 50 
ICC4 Average Power Supply Current, Fast Page Mode TC5ll000P/J/Z-l0 - 40 mA 3,4 

(RAS = VIL, CAS, Address Cycling: tpc '= tpc MIN.) TC511000P/J/Z-12 - 30 

STANDBY CURRENT 
ICC5 Power Supply Standby Current - 1 mA 

(RAS = CAS = Vcc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC511000P/J/Z-85 - 70 
ICC6 Average Power Supply Current, CAS Before TC511000P/J/Z-l0 - 60 mA 3 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) TC5ll000P/J/Z-12 - 50 

INPUT LEAKAGE CURRENT (any input except TF) 
II (L) Input Leakage Current, any input (OV ~ VIN ~ 6.5V, All Other -10 10 /lA 

Pins Not Under Test = OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 /lA 
(OV ~VIN (TF) ~VCC + 0.5V, All Other Pins Not Under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 /lA 
(DOUT is disabled, OV ~ VOUT ~ 5.5V) 

ITF 
TEST FUNCTION INPUT CURRENT 

1 mA 
(Vce +4.5V~VIN(TF) ~10.5V) 

-

VOH 
OUTPUT LEVEL 

2.4 - V 
Output "H" Level Voltage (lOUT =-5 mAl 

VOL 
OUTPUT LEVE L 

0.4 V 
Output "L" Level Voltage (loUT = 4.2 mAl -
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TC511000P/J/Z-85, TC511000P/JIZ-l0 
TC511000P/J/Z-12 

ELECTRICAL CHARACTERISTICS AAD . RECOMMENDED AC··OPERATfN.GCONDITJONS 
(V cc = 5V ± 10%, Ta = 0'" 70°C) (Notes 5,6,7) 

TC511000P/ TC511000P TC511000P/ 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNITS NOTES 

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

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

t RwC Read-Write Cycle Time 190 - 220 - 255 - ns 

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

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

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

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

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

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

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RASP RAS Pulse Width (Fast Page Mode) 85 100,000 100 100,000 120 100,000 ns 

t RSH RAS Hold Time 25 - 25 - 30 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

t RCO RAS to CAS Delay Time 25 60 25 75 25 90 ns 13 

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

t CRP CAS to RAS Precharge Time 10 - 10 - 10 - ns 

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

t ASR Row Address Set-Up Time 0 - a - 0 - ns 

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

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

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

Column Address Hold Time referenced 
65 75 90 tAR to RAS 

- - - ns 

tRAl Column Address to RAS Lead Time 45 - 50 - 60 - ns 

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

tRCH Read Command Hold Time a - a - 0 - ns 10 

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

- - - ns 

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

Write Command Hold Time referenced 
65 75 90 tWCR to RAS 

- - - ns 

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

tRWl Write Command to RAS Lead Time 20 - 25 - 30 - ns 

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

tos Data Set-Up Time 0 - 0 - 0 - ns 11 

tOH Data Hold Time 20 - 20 - 25 - ns 11 

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

tREF Refresh Period - 8 - 8 - 8 ms 
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TC511000P/ TC511000P/ TC511000P/ 
SYMBOL PARAMETER J/Z-85 J/Z-10 J/Z-12 UNIT NOTES 

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

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tcwD CAS to WR ITE Delay Time 25 - 25 - 30 - ns 12 

tRwD RAS to WRITE Delay Time 85 - 100 - 120 - ns 12 

tAwD Column Address to WR ITE Delay Time 45 - 50 - 60 - ns 12 

tCSR 
CAS Set-Up Time (CAS before RAS 

10 - 10 - 10 
Cycle) 

- ns 

tCHR 
CAS Hold Time (CAS before RAS 

30 30 30 
Cycle) 

- - - ns 

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

tCPT 
CAS Precharge Time (CAS before RAS 

50 - 50 - 60 - ns 
Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

tTES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 -referenced to RAS 
ns 

Test Mode Enable Hold Time 
0 0 0 tTEHR referenced to RAS 

- - - ns 

Test Mode Enable Hold Time 
0 0 0 tTEHC referenced to CAS 

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

eAPACR~CE (Vec = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 
~ 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (-7'-0'" A9, DIN) - 5 pF 

Cl2 Input Capacitance (RAS, CAS, WR ITE, TF) - 7 pF 

Co Output Capacitance (DoUT ) - 7 pF 

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 200J..ls is required after power-up followed by 8 RAS cycles before proper device opera­

tion 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. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V IH and VI L . 
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 t RCH or tRRH must be satisfied for a read cycle. 
11. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE leading edge in 

read-write cycles. 
12. twcs, tRWO, !cwo and tAwO are not restrictive operating parameters. They are included the data sheet as 

electrical characteristics only. If twcs ~ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If tRWO~ tRwo(min.), tcwo ~ tcwo(min.) and 
tAWO~ tAwo(min.), the cycle is a read-write cycle and data out will contain data read from the selected cell: 
If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter­
minate. 

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

14. Operation within the tRAO(max.) limit insures that tRAC(max.) can be met. tRAO(max.) is specified as a 
reference point only: If t RAO is greater than the specified tRAO(max.) limit, then access time is controlled by 
tAA· 
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• READ CYCLE 

AO-A9 

WRHE VIH 

VIL 

DOUT VOH 

vOL 

tRP 

~ 
tRAS 

1I L 
tCSH 

tCRP tRCD 
tRSH 

tCRP 
I I 

~ f\ \~ 
tCAS V I 

tAR 

tR.AJ) tRAL 

tASR tRAB ~ tC.AH 

~ ROW ~ COLUMN W////;///// ;@//;// $#//// /;/~ ~ ~ 

-r1:R~1 I I 'RCH ~ 
WP/II///lU/!luU$ 

'P.RH ; 

tCAC 

tAA 
r 
~ 

tRAC ~ 
OPEN ,~ VALID DATA 1\ 

V 

~: "H"or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" is not used. 
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• WRITE CYCLE (EARLY WRITE) 

VIH -
RAS 

VIL -

tRCD 

VIH -
CAS 

VIL -

VIH 
1'.0-1-.9 

VIL -

V I H - --r-l'-r-T-:-r-:-r~".....,.....,.....,-r-r~ 

W?ITE 

VOH -

tCSH 

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

tRC 

tRP 

tRAS 

tRSH 

tRAL 

tCAH 

tRWL 

VALID DATA 

DOUT ------------------------------- OPEN 
VOL -

~: IHlor"L" 

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

VIE 
AO-A9 

OPEN 

tCSH 

COLUMN 

tAWD 

tCLZ 

tCWL 

VALID DATA 

VALID DJ..TA 

NOTE: "TF" pin should be connected to VrL (TF) level or open, if "Test Mode" is not used. 
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• FAST PAGE MODE READ CYCLE 

vrH -
R:AS 

VrL -

VrH -
CAS 

V IL -

VrH -
W2ITE 

VOH -
DOUT 

VOL -

tCSH 

tRCD tCAS 

"tC&ll008P/J/I"85, TC511080P/JIZ:.l0 
TCll t800'P/J1Z-12 

tRASP 

tpc tRSH 

tcp tcp 

~: "HllorllLIl 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A9 

VIH 
w:;.ITE 

VIL 

VIH 
DIN 

VIL 

DJUT OPEN 

~: "H" or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" is not used. 
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• FAST PAGE MODE READ-WRITE CYCLE 

TC511800P/J1Z-85, TC511008P/J/Z-l0 
TC511000P/J/Z-12 

~: "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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• RAS ONLY REFRESH CYCLE 

VIH -­
RAS 

VIH ----~~~+_----------------------------------------~----_r-----­
CAS 

AO-A8 

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

~ : "H" or "L" 

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

"TF" pin should be connected to VIL (TF) level 'or open, if "Test Mode" is not used. 
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• CAS BEFORE RAS REFRESH CYCLE 

VIL - __ ....J 

VOH -
DOUT 

VOL - -------4 

TC511000P/J/Z-85, TC511:000P / J/Z-l0 
TC511000P/J/Z-12 

tCHR 

OPEN 

~: "H"or"L" 

NOTE: WR ITE = "H" or liLli, AO -- A9 = "H" or "L" 

"TF" pin should be connected to VI L (TF) level or open, if liT est Mode" is not used. 
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• HIDDEN REFRESH CYCLE (READ) 

tCHR 

AO-A9 

~ I 

WI///I/I// /////1////// !II / ///2 
I 

I tOFF 

DOUT VALID DATA 

tCLZ 

~: "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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• HIDDEN REFRESH CYCLE (WRITE) 

TC51100GP/J/Z-85, TC511 OOOP I J/Z-l 0 
TC51100GP/J/Z-12 

tCHR 

OPEN 

~: "H"or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" is not used. 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 vIH­

vIL ---L.../.'--'--l.~...!.....t-~~-"-'--"-'--~ 1'=--------.;J["" "'--'-'-....l.J.-J.~.t,.....:.....t,...L-(.....I-L....i.~~ 

READ CYCLE 

II 
WRI '!' E \' I H _-r-r--r-J---r--:~--r-r-r-;--r-r--'-'--'-'-1r-+-----L~-------i-I;----r-----"!::rn-r7 

V I L - ..L....I.....L..!-.L....L.L...L.....t........L-t.'-L..I.'-L../.~..J 
tReE 

HRITE CYCLE 

LOUT VOH - ----------;--'i-+--- OPEU _~---.:... ___ _ 

VOL -

I 

WRITE ::: =WI!/$$&UJJl i I I WI/j//@/mlZ 
, I tDS I I tDE I I I 

DIN ::: _ 7/ffll!l/~ $;;gM "'.LID DATA Xz;/////;0'j!I!I7A 
I I tCAC· I 

READ-IJRITE CYCLE I II'eL 7 'OFF 

r DOUT :~: =- OPEN I \---

WRITE VIH-

tCWD 

::: = ~&$&wMffi//~titJ<Wv[l/;Iij& 
~: "H" or ilL" tDS tDH 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" is not used. 
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TC511000P / J/Z-85, TC511 OOOP / J/Z-l 0 
TC511000P/J/Z-12 

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

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

words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 

same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 

An,Am 

An,Am 

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

Truth Table in Test mode Function 

A B C D DOUT 
a I a I a I a a 
I i I I I J I 1 

othen"ise Hi-Z 

Fig. 1 
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T0511' ooa~p/:J/z.8S., ft,5l,JOO1J'/J/:Z~10' 
'T0511.000P/J/Z .. 12 

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

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

TF 

VIH -
RAS 

vIL -

vIH -
CAS 

VIL -

VIH(TF) 

VIL(TF) 

f\ ~------------~j 

\ ~------------~-----J;r _~TEHC(Ons) 
1--
1 -+--,---­

tTEHR( 0 ns) ~ (Ons) 

\~-
Fig. 2 Test Mode Cycle 

• Plastic 01 P 

18 17 16 15 14 13 12 11 10 Unit: in mm 

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

7.62±O.25 

O.5± 0.15 

Note: Each lead pitch is 2.54mm. 
All leads are located within O.25mm of their true longitudinal position with respect to 
No. 1 and No. 18 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 

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

17.02 - 17.27 

1

26 25 24 23 22 18 17 16 15 141 
,P 0 0 0 0 0 0 0 0 0 

INDEX DOT 

0.66-0.76 

Unit in mm 

"<It 
10 
ai 
I 

co 
<') 

ai 

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

26.3MAX 

I~r---------i 

INDEX DOT 

I i 

II o.5±o.l 1.27 TYP. 

2 4 6 8 12 14 16 18 20 

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

~ 
!D 
rl 
d 
rl 

CIl 
d 
+l 
10 

<Xl 

3.OMAX Unit in nun 

1.27TYP 

2.54TYP 

Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are impl ied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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18SHIBJrM8SMEMO .. 'RYPR8DOCTS 
0' "~~ , , 

1 ,048,576 WORDsx1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

TC511000Pl/Jl/ZL-85, TC511000Pl/Jl/ZL-10 
TC511000Pl/Jl/ZL-12 

OESCRIPTION 
The TC511000PUJUZL is the new generation dyna­

mic RAM organized 1,048,576 words by 1 bit. The 
TC511000PUJUZL utilizes TOSHIBA's CMOS Silicon 
gate process technology as well as advanced circuit tech­
niques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit 
the TC511000PL/JUZL to be packaged in a standard 18 
pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin 

FEATURES 

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

TC511000PL!JL!ZL-
85/-10/-12 

tRAC RAS Access Time 85ns 100ns 120ns 

tAA 
Column Address Access 

45ns 50ns 60ns Time 

tCAC CAS Access Time 25ns 25ns 30ns 

tRC Cycle Time 165ns 190ns 220ns 

tpc Fast Page Mode Cycle Time 50ns 55ns 70ns 

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

Plastic DIP Plastic SO] 

p.I) 

AO~A9 

RAS 

DIN 

DOUT 

CAS 

WRITE 

VCC 

Vss 

TF 

N.C. 

VSS 

Ibm 
CAS 
A9 

fIB 

1'(7 

A6 

.AS 

A4 

Address Inputs 

Vss 
IUrr 
TJlJj 

N.C. 
A9 

fIB 
A7 
A6 

AS 

A4 

Row Address Strobe 

Data In 

Data Out 

Column Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

Test Function 

No Connection 

Plastic ZIP 
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plastic ZI P. The package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 

10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. "Test 
Mode" function is implemented from Revision C. 

• Low Power 
385mW MAX. Operating (TC511 OOOPUJ UZL-85) 
330mW MAX. Operating (TC511000PUJUZL-lO) 
275mW MAX. Operating (TC511000PL!JL!ZL-12) 
1.7mW MAX. Standby 

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

• Common I/O capability using "EAR L Y WR ITE" 
operation 

• Read-Modify-Write, CAS before RAS refresh, RAS­
on Iy refresh, Hidden refresh, Fast Page Mode and Test 
Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/64ms 
• Package Plastic DIP: TC511 OOOP L 

Plastic SOJ : TC511000JL 
Plastic ZIP: TC511000ZL 

PD 

Al 

A2 

112 

M 

AS 

lIf5 

A7 

fIB 

A9 

--0 vee 
--0 vss 

SUBSTRATE BIAS 

GENERATOR 



""tC6l1t.f:(lJtll(·86~;: T'~~6,tl'QOU;PIJ~:ltlL~1 U 
,::TC51l800,PUJ:l/zt"12::' ','t,' "" '?,"" , 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

I nput Voltage VIN -1-7 V 1 

Test Function Input Voltage VIN(TF) -1-10.5 V 1 

Output Voltage 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 °c 1 

Soldering Temperature-Time TSOLDER 260-10 °C-sec 1 

Power Dissipation PD 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 
V1H Input High Voltage 2.4 - 6.5 V 2 
V 1L Input Low Voltage -1.0 - 0.8 V 2 

V1H(TF) Test Enable Input High Voltage V cc +4.5 - 10.5 V 2 

V1L(TF) Test Disable Input Low Voltage -1.0 - Vcc +1.0 V 2 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 
OPERATING CURRENT TC511000PL!JL!ZL-B5 - 70 

ICC1 Average Power Supply Operating Current TC511000PL!JL!ZL-10 - 60 rnA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC MIN.) TC511000PL!JL!ZL-12 - 50 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 
(RAS = CAS = VIH) 

RAS ON LY REFRESH CURRENT TC511000PL!JL!ZL-B5 - 70 
ICC3 . Average Power Supply Current, RAS Only Mode TC511000PL!JL!ZL·10 - 60 rnA 3 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) TC511000PL!JL!ZL-12 - 50 
FAST PAGE MODE CURRENT TC511000PL!JL!ZL-B5 - 50 

ICC4 Average Power Supply Current, Fast Page Mode TC511000PL!JL!ZL-10 - 40 rnA 3,4 
(RAS = VIL, CAS, Address Cycling: tPc=tpc M!N.) TC511000PL!JL!ZL-12 - 30 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 300 ",A 
(RAS = CAS = Vcc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC511000PL!JL!ZL-85 - 70 
ICC6 Average Power Supply Current, CAS Before TC511000PL!JL!ZL-10 - 60 rnA 3 

RAS Mode (RAS, CAS Cycling: tRC = tRC MIN.) TC511000PL!JL!ZL-12 - 50 
BATTERY BACK UP CURRENT 
Average Power Supply Current, BATTERY BACK UP MODE 

ICC7 CAS = CAS Before RAS Cycling or 0.2V, WRITE = Vcc-0.2V or 0.2V, - 300 ",A 3,5 
AO - 9 = Vcc-0.2Vor 0.2V, DIN = Vcc-0.2V, 0.2V or OPEN: 
tRC = 125",s, tRAS = tRAS MIN. - 1 "'s) 

INPUT LEAKAGE CURRENT (any input except TF) 
II(L) Input Leakage Current, any input (OV~ VIN ~ 6.5V, All Other Pins -10 10 ",A 

Not Under Test = OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 ",A (OV ~ VIN (TF) ~ VCC + 0.5V, All Other Pins Not Under Test = OV) 

IO(U OUTPUT LEAKAGE CURRENT 
-10 10 /-lA (Dout is disabled, OV s:: VOUT s:: 5.5V) 

ITF TEST FUNCTION INPUT CURRENT 
1 rnA (VCC + 4.5V ~ VIN (TF) ~ 10.5V) -

VOH OUTPUT LEVE L 
Output "H" Level Voltage (lOUT =-5rnA) 2.4 - V 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (lOUT = 4.2rnA) - 0.4 V 
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TC511000PUJL/ZL-85, TC511000PUJUZL-l0 
TC511000PUJUZL-12 

ELECTRICAL CHARACTefUSTICS·ANDRECOMMENDED.AC OPERATING CONDITIONS 
(VCC = 5V ± 10%, Ta = 0'" 70

c
C) (Notes 6,7,8) 

TC511000PL/ TC511000PL/ TC511000PL/ 
SYMBOL PARAMETER JL/ZL-85 JL/ZL-lO JL/ZL-12 

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

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

tRwc Read-Write Cycle Time 190 - 220 - 255 -

tpc Fast Page Mode Cycle Time 50 - 55 - 70 -
t pRWC Fast Page Mode Read-Write Cycle Time 75 - 85 - 105 -

t RAC Access Time from RAS - 85 - 100 - 120 

t CAC Access Time from CAS - 25 - 25 - 30 

tAA Access Time from Column Address - 45 - 50 - 60 

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

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 

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

tRP RAS Precharge Time 70 - 80 - 90 -

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 

tRASP RAS Pulse Width (Fast Page Mode) 85 100,000 100 100,000 120 100,000 

tRSH RAS Hold Time 25 - 25 - 30 -

tCSH CAS Hold Time 85 - 100 - 120 -

tCAS CAS Pu Ise Width 25 10,000 25 10,000 30 10,000 

tRCO RAS to CAS Delay Time 25 60 25 75 25 90 

tRAO RAS to Column Address Delay Time 20 40 20 50 20 60 

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

tcp CAS Precharge Time (Fast Page Mode} 10 - 10 - 15 -

tASR Row Address Set-Up Time a - a - a -

tRAH Row Address Hold Time 15 - 15 - 15 -

tASC Column Address Set-Up Time a - a - a -

tCAH Column Address Hold Time 20 - 20 - 25 -
Column Address Hold Time referenced 

65 75 90 tAR to RAS 
- - -

tRAl Column Address to RAS Lead Time 45 - 50 - 60 -

t RCS Read Command Set-Up Time a - 0 - a -

tRCH Read Command Hold Time 0 - 0 - a -
Read Command Hold Time referenced a a a tRRH to RAS 

- - -

tWCH Write Command Hold Time 20 - 20 - 25 -

Write Command Hold Time referenced 
65 75 90 tWCR to RAS 

- - -

twp Write Command Pulse Width 20 - 20 - 25 -

tRwl Write Command to RAS Lead Time 20 - 25 - 30 -

tCWl Write Command to CAS Lead Time 20 - 25 - 30 -

tos Data Set-Up Time a - 0 - 0 -
tOH Data Hold Time 20 - 20 - 25 -

tOHR Data Hold Time referenced to RAS 65 - 75 - 90 -
tREF Refresh Period - 64 - 64 - 64 
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~~\'1I5:Jl8Q8Pt1JllZli;85,. 'fCSOOflOPtlJun40 
'~~r: cc'tC511000PU JL/ZL-12 

E:lECTRtCAl CHAJtAC1ERfST1CS ANDRECOMMENDEOACOPERATING CONO:ITtONS (Continued) 

TC511000PL/ TC511000PLI TC511000PL/ 
SYMBOL PARAMETER J LIZ L-85 J LlZL-lO JL/ZL-12 UNITS NOTES 

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

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 13 

tCWD CAS to WR ITE Delay Time 25 - 25 - 30 - ns 13 

t RwD RAS to WRITE Delay Time 85 - 100 - 120 - ns 13 

t AWD Column Address to WR ITE Delay Time 45 - 50 - 60 - ns 13 

tCSR 
CAS Set-Up Time (CAS before RAS 

10 10 10 
Cycle) 

- - - ns 

tCHR 
CAS Hold Time (CAS before RAS 

30 30 30 
Cycle) 

- - - ns 

t RPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before RAS 

50 - 50 - 60 -
Counter Test Cycle) 

ns 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

tTEs 
Test Mode Enable Set-Up Time 

0 0 0 
referenced to RAS 

- - - ns 

Test Mode Enable Hold Time 
0 0 0 tTEHR referenced to RAS 

- - - ns 

Test Mode Enable Hold Time 
0 0 0 tTEHC referenced to CAS 

- - - ns 
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TC511000PUJUZL-85, TC511000PUJUZL-l0 
TC511000PUJL/ZL-12 

CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = 0""-' 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (Ao ""-' A 9 , DIN) - 5 pF 

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

Co Output Capacitance (DOUT ) - 7 pF 

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

device. 
2. All Voltages are referenced to V ss. 
3. \eCl, Icc3, Icc4, Icc6' IcC7 depend on cycle rate. 
4. ICC1' Icc4 depend on output loading. Specified values are obtained with the output open. 
5. tRAS(max.) = It.(s is only applied to refresh of battery-back up. tRAS(max.) = lOps is applied to functional 

operating. 
6. An initial pause of 200t.(s is required after power-up followed by 8 RAS cycles before proper device opera­

tion 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. 

7. AC measurements assume tT= 5ns. 
8. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V IH and V IL . 
9. Measured with a load equivalent to 2 TTL loads and 100pF. 

10. tOFF (max.) defines the time at which the output achieves the open circuit condition and is 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 in early write cycles and to WR ITE leading edge in 

read-write cycles. 
13. twcs, tRwO, tcwo and tAWO are not restrictive operating parameters. They are included the data sheet as 

electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If tRWO~ tRwo(min.), tcwo ~ tcwo(min.) and 
tAWO ~ tAwo(min.), the cycle is a read-write cycle and data out will contain data read from the selected cell: 
If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter­

minate. 
14. Operation within the tRCO(max.) limit insures that tRAC(max.) can be met. tRCO(max.) is specified as a 

reference point only: If tRco is greater than the specified tRCO (max.) limit, then access time is controlled by 

tCAC· 
15. Operation within the tRAO(max.) limit insures that tRAC (max.) can be met. tRAO(max.) is specified as a 

reference point only: If tRAO is greater than the specified tRAO(max.) limit, then access time is controlled by 

t AA· 
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• READ CYCLE 

VIH _---....,L 

VIL -

VIH -
AO-A9 

tCAC • , 

tCLZ 

OPEN VALID DATA 

~: "H"or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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• WRITE CYCLE (EARLY WRITE) 

TC511000PUJUZL-85, TC511000PUJL/ZL-l0 
YC511 OOOPU JL/ZL-12 

tCSH 

VIH----~~~-------~b-~ 
t-------=..:..:""------;~ 

VIH --
AO-A9 

WRITE VIH--

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

VOH--
DOUT ------------------ OPEN 

~: "H" or "L" 

NOTE: "TF" pin should be connected to V'L (TF) level or open, if "Test Mode" 
is not used. 
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• READ-WRITE CYCLE 

VIH 
RAB 

VIL 

C"im 
VIH 

VIL 

VIH 
AO-A9 

VIL 

___ VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

tRWC 

t S 

tRSH 

tRCD tRWL 

teAs 

tCSH 

tAR tcWL 

tRAD tRAL 

tCAR 

COLUMN 

tAWD 

tRWD 

tcWD 

tRCS 
I 

tDS tDH 

VALID DATA 

tCAC 

tAA tOFF 

OPEN 

tCLZ I 
VALID DATA 

12Z]: "H" or "L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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,~ , . , 
, , , . , , " ,~ ; , 

'TC5fl,080PLlJl/~t"~8, ,TC511800Pl/dl/ZL-l 0·',; 
TC51',1·000Pl/dL/%L-l'! 

• FAST PAGE MODE READ CYCLE 

VIH - tRASP 
RAS 

VIL -

tCSH tpc tRSH 

VIH 
CAS 

VIL 

AO-A9 

WRITE VIH -

V I L - ....t.....I......I.....I...-'-'--'--'-.i..J-1..-I-J 

DOUT 

tCLZ 

E2ZI: "H" or ilL" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 

- A-79 -



• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

DOUT OPEN 

~ "H"or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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TC511000PUJUZL-85, TC511000PL/JUZL-l0 
TC511000PUJUZL-12 

• FAST PAGE MODE READ-WRITE CYCLE 

AO-A9 

VOH 
DOUT 

m: "H" or "L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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'-~, \ ' 

~ ~ < '~ , ;c, ;,", ' 

.' ·jcsl'UlOfJ''''~l!zt-.i;.':tbOpu .. w~j8· 
, TC5l1000Pl/J

e
L1ZL-12.o· 

• RAS ONLY REFRESH CYCLE 

VIH-

VIH---~-+~--------------------------------~--~~--­

CAS 

AD-AS VIH -

VIL -

VOH -
DOUT ------------------ OPEN 

VOL -

~: "Hit or "L" 

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

"TF" pin should be connected to V IL (TF) level or open, if "Test Mode" 
is not used. 
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• CAS BEFORE RAS REFRESH CYCLE 

VIL - __ ....J 

VOH -
DOUT 

VOL -------"'1 

TC511000PL/JL/ZL-85, TC511000PUJL/ZL-l0 
TC511000PL/JL/ZL-12 

tRP 

tCHR 

OPEN 

E221: "H" or "L" 

NOTE: WR ITE = "H" or "L", AO ~ A9 = "H" or "L" 

"TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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, "0''' ~~ , o",~~;',<\('.m,'" ", , ?<\:"o~, ",," 
~ ;'\""~;' 

" •• ", " .... ,,, ".,,~ 'll" ... ~MI"'~"''''("lj''h'('',J ,'" "j~ , ....... 1" .. ~. "",,,.,,,. 

':'0'(W~o'~~·4 o:"~'o',:~ 0° 

O·····~Csil~JlJl~.5;.~j:f~JUii~tf 
..... "~" TC6l10aOPVJVZl-J2<' . . , .. 1";~'" 

• HIDDEN REFRESH CYCLE (READ) 

VIH - tRAS 

tRCD tRSH tCHR 

VIH -
CAS 

VIL -
tRAD tRAL 

tAR 

teAl! 

VIH -
AO-A9 

VIL -

VIH -
WRITE 

VIL 

tRAC 

VOH -
DOUT 

VOL -
tCLZ 

~: "H"or"l" 

NOTE: "TF" pin should be connected to V,L (TF) level or open, if "Test Mode" 
is not used. 
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TC511000"'I.I.tL/ZL-85~ TC5ll OOO'L/ .tUZL-l 0 
TC5l1000'UJL/Zl-12 

• HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

WRITE 

DIN 

DOUT 

VIH 

VIL 

VIH 

VIL 

tDHR 

VOH 
OPEN 

VOL 

~: "H" or "L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

[ 

DOUT 

WRITE 

HRITE CYCLE 

OPEN 

tRWL 

tcWL 

twcs i twcH 

READ-\.JR ITE CYCLE 

DOUT 

VIH 
WRITE 

VIL 

DIN 
VIH 

VIL 

OPEN 

tAWD 

tcWD 

-W/;W1#/;001$I0J;0!~D ~ff#!;00;/LZ 
tDS tDH 

~: "H"or"L" 

NOTE: "TF" pin should be connected to V 1L (TF) level or open, if "Test Mode" 
is not used. 
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TC5l1tJ8fJ~II~l.IzL·:85, TC51,'18C1u.i/dL1ZL -18\ 
TC6:rlfJQOPUdt!ZL-12, ' , , 

DESCRIPTION OF THE TEST MODE FOR 1 M DRAMS 

The TC511000jlj2 is a CMOS DRAM organized as 1,048,576 words by I-bit It is internally organized as 262,144 
words by 4-bits. 

The ''Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 

An,Am 

r----o~RMAl 

~~ Nch 

An, Am 

An,Am 

Nch 

TF Pin = Super voltage; Test Mode 
TF Pin = V 1L (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 
ot~erwise Hi-Z 

Fig. 1 
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~~":~~,;~~,,,::~:~~,;?~·t~·::'~:~,;;:;~:;';:~;::~~~:~?;:~'::!' .. '~~., ... !':: ! ~',':7;T~' 
, " 0 : ','0 ~ ::,\i :~','~< 

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

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

TF 
VIH(TF) 

vIL(TF) 

r-

~------------~j 

'----------+-----'A t TEHC (0 os) 
I I 

tTEHR( a os) J 
I 

~ (Ons) 

Fig. 2 Test Mode Cycle 
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TC511000PUJUlL-85, . TC511000PU .lUll-I 0 
TC51l00QPL/ JLIZL -12 

OUTLINE DRAWINGS 

• Plastic DIP 
Unit in mm 

18 17 16 15 14 13 12 11 10 

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

7.6 2±0.2 5 

Note: Each lead pitch is 2.54mm. 

• Plastic SOJ 

All leads are located within O.25mm of their true longitudinal position with respect to 
No.1 and No. 18 leads. 
All dimensions are in millimeters. 

1702 17.27 

1 ~6 25 24 2.3 22 18 17 16 15 1.1 
;..t_p....L...LD....L...LD....L...LD....L...LD....L.-_-+-_.J..O....L..I..D....I-I..D....I-I..D....I-I..O ........... 

INDEX DOT 

1234" 910111213 

Unit in mm 

9.5 - 9.9 Note: Each lead pitch is 1.27mm. 
All dimensions are in millimeters. 
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• Plastic ZIP 

1~~ ___________ 2_~_3_MAX __________________ ~·1 

INDEX DOT 

I , 

II o.5±o.l I 127TYP. 

1 3 5 7 9 11 13 15 17 19 

~ 
2 4 6 8 12 14 16 18 m 

~ 
<0 
rl 
d 
rl 

N 
d 
+l 
10 
al 

Unit in mm 

1.27TYP 

2.54TYP 

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 

TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

The TC5ll000AP/AJ/AZ is the new generation dynamic Rfu~ 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 TCSIlOOOAP/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 SV±IO% 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 

TC511000AP/AJ/AZ-70/S0/10 

tRAC RAS Access Time 70ns SOns lOOns 

tM 
Column Address 35ns 40ns SOns 
Access Time 

tCAC CAS Access Time 20ns 20ns 2Sns 
tRC Cycle Time l30ns lSOns 180ns 

tpc 
Fast Page Mode 40ns 4Sns 5Sns Cycle Time 

" • Slngle power supply of SV±lO% wlth a bUllt­
in VBB generator 

PIN CONNECTION 

Plastic DIP Plastic SOJ Plastic ZIP 
'Iss [}2 CAS 

Dou"I' !1R::'E DJUT ,--
?AS 3 C;Jj L~ '188 

.'J,e, 
,--

WRITE ~.:'? 
Ai1 

~~. C [3 TF 
AO 
.ti =~ AI 
A2 A2 

CJ# A3 'ICC 
A3 

'ICC A4 [irs A4 
A5 r-
A7 i...lJ3 A6 

~~ A8 

PIN NM1ES 
AO 'V A9 Address Inputs 

RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
~ Column Address Strobe 
\-JRITE Read/Hrite Input 
VCC Power (+5V) 
VSS Ground 
TF Test Function 
N.C. No Connection 

• Low Pmver 
440mW MAX. Operating(TCSIlOOOAP/AJ/AZ-70) 
38SmW MAX. Operating (TCSIlOOOAP/AJ/AZ-80) 
330mW MAX. Operating (TCSIlOOOAP/AJ/AZ-lO) 
5. SmW :-fAX. Standby 

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

• Common I/O capability using "EARLY I·JRITE" 
operation 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

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

Plastic SOJ: TC511000AJ 
Plastic ZIP: TCS1IOOOAZ 

BLOCK DIAGRAtll 

AO 
AJ. 

1\2 
A3 

A4 

A5 

A6 

A7 

AS 

A9 ARRAY 

I ~BSTRATE BIAS ~ 'Tee 
JENERATOR 'Iss 
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ABSOLUTE flAXH1Ut'1 RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 I\, 7 V 1 
Test Function Input Voltage VIN(TF-) -11\,10.5 V 1 
Output Voltage VOUT -1 I\, 7 V 1 
Power Supply Voltage VCC -1 I\, 7 V 1 
Operating Temperature" TOPR 01\,70 °c 1 
Storage Temperature TSTG -55 I\, 150 °c 1 
Soldering Temperature' l'iroe TSOLDER 260 • 10 °c • sec 1 
Power Dissipation Po 600 rnW 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECor'1MENDED DC OPERATING CONDITIONS (Ta=O I\, 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 - 0.8 V 2 
VIH(TF) Test Enable Input High Voltage VCC+4.5 - 10.5 V 2 
VIL(TF) Test Disable Input Low Voltage -1.0 - VCC+1. 0 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=O I\, 70°C) 
SYMBOL PARAMETER MIN. H&'{. UNITS NOTES 

OPERATING CURRENT TC511000AP/ AJ/AZ-70 - 80 
ICCI Average Power Supply Operating Current TC511000AB/AJ~AZ-BO - 70 rnA 3,4 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC511000AB/AJ~~-lO - 60 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TC511000AIYAJ~AZ-70 - 80 

ICC3 Average Power Supply Current, RAS Only Mode TC511000AB/AJ/'AZ-BO - 70 rnA 3 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) '!C511oooAB/AJ/'AZ-1O - 60 
FAST PAGE MODE CURRENT '!C51100oAIYAJ/AZ-7Q - 60 

ICC4 Average POFer Supply Current, Fas Page Mode '!C511000AP~~~AZ-BO - 50 rnA 3,4 
(RAS=VIL, CAS, Address Cycleing: tpC=tpc MIN.) '!C511COOAlYAJ~AZ-lO - 40 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 rnA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TC511000AIYAJ~AZ-70 - 80 

ICC6 Average Power Supply Current, CAS Before TC511000AB/AJ/'AZ-80 - 70 rnA 3 
RAS Mode (RAS, CAS Cycleing: tRC=tRC MIN.) '!C51100oAB/AJ~AZ-1O - 60 
INPUT LEAKAGE CURRENT (any input except TF) 

1I(L) Input Leakage Current, any input (OV ~ V IN ~ 6. 5V , All Other -10 10 ]JA 
Pins Not Under Test=OV) 

IITF(L) INPUT LEAKAGE CURRENT (only TF) -10 10 ]JA (OV ~ VIN(TF) ~ VCC+0.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 ]JA (DOUT is disabled, OV ~ VOUT ~ 5.5V) 

ITF TEST FUNCTION INPUT CURRENT 
(VCC+4. SV ~ VIN(TF) ~ 10. SV) - 1 rnA 

VOH OUTPUT LEVEL 
2.4 V Output "H" Level Voltage (IOUT=-SrnA) -

VOL OUTPUT LEVEL 
Output ilL" Level Voltage (IOUT=4.2mA) - 0.4 V 
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TCS11000AP/AJ/AZ-70, TCSll000AP/AJ/AZ-80 
TCSll000AP/AJ/AZ-l0 

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

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

TC51l000APj TC5ll000APj TC511000APj 
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJjAZ-I0 UNIT NOTES 

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

tRC Random Read or t.Jri te Cycle Time 130 - 150 - 180 - ns 
t RWC Read-Write Cycle Time 155 - 175 - 210 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

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

Time 
tRAC Access Time 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 Time from CAS Precharge - 35. - 40 - 50 I ns 8 

tCLZ CAS to Output in Low-Z ° - 0 - ° - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 19 

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

tRP RAS Precharge Time 50 - 60 - 70 - ns 
1 

tRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns i 
tRASP RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 100 100,000 ns I 
t RSH RAS Hold Time 20 - 20 - 25 - I ns 1 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse tVidth 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 
I 

20 60 25 75 
1 

ns /13 

tRAD RAS to Column Address Delay 

I 
114 

Time 15 35 15 40 20 50 ns 

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

tcp CAS Precharge Time 
10 - 10 - 10 - ns (Fast Page Mode) 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time ° - ° - 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 - a - 0 - ns 
tRCE Read Command Hold Time 0 - ° - a - ns 10 
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T:G6110,OOAPlAJ/AZ~70, ··'C5:11000AP/AJ1A;Z-80 
TG511000APIAJ/AZ;.lO 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC51l000AP/ TC5ll000AP/ TC5ll000AP/ 

SYHBOL PARM1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-lO UNITS 
MIN. MAX. MIN. MA.1. MIN. MAX. 

tRRH 
Read Command nold Time 0 0 0 
ref erenced to 1[;;--;;- - - - ns 

,.,) 

tHCH Write Command Hold Time 15 - 15 - 20 - ns 

tlvCR 
\.Jrite Command Hold Time 

55 60 75 
ref erenced to RAS - - - ns 

ttvP Write 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 -tCWL Time 
ns 

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

tDH Data Hold Time 15 - 15 I - 20 - ns 

tDHR Data Hold Time referenced to 55 - 60 75 
RAS 

- - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

tlvCS Hrite Command Set-Up Time 0 - 0 - I 0 - ns 
I 

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

tRIm RAS to I.JRITE Delay Time 70 - 80 - 100 - ns 

tAHD 
Column Address to I·JRITE Delay 

I Time 35 - 40 - 50 - ns 

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

ns 

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

- ns 

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

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

tCPN CAS Precharge Time 10 - 10 - 15 - ns 

t TES 
Test Mode Enable Set-Up Time 

0 0 0 referenced to RAS - - - ns 

t TElm 
Test Mode Enable Hold Time 
referenced to RAS 0 - 0 - 0 - ns 

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

CAPAC ITANCE (V Cc=5V +10%, f=IMHz, Ta=O '\, 70°C) -
SYMBOL PARAMETER MIN. MAX. UNIT 
Cn Input Capacitance (AO '\, A9, DIN) - 5 
CI2 Input Capacitance (RAS, CS, \.JRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 
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NOTES: 

TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

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

8. ~easured 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 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 \.JRITE leading edge in read-write cycles. 

12. twes, tRIID' tCtID and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tHCS ~ twcs 
(min.), the cycle is an early \.;irte cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRIm;;; tRIID(min.), 
tCWD ~ tCIID(min.) and tAIID ~ tAIID(min.), the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the 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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THlING WAVEFORMS 

READ CYCLE 

AO-A9 

DOUT 

tRP l 
I 

N, 
tRAS V I 

.., 

~ 'CCSH 

tRCD 
tRSH 

tCRP I 

I I 

J ~\ 
'CCAS -y ~ I 

I t.;R I I 

I 
I 1 ! 

~ 
'CRAD I 

'CRAL i 

I k"sc I I 
I 

tRAH tSAR 
I I I I I 

~_CO_LUMN ~W;l$/#&lf~:~///!/ 

I I 

ItCLZ

I I I 

I : ItOFF
: 

----------~---'-JA-LI-D-D-A-TA--~~~------OPEN 

~: "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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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ1AZ-l0 

TtJRITE CYCLE (EARLY I'JRITE) 

VIH 

'[IS 

'lr L 

DOUT 

=\ ;.. tRAs I 
i~-'--------------~ 
! I tRcD t~BH I 

tRP 

L 
! 

1 i I 
I twcs i tWCH I' 

....,....,..~..,..,...,-r-r.,..,....,...,..,...,....,....,..~ 1 I,i I 
~~ __ ~tw=,p~ ______ ~ 

VALID DATA 

OPSN 

~ : "H" or "L" 

NOTE: "TFt! pin should be connected to VIL (TF) level or open, if 
"Test Mode" is not used. 
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TC511000APIAdIAl-10, TC51.1000AP I AdlAZ.,88 
TC511 OOOAPI Adl AZ-l 0 

READ-WRITE CYCLE 

-,vRITE 

DI ~I 

DOUT 

tRWC 

I I 

tCRI1 tROD I tRWL I tCRP 
I 

I I I I 

I 

t-

\t-
"CAS V If-1\ 

tCSH 

~ __ tRA_S _I 
, I 'RSH I 

L 
J 

I tAR I ..1 tCWL 
I 

I 
I 

I t'i.AD I r tEAL 

[tRARI tASC I I I 
I 

I 
"ASRI tCAH 

r----' I I ; ; /'! ) 

~: =~~RO~W ~~COL~~~w~ 

VIR 

VIL 

VIS 

"I L 

f--------=~---+-tG7lD---t ! I 

i twp / 'I 
tRCS ~ 

I tDS tDH II 

7'"7"'1'-r-r-1'..,...,....,.;..,....,.-.,...,...,....,.'7'"7""r~~rrrr-rr.~ I I I ........... ..........,...,...,....,...,....,....,...,....,...,,..........,..........-.-

=W$$0!WIM0W:Jltli VALID DATA pmW;0:0iW 
I I 

I 

r 
tCAC 

tOFF I 
I 

tAA 

tRAO 

I 

I
I ~ VALID DATA 1,: 

tcLZ rr=~--~ 
-~~- OPEN 

~ : "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/AJ/AZ-80 
TC511000AP/~J/AZ-l0 

FAST PAGE MODE READ CYCLE 

'CH 

.r} 'ep i 
'F-__ -:_-_-_-_-_-_-_-_-_-_-_-_-_-:_-_-_t~RA~-S_P~~~~~~~~~~~~-=--=-~-=-~-=f I : L 

I'~A~SH 'I~II __ 

~: "R" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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FAST PAGE MODE w~ITE CYCLE (EARLY WRITE) 

tRASP 

tCAS t:~~ I 
~------------~--~ ~ 

I .1 I ItRAL 
I t.<lli t ASC : i tASC! i---+--..... 1------+ 

~ b -;t,:;:!\u::;~Cil;;:i_..t::~t:-;C:;:A::;:H 1 I I ,t CAH I rc AH 

XO-A9 ~:: =wt ROW )@{ COL ~ COLI ~ COL ¥2,.............0j...,...,....,..Wffi.,.....,....,../!....,....,....,W/;~m 
tRAD 1 I 

V1H 
NRIT3 

'ILL 

VIH -/ 
DE~ 

VIL -

VOH -
DOUT 

VOL -

I I tWCH 
I 

tDHR 

OPEN 

l2LZl: "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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TC511000AP/AJ/AZ-l0, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

FAST PAGE MODE READ-WRITE CYCLE 

V I H - ---r-+---o----......... '''"\. 

VIL -

AO-A9 

VIIi 
·NRITE 

VIg: 

VIL 

I 
tCLZ 

~: "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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·.·::·,·:·TC&1·l,OOOA~/~A:J/AZ~10,··TC5rl:000A'/AJ/AZ·8Q 
····;:·.:tC& 11000AP1AJ/AZ-10 " ." .. '" 

CAS BEFORE ]AS REFRESH CYCLE 

V IH -

'IIL -

I tRAS 
I 1----~==---------! 

VIa -

~ 
VOH - t 

----~f~------------ OPEN -------

E22l : "H" or "L" 

NOTE: \.JRITE="H" or ilL", AO'V A9="H" or "L" 

"TF" pin should be connected to V1L(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 

[AS ONLY REFRESH CYCLE 

.-\.O~A8 

:::;QUT 

'TIS _~f ~RAS J~tRP =L N----------- I 

"IL - • I" I I 

iIi 
I I I 

~I I:RP~1 

-------- OP:::;N --------_ 

~ : "H" or "L" 

0!OTE: WRITE="H" or ilL" A9="H" or ilL" 

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

RAS 
VIH 

VIL 

CAS 
VIn 

VIL 

VIH 
AO~A9 

1[IL 

tRO 

tEtP 

tRAS tRAS 

tRoD 

tRSH 
tCHR 

tRAD tRAL 

tAR 

tAsc tCAH 

~ "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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TC511000AP/AJj~t·70,rC511000A'P/A.J1AZ·80 
TC5ll OOOAP I A.J/AZ~lO. 

HIDDEN REFRESH CYCLE (WRITE) 

I tRP 

VIH 
RAS 

VIL -

I 

~ \ 
tRAS 

V \' tRAS 

I 

VIH 
CAS 

'IIL -

tCRPL tRCD tRSH 
[ 

I tCHR I :Ji ~ 
I Y 

i tAR ~ 

, 1 I 
I tRAD I tRAL , 

tASR 6 tASC II :CAH [ 

tWCR 

VIH-~~~~ 

YRITE A~~~-

VIL -'...I..U..J.~~~~-+-_~~~..J....i...I.....J....I...J...~~~.I-.I....i...I...:....J-

I I tDS I. tDH I .1 
Del :::: = 0rr-r-r"!I/;"""""""'W t-7-r-r-l;j;~~ D~ALID ~ TA .f,....,.-r-rm-r-r-rm-r-f""'T'"j !0~m~w-r-rr~/;.,-,-,-,m-,--,--rw~jJj;"'7""'!"7m 

VOH -
DOUT -------- OPEN 

~: "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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· re5110tJOA'PIA~IAZ·78;;:'tO_f t~OOAP1AJ1Al;80 
TC511 OOOAP 1 AJIAZ"l 0 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -
AO-A9 

vIL -

READ CYCLE 

r DOUT 
vOH -

vOL -

i 

----- 0 PEN ----+--1-+---( VALID DATA 

l WRITE 
VIH _ 

VIL -

l.JRITE CYCLE 
vOH -

DOUT 
vOL -

OPE N 

tRWL 

'lIH -
'NRITE 

Itwcs tWCH 

twp 

l D,N 

VIL -

Vra -
VIL -

VALID DATA 

READ-l.JRITE CYCLE 

r DOUT 
VOH - -----vOL _ OPEN -----i--~~ 

\ 
I-­I WRITE 

I 
V

IH
- W 

VI L - tRC S "F----='!::.L..-'..~~~-'-'-~ .... 
tCWD I twp 

::: -1;J;,...,....,..!lj;~///;..,....,....,.!h~W/,....,.......jj/;.,....,...,.Wj;..,...,...,.W/;..,...,..,~-r-r-w/;~m.,..,....,I/;-rrJ!/""""-'O\/MTALID DATAW;///!/II /1112 
~ : "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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I, 
I" 

TC511000AP/AJ/AZ-10, ·TC511 OOOAP/AJ/AZ-80 
TC511000AP/AJ/AZ-l0 

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000A/IA/2A is a CMOS DRAM organized as 1,048,576 words by I-bit. It is internally organized as 262,144 
words by 4-bit. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the 'Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 

same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

a For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

a For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 

An,Am 
,------'0 

,------o~ORMAL 

I--------'~ 

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

Truth Table in Test Mode Function 

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

Otherwise Hi-Z 

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

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

'-------1 
---+--~\'-------+-II ~~ It.,,"O(O n,) 

.• tTEHR(O :lS)~ . 

TF 

Fig.2 Test Mode Cycle 
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OUTLINE DRAWINGS 

• Plastic DIP 

0.5:1::0.15 

Note: Each lead pitch is 2.54mm. 

Unit in rnm 

+0.1 
).25 - 0.05 

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

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

All dimensions are in millimeters. 
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,', ' ' ~~':~;-":-:.~:,,~:~~"""""'''''''''''''~'~::~~~'''''~:''.':::::'::;.'.:"""".'''.''''''::~::''''':'.-''''.'''''''::~''"~',, ' 
0' , ,,' :;"<\"- ,:,,~ 

f£Ci·11008R/AJIP:Z-7Q,,' 'TC5l100QA"AJ/AZ;80 
lC511000AP/AJ/AZ-10 ' , 

• Plastic SOJ 

Unit in mm 

17.02 - 17.27 

126 25 24 23 22 lB 17 16 15 ~ I 
00 on oono 

-4-+---- - +----1 - ---+-

INDEX DOT 

1 2 3 4 5 " 10 II J2 13 

0.41-0.50 II I 1.27 TYP. 

9.5 - 9.9 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

-A-110-



·_--_._._-- •. _. __ .-._--_._-----------_._--

TC511000AP/AJ/AZ-10, TC511000AP/AJ/AZ-SO 
TC511000AP/AJ/AZ-l0 

• Plastic ZIP 

I 26.3 MAX. I 
"----" 

INDEX DOT 

d 

v 

l­
I-

v V 

1.27 TYP. 

l-
I- I-

v V V 

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 

30MAX ~. 

I 
/ -

~ 

ci 
~ 
cQ 
co 

... -
-? 't::::::: 

~l 
~ 

0. 25 ~ 6:8 ~ I 

I 

1.27 TYP. 

2.54 TYP. 
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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DESCRIPTION 

rC511000APL/AJL/AZL-70, rC511000APL/AJL/AZL-80 
rC511 OOOAPL/AJL/AZL-l 0 

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 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 TC511 OOOAPL/AJL/AZL to be packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 
20/19 pin plastic ZIP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V±10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 

FE}l,TURES • Low standby current : 200~ max. 

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

• Extended Refresh Period : 512 cycles/64ms 

Low Power ::51':'COOAr/,,;,,:-. '~~ ... Z-7,]/'2·:)/1C: , • 

P-.~S ;"ccesE' Time 
Column Adcress 
Access Time 
CAS .';'ccess Time 

tRC Cvcle Time 
tpc Fas~ Page Mode 

Cycle Ti!:le 

70ns 
3Sns I 
20ns I 

l30ns 

40ns 

• Single power supply 
in VEE generator 

of 5V::lO;~ 

PIN CONNECTION 

Plastic DIP Plastic SOJ 
':ss 

PIN NAHES 

AD '" A9 Address Inputs 
~ Row Address Strobe 
DIN Data In 
DOUT Data Out 
m Column Address Strobe 
(';R1TE Read/\~rite Input 
VCC Power (+5V) 
VSS Ground 
IT Test Function 
N.C. No Connection 

SOns lOOns 
40ns SOns 

20ns 25ns 
l50ns I 180ns 

45ns 55ns 

with a built-

Plastic ZIP 

I 
I 
i . 

440mW MAX. Operating (TC511 000APL/AJL/AZL-70) 
385mW MAX. Operating (TC511000APL/AJL/AZL-80) 
330mW MAX. Operating (TC511 000APL/AJL/AZL-1 0) 
1 . 1 mW MAX. Standby 

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

• All inputs and outputs TTL compatible 

BLOCK DIAGRAN 
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TOSHIBA MOS MEMORY PRODUCTS 
1,048,576 WORD x 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

TC511001 P/J/Z-85, TC511001 P/J/Z-10 
TC511001 P/J/Z-12 

DESCR1PTION 

The TC511001 P/J/Z is the new generation dynamic 
RAM organized 1,048,576 words by bit. The 
TC511 001 P/J/Z utilizes TOSH IBA'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 
TC511001 P/J/Z to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZI P. The package size provides high system bit densities 

FEATURES 

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

-----
TC511 001 P /J/Z·85·1 0-12 

tRAC RAS Access Time 85ns lOOns 120ns 

tAA 
Column Address Access 

45ns 50ns 60ns Time 
.-

tCAC CAS Access Time 30ns 35ns 40ns 
'--.. .-

tRC Cycle Time l65ns 190ns 220ns 
.-

Nibble Mode Access 
tNCAC Time 20ns 20ns 25ns 

tNC 
Nibble Mode Cycle 

40ns 40ns 50ns Time L..-____ 

• Single power supply of 5V ± 1 0% wi~h a built-in VBB 

generator 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SO] Plastic ZIP 
DIN 1 VSS wiiH- Vss 

WRITE 2 DOUT RAS ~T 
RAS 3 CAS TF N.C. 

TF 4. A9 N.C. A9 
AO 5 14 A8 

Al 6 13 A7 
AO AS 
Al A7 

A2 12 A6 A2 A6 

A3 AS A3 A5 

VCC 9 A4 VCC A4 

PIN NAMES 

AO~A9 Address Inputs 

CAS Column Address Strobe 

DIN Data In 

DOUT Data Out 

RAS Row Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

VSS Ground 

and is compatible with widely available automated testing 
and insertion equ ipment. System oriented featu res 
include single power supply of 5V ± 10% tolerance, 
direct interfacing capability with high performance logic 
families such as Schottky TTL. The special feature of 
TC511001 P/J/Z is nibble mode, allowing the user to 
serially access 4 bits of data at a high data rate. "Test 
Mode" function is implemented from Revision C. 

• Low Power: 
385mW MAX. Operating (TC511 001 P/J/Z-85) 
330mW MAX. Operating (TC511 001 P/J/Z-1 0) 
275mW MAX. Operating (TC511001 P/J/Z-12) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
cI i p selection 

• Common I/O capability using "EAR L Y WR ITE" 
operation 

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

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Packing Plastic DI P: TC511 001 P 

PlasticSOJ: TC511001J 
Plastic ZIP TC511001Z 

BLOCK DIAGRAM 

AO 

Al 
A2 

A3 

A4. 

AS 

A6 
A7 

AS 

A9 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V IN -1 ~7 V 1 

Test Mode Input Voltage VIN(TF) -1 ~ 10.5 V 1 

Output Voltage VOUT -1 ~7 V 1 

Power Supply Voltage Vce -1 ~7 V 1 

Operating Temperature 
--

TOPR °c 0~70 1 
-I-

°c Storage Temperature TSTG -55~ 150 1 

Soldering Temperature' Time TSOLDER 260-10 °C-sec 1 

Power Dissipation PD 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 
---

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 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 

VIH(TF) Test Enable Input High Voltage Vcc +4.5 - 10.5 V 2 

VIL(TF) Test Disable Input Low Voltage -1.0 - V cc +1.0 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc= 5 ± 10%, Ta = a ~ 70°C) 

- -~,-----r~·--~ 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
------

70 m-~ 
r---~~ 

TC511 001 P/J/Z-85 -

ICCl Average Power Supply Operating Current TC511001P!J!Z-10 - 60 mA 3,4 
(RAS, CAS, Address Cycling: tRC= tRC MIN.) TC511 001 P!J!Z-12 - 50 mA 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 2 mA 3 

( R AS = CAS = V I H) 

RASONLY REFRESH CURRENT ~1J.291 P!J~~~_ f---- - 70 mA 

ICC3 Average Power Supply Current, RAS Only Mode TC511 001 P!J!Z-l 0 - 60 mA 3 
(RAS Cycling, CAS = VIH: tRC= tRcMIN.) TC511001 P!J!Z-12 - 50 mA 

NIBBLE MODE CURRENT ~01P;J:!Z-85 - 50 mA 

ICC4 Average Power Supply Current, Nibble Mode TC511 001 P!J!Z-l 0 - 40 mA 3,4 
(RAS = VI L, CAS Cycling: tNC= tNC MIN.) 

I-.-~~-. -
TC511001P!J!Z-12 - 30 mA 

STANDBY CURRENT 
ICC5 Power Supply Standby Current - 1 mA 

(RAS = CAS = Vce-0.2V) 

CAS BEFORE RAS REFRESH CURRENT ~~ 1 001 P!J!Z-85 - 70 mA 

ICC6 Average Power Supply Current, CAS Before TC511 001 P!J!Z-l 0 - 60 mA 3 
RAS Mode (RAS, CAS Cycling: tRC= tRc MIN.) TC511 001 P!J!Z-12 - 50 mA 

I NPUT LEAKAGE CURRENT (anv input except TF) 

IUU Input Leakage Current, ,any input (OV ~ VIN~ 6.5V, -10 10 fJ.A 
All Other Pins Not Under Test = OV) 

IITF(U INPUT LEAKAGE CURRENT (only TF) -10 10 fJ.A 
(OV ~ VIN(TF) ~ Vce + 0.5V, All Other Pins Not Under Test = OV) 

'O(L) 
OUTPUT LEAKAGE CURRENT -10 10 fJ.A 
(DOUTis disabled, OV ~ VOUT ~ 5.5V) 

ITF TEST FUNCTION INPUT CURRENT - 1 mA 
(Vee + 4.5V ~ VIN(TF) ~ 10.5V) 

--
OUTPUT LEVEL V OH Output "H" Level Voltage (IDuT=-5mA) 

2.4 - V 

VOL OUTPUT LEVEL - 0.4 V 
Output" L" Level Voltage (I OUT= 4.2mA) 

-'--. -
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TC511 001 P/J/Z-85,TC511001 P/J/Z-l0 
TC51 I DOl P/J/Z-12 

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

TC511001 PI TC511001PI TC511001 PI 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNIT NOTES 

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

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

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

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

tNRMW Nibble Mode Read-Write Cycle Time 65 - 65 - 80 - ns 

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

tCAC Access Time from CAS - 30 - 35 - 40 ns 8,13 

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

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

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

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

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

t RP RAS Precharge Time 70 - 80 - 90 - ns 

t RAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RSH RAS Hold Time 30 - 35 - 40 - ns 
-- --

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 30 10,000 35 10,000 40 10,000 ns 

tRCO RAS to CAS Delay Time 25 55 25 65 25 80 ns 13 

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

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

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

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

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

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

Column Address Hold Time referenced 
65 75 90 tAR 

to RAS 
- - - ns 

tRAl Column Address to RAS Lead Time 45 - 50 - 60 - ns 

t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 

Read Command Hold Time referenced to 
0 0 0 10 tRCH CAS 

- - - ns 

Read Command Hold Time referenced to 
0 i 0 0 10 tRRH RAS 

- - - ns 

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

Write Command Hold Time referenced to 
65 75 90 tWCR RAS 

- - - ns 

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

tRWl Write Command to RAS Lead Time 20 - 25 - 30 - ns 

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

t OS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tOH Data-In Hold Time 20 - 20 - 25 - ns 11 

tOHR Data-In Hold Time referenced to RAS 65 - 75 - 90 - ns 
f-----

Refresh Period 8 t REF - 8 - 8 - ms 
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TCSll001P/J/Z-85, TG511001P/J/Z-10 
TG511001 P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC511001P/ TC511001 P/ TC511001 P/ 
SYMBOL PARAMETER J/Z-85 J/Z-10 J/Z-12 UNITS NOTES 

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

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tCWD CAS to WR ITE Delay Time 30 
r---' 

- 35 - 40 - ns 12 

tRWD RAS to WR ITE Delay Time 85 - 100 - 120 - ilS 12 

tAWD Column Address to WR ITE Delay Time 45 - 50 - 60 - ns 12 

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

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

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

tCPT 
CAS Precharge Time (CAS before RAS 

50 50 - I 60 - ns 
Counter Test) 

-

tNCAS Nibble Mode Pulse Width 20 - 20 - 25 - ns 
--.~~--1----

tNCP Nibble Mode CAS Precharge Time 10 - 10 - 15 - ns I 

tNRSH Nibble Mode RAS Hold Time 20 - 20 - 25 - ns 

tNcwD Nibble Mode CAS to WRITE Delay Time 20 - 20 - 25 - ns 
j--------t-----f-----l--

Nibble Mode WR ITE Command to RAS 
20 20 25 tNRWL Lead Time 

- - - ns 
---~ /------ ---

I 
Nibble Mode WRITE Command to CAS 

20 20 25 tNCWL Lead Time 
- - - ns 

1---- ns--I--I tTES 
Test Mode Enable Set-Up Time referenced 

0 0 - 0 -
to RAS 

-

t---~- t-----t----- ns I tTEHR 
Test Mode Enable Hold Time referenced 

0 0 0 
to RAS 

- - -

--t--- nsl Test Mode Enable Hold Time referenced 
0 0 0 tTEHC to CAS 

- - -

CAPACITANCE (Va: = 5V ± 10%, f = lMHz, Ta = 0 ~ 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
--

Cll Input Capacitance (Ao ~ A 9 , DIN) - 5 pF 
----

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

Co Output Capacitance (D OUT ) -- 7 pF 
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NOTES: 

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

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

2. All Voltages are referenced to V ss· 

3. I CC1, I CC3, Icc4' Icc6 depend on cycle rate. 
4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200l1s is required after power-up followed by any 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS in1tializa­

tion cycles instead of 8 RAS cycles are required. 
6. AC measurements assume t T = 5ns. 
7. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V IH and VI L . 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 

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

10. Either t RCH or t RRH must be satisfied for a read cycle. 

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

12. twcs, tRwD, tCWD and t AwD 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 data out pin will 
remain open circuit (high impedance) throughout the entire cycle; If tRWD ~ tRwD (min.), tCWD ~ tCWD 
(min.) and tAwD ~ tAWD (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 indeterm inate. 

13. Operation within the lRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is specified as a 

I'efer'ence point only: If tpCD 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 
leference point only: If tRAD is greater than the specified tRAD(max.) limit, then access time is controlled by 

t-"lA. 
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TIMING. WAVEFORMS 

• READ CYCLE 

__ vIH 
RAS 

VIL 

__ VIH 
CAS 

VIL 

VIH 
AO-A9 

VIL 

___ VIH 
WRITE 

VIL 

DOUT 
VOH 

VOL 

• WRITE CYCLE (EARLY WRITE) 

AO-A9 

___ VIH 
WRITE 

VIH 
DIN 

VIL 

VOH 
DOUT 

VOL 

tRAs 

tRAS 

tRC 

tRC 

E2ZI "H"or"L" 

NOTE: "TF" pin should be connected to V1UTF) level or open, if "Test Mode" is not used. 
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• READ-WRITE CYCLE 

_ VIH 
CAS 

__ VIH 
WRITE 

VOH -

TC511001P/J/Z~85, TC5l1001P/J/Z-10 
TC511·001P/J/Z-12 

tCLZ 

OPEN 
DOUT ----~------------------~ VALID DATA 

VOL tRAC 

::: =wJw&$$//I///;#M~!~hJ<Wmawff4 
E22d: "H" or "L" 

NOTE: "TF" pin should be connected to V1L(TF) level or open, if "Test Mode" 
is not used. 
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TC51l001P/J/Z .. 85, TC511001P IJ/Z·10 
TC51l 000 PI J/Z-12 

• NIBB LE MODE READ CYCLE 

CAS 
vIH 

vIL 

vIH 
AO-A9 

vIL 

DOUT 
VOH 

VOL 

WRITE 
VIH 

VIL 

• NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

CAS 

AO-A9 

WRiTE 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

~: "H" or "L" 

NOTE: "TF" pin should be connected to V1l (TF) level or open. 
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• NIBBLE MODE READ-WRITE CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

VIH 
AQ-A9 

VIL 

VIH 
WRITE 

VIL 

DIN 
VIH 

VIL 

VOH 
DOUT 

VOL tCLZ 

TC511001 P/J/Z-S5, TC511001P/J/Z-l0 
TC511001P/J/Z-12 

E2Zl: "H" or "L" 

NOTE: "TF" pin should be connected to V1L (TF) level or open. 
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• RAS ONLY REFRESH CYCLE 

vIR -
RAS 

VIL -
tCRP 

CAS 
VIR 

VIL 

VIR -
AO-A8 

VIL 

VOR 
DOUT OPEN 

VOL -

[221: "H" or "L" 

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

• CAS BEFORE RAS REFRESH CYCLE 

RAS 

CAS 

DOUT 

vIR 

VIL 

tCSR tCHR 

VIH -

VIL -

VOH -
OPEN 

VOL -

~ "H" or "L" 

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

"TF" pin should be connected to V1L(TF) level or open, if "Test Mode" 
is not used. 
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rC511001 P/d/l-85, re5110Dl P/d/Z-l0 
re511 001P / d/Z-12 

• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

AO-A9 
VIH 

v IL 

READ CYCLE 

[ DOUT 

VOH 

vOL 

WRITE 
VIH 

vIL 

WRITE CYCLE 

VOH tRWL 

DOUT 
vOL tCWL 

twcs tWCH 

twp 
WRITE 

VIH 

VIL 

VIH 
DIN 

vIL 

READ-WRITE CYCLE 

VOH 
DOUT 

vOL 

E22J: "H" or "L" 

NOTE: "TF" pin should be connected to V1L(TF) level or open, if "Test Mode" 
is not used. 
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TC61100lP1J1Z-86, ·TC51100lPldIZ-10 
TC511001P1J1Z-12 

• HIDDEN REFRESH CYCLE (READ) 

_VIH -
RAS 

VIH -
CAS 

AO-A9 

WRITE VIH -

VOH -
DOUT --------------~~V 

VOL -

• HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

VIH -..,....,....,......,.....,......,...~.,.... 

WRITE 

VOH -

tCHR 

VALID DATA 

tCHR 

DOUT --------------- OPEN 

tRA.S 

VOL -

~: "H" or "L" 

NOTE: "TF" pin should be connected to V1L(TF) level or open, if "Test Mode" 

is not used. 



APPUCATION INFORMATION 

ADDRESSING 
The 20 address bits required to decode 1 of the 

1,048,576 cell locations within the TC511 001 P/J/Z 
are multiplexed onto the 10 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

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

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

DATA INPUT/OUTPUT 
Data to be wri tten into a selected cell is latched 

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

Data is retrieved from the memory in a read cycle 
by maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cycle in which 

TC511001 P/J/Z-85, TC511001 P/J/Z-l0 
TC511001P/J/Z-12 

CAS is active(low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (D ouT ) 

of the TC511 001 P/J/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 MODE 
Nibble mode operation allows faster successive 

data operation on 4 bits. The first of 4 bits is accessed 
in the usual manner with read data coming ou·t at 
tCAC time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tCAd. Rowand 
column addresses need only be supplied for the first 
access of the cycles. F rom then on, the fall i ng edge of 
CAS will activate the next bit. After four bits have 
been accessed, the next bit will be the same as the 
first bit accessed (wrap-around method). 

[(0, O)~ (0, 1) ~ (1, O)~ (1, 1}J 

Address A9 determines the starting point of the cir­
cular 4 bits nibble. Row A9 and column A9 provide 
the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary 
fashion; 00 ~ 01 ~ 1 0 ~ 11 with A9 row being the 
least significant address. 

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

RASONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished 

by perform ing a memory cycle at each of the 512 
row address (AO ,....., A8) within each 8 millisecond 
time interval. Although any normal memory cycle 
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will perform the refresh operation, this function is 
most easily accomplished with "RAS-only" cycles. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the 

TC511 001 P/J/Z offers an alternate refresh method. 
If CAS is held on low for the specified period (tCSR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh 
address counter is automatically incremented in 

MEMORY CYCLE. 

perparation for the next CAS before RAS refresh 
operation. 

HIDDEN REFRESH 
An optional feature of the TC511 001 P/J/Z is that 

refresh cycles may be performed while maintaining 
valid data at the output pin. This referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at V 1L and taking RAS high and after 
a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

REFRESH CYCLE REFF.ESH CYCLE 

DOOT --&7 ~~----~--------~-------~ 
This feature allows a refresh cycle to be "hidden" 

among data cycles without affecting the data avail­
ability. 

CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TC511 001 P/J/Z 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/ 
WR ITE 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 initi,alization 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 
(R EAD-WR ITE CYCLE). Repeat this operation 
512 times. 

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

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

® Check "0" out of 512 bits at normal read mode, 
which was written at {4) 

® Perform the above G.J to ® the complement 
data. 
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T851J001 P/Jll:a85, 18511001P/d/Z-l 0 
18511001 PI Jll-12 

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000jIj2 is a CMOS DRAM organized as 1,048,576 words by I-bit. It is internally organized as 262,144 

words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 

same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

a For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 

TF Pin 

TF Pin 

An. AID 

Super Voltage; Test Mode 

Low Level or Hi-Z; ~ormal 

Truth Table in Test Mode Function 

A B C D DOUT 
t----w 

i I ~. 0 0 0 0 

1 I 1 I 1 1 

Otherw'ise Hi-Z 

Fig. 1 
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'T~ lJtOOt~J'JJZ;-I'i fc~iIQ01."l~~n. 
TC511001P/J/Z:.12·,' 

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

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

vIH 
RAS 

vIL 

'vIH -
CAS 

VIL - tTEHC(O ns) 

tTES (Ons) tTEHR( 0 n6) 

TF 
VIH(TF) 

VIL(TF) 

Fig. 2 Test Mode Cycle 
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TC511001P/J/Z-85, TC511001P/J/Z-l0 
TC511001P/J/Z-12 

OUTLINE' DRAWINGS 

• Plastic DIP 

18 17 16 15 14 13 12 11 10 

~===-====:~ 123456789 

2.54± 0.25 1.4 ± 0.15} 

0.5± 0.15 

NOTE: Each lead pitch is 2.54mm. 

OJ 
ci 

o 
.n 

Unit: in mm 

7.62±0.25 

All leads are located within O.25mm of their true longitudinal position with respect 
to No.1 and No. 18 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 

• Plastic ZIP 

17.02 

1"2625 24 2322 
/pnnnn 

INDEX DOT 

1 2 3 4 5 

17.27 

IB171615g1 
nnoo 

9 10 11 12 13 

r-----------------------------------~ 

INDEX DOT 

1.27 TYP. 

~ 
<D 
rl 
d 
rl 

3.OMAX 

Unit: in mm 

Unit in nun 

1.27TYP 

2.54TYP 

~ 
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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·'lIlSHIU·MOS MEMBIl,PRGODelS 
DESCRI PTION 

TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

The TCSllOOlAP/AJ/AZ is the ne,v generation dynamic RAN organized 1,048,576 words by 
1 bit. The TCSllOOlAP/AJ/AZ utilizes TOSHIBA's Q10S 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 TCSIIOOIAP/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 feature~ include 
single power supply of SV±lO% tolerance, direct interfacing capability with high perform­
ance logic families such as Schottky TTL. The special feature of TCSlIOOlAP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 

FEATURES 

• 1,048,S76 words by 1 bit organization 
• Fast access time and cycle time 

[c511COlA1YA.J/AZ-70/ -BQ/-1C 

tRAC RAS Access Time 70ns SOns lOOns 

teA 
Column Address 3Sns 40ns SOns Access Time 

tCAC CAS Access Time 20ns 20ns 2Sns 
tRC Cycle Time l30ns 1S0ns 180ns 

Nibble Mode 
ISns 1Sns 20ns tNCAC Access Time 

Nibble Mode 
tNC Cycle Time 3Sns 3Sns 40ns 

· Sl.ngle power supply of SV±lO% wl.th a 
built-in VBB generator 

PIN CONNECTION (TOP VIEH) 

SOJ Plastic ZIP 
DIN VSS DI~I VSS A9 C _._1 C? CAS IDur -,~ IbL"T IDUT ~J 

CAS ?AS CAS G 'IS) 

Jill 
TF N.C. 

N.C. A9 
;i) AS 

Al. A? AD AS 

A6 
Al A7 
A2 A6 

AS 1\3 AS 

A4 Vce A4 

PIN NAf'" ES 
AO"'A9 Address Inputs 

CAS Column Address Strobe 
D1i)J Data In 
DOUT Data Out 
RAS Row Address Strobe 
lvRITE Read/Hrite Input 
VCC Power (+SV) 
VSS Ground 
TF Test Function 
~.C. No Connection 

• Low Power: 
440mW MAX. Operating(TCSll001AP/AJ/AZ-70) 
38SmW ~/IA.,'{. Operating(TCS1IOOlAP / AJ / AZ-80) 
330m\v HAX. Operating(TCSll001AP / AJ / AZ-lO) 
S.SmW aAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Common I/O capability using "EARLY I.JRITE" 
operation 

• Read-Hodify-t;vri te, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Nibble 
~ode and Test Mode capability 

• All inputs and output TTL compatible 
• S12 refresh cycles/8ms 
• Package Plastic DIP: TCS1IOOIAP 

Plastic SOJ: TCSllOOIAJ 
Plastic ZIP: TCSIIOOIAZ 

BLOCK DIAGRAM 

AO 
Al 
A2 
A.3 
A4 

A5 
A6 
A7 

AS 
A9 

SUBSTRATE BIAS 
GENERATOR 
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T~5'11 OOl~""AJtAZ·10, .TC51l801AP' AJ/AZ"8D 
TC&llOD1AP1AJlAZ;'10· . 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN -1'V7 V 
Test Hode Input Voltage VIN(TF) -1'VI0.5 V 
Ootput Voltage VOUT -1'V7 V 
Power Supply Voltage VCC -1'V7 V 
Operating Temperature TOPR 0'V70 °C 
Storage Temperature TSTG -55'V150 °C 
Soldering Temperature-Time TSOLDER 260-10 ° C- se c 
Power Dissipation PD 600 mH 
Short Circuit Output Current lOUT 50 rnA 

RECOM~ENDED DC OPERATING CONDITIONS (Ta=Qrv70°C) 
SYHBOL PARAHETER HIN. TYP. MAX. 

Vec Supply Voltage 4.5 5.0 5.5 
VIH Input High Voltage 2.4 - 6.5 
VIL In~ut Low Volta~e -1.0 - 0.8 
VIH(TF Test Enable Input High Voltage Vec+4.5 - 10.5 
VIL(TF Test Disable Input Low Voltage -1.0 - VCC+1.0 

DC ELECTRICAL CHARACTERISTICS (Vcc=S±lO% Ta=0'V70°C) 
SYHBOL PARAHETER 

OPERATING CURRENT TC51100 lAP/AJ/AZ-70 

ICCl Average Power Supply Operating Current TC5110 01AP/AJ/AZ-80 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC51100 1 AP/AJ / AZ-IO 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TC511001AP/AJ/AZ-70 

ICC3 Average Power Supply Current, RAS Only Mode TC 51100 lAP/AJ/ AZ-80 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC 5110 0 lAP/AJ/ AZ-IO 

NIBBLE MODE CURRENT TC511001AP/AJ/AZ-~ 

ICC4 Average Power Supply Current, Nibble Mode TC511001AP/~J/AZ-OO 

(RAS=VIL, CAS Cycling: tNC=tNC MIN.) TC51100 lAP/AJ/AZ-lO 

STAl.~DBY CURRENT 

ICC5 Power Supply Standby Current 
(RAS=CAS=Vcc-0. 2V) 
CAS BEFORE RAS REFRESH CURRENT TC 51100 lAP/AJ/ AZ-70 

ICC6 Average Power Supply Current, CAS Before TC511001AP/AJ/AZ-OO 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) TC 511 00 lAP/ AJ / AZ-IO 

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~V1N(TF)~VCC+O.SV, All Other Pins Not Under Test=OV) 

1O(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OVf;VOUT~+5. 5V) 

ITF TEST ru~CTION INPUT CJRRENT 
(VCC+4.SV~VIN(TF)~10.SV) 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (1OUT=-SrnA) 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (1OUT=4.2mA) 
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1 
1 
1 
1 
1 
1 
1 
1 
1 

UNIT NOTES 
V 2 
V 2 

V 2 
V 2 
V 2 

~lIN . MAX. ~ITS NOTES 
- 80 
- 70 rnA 3,4 
- 60 

- 2 rnA 3 

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

- 1 rnA 

- 80 
- 70 rnA 3 
- 60 

-10 10 jJA 

-10 10 jJA 

-10 10 jJA 

- 1 rnA 

2.4 - V 

- 0.4 V 



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

ELECTRICAL CHARACTERISTICS AND RECm1r~ENDED AC OPERATING CONDITIONS 

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

TC511001AP/ TC511001AP/ TC51100LU' / 
UNIT INOTES SYHBOL P ARAl-1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO 

MIN. MAX. MIN. MAX. MIN. XAX. I 
tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tf·mC Read-Write Cycle Time 155 - 175 - 210 - ns 

tNC Nibble Mode Cycle Time 35 - 35 - 40 - ns 

tNRl1W Nibble Mode Read-Write Cycle Time 55 - 55 - 65 - 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 Address - 35 - 40 - 50 ns 8,14 

tNCAC Nibble Mode Access Time - 15 - 15 - 20 ns 8 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 8 

tOfF Output Buffer Turn-Off Delay 0 20 I 0 20 0 20 ns I 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 0,000 100 10,000' 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 ~0,000 25 10,000 ns 

tRCD 
I 

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 Pre charge Time 5 - 5 - 5 - ns 

tCPN CAS Precharge Time 10 - 10 - 10 - ns 

tASR Rmv Address Se t-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 

tAR Column Address Hold Time 55 - 60 - 75 -
referenced to ill 

ns 

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

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

tRCR 
Read Command Hold Time 

0 0 0 10 referenced to CAS - - - ns 

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

tWCR .Jrite Command Hold Time 15 - 15 - 20 ns 

tWCR 
Write Command Hold Time 55 - 60 - 75 
referenced to RAS - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC511001AP/ TC511001AP/ TC511001AP/ 
S'D1BOL PARAJ.'1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNITS NOTES 

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

tl.jp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 
tCWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data-In Hold Time 15 - 15 - 20 - ns 11 

tDHR Data-In Hold Time 
55 60 75 ns 

reference to RAS - - -
tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tCWD CAS to WRITE Delay Time 20 - 20 - 25 - ns 12 
tRWD RAS to WRITE Delay Time 70 - 80 - 100 - ns 12 

tAIID Colunm Address to WRITE 35 - 40 - 50 - ns 12 Delay Time 

tCSR CAS Set-Up Time (CAS before RAS) 10 - 10 - 10 - ns 
tCHR CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns 

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

tCPT 
CAS Pre charge Time 40 - 40 - 50 -(CAS before RAS Counter Test) ns 

tNCAS /Nibble Mode Pulse Width 15 - 15 - 20 - ns 
tNCP Nibble Mode CAS Precharge Time 10 - 10 - 10 - ns 
tNRSH Nibble Mode RAS Hold Time 15 - 15 - 20 - ns 

Nibble Mode CAS to WRITE Delay 15 - 15 - 20 - ns tNCWD Time 

tNRWL 
Nibble Mode WRITE Command to 15 15 20 RAS Lead Time - - - ns 

tNCIVL 
Nibble Mode WRITE Command to 15 15 20 CAS Lead Time - - - ns 

t TES 
Test Hade Enable Set-Up Time a - 0 - 0 - ns referenced to RAS 

tTEHR 
Test Mode Enable Hold Time a - 0 - 0 - ns referenced to RAS 

tTEHC 
Test Mode Enable Hold Time 0 - a - a - ns referenced to CAS 

CAPACITANCE (VCC=5V±10%, f=lHHz, Ta=Qrv70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO'vA9, DIN) - 5 pF 
CI2 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 pF 
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IC$llll81.AP1A,ltAZ"10·,·.,.TC51 1001 APIAJlAZ-80 
TC51·.·I001AP/A"/az~IO .. 

NOTES: 

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. ICC1, 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 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 refernce 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 
condition and is not referenced to output voltage levels. 

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

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

12. twcs, tRWO, tcwo and tAWO 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 tRWO ~ tmm (min.) , 
tC~ID ~ tcwo (min.) and tAWO ~ tAWO(min.), the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

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

14. Operation within the tRAn(max.) limit insures that tRAC(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than 
the specified tRAD(max.) limit, then access time is controlled by tAA' 
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·.Jc'5flaO·1:A'I_d/~Z~·1·~~'>rC8;ll~.lAP/A"/Al~8a 
. TC6ll 00 lAP/Jld/AZ·10··:;~'~' ,;" . ';', 

TIMING WAVEFORMS 

RE..'<\D CYCLE 

RAS 
vIH-

vIL_ 

CAS VIH-

VIL-

AO-A9 VIH-

VIL-

'NRITE 
VIH-

VIL-

DOUT 
VOH-

VOL-

\..JRITE CYCLE (EARLY ~..JRITE) 

CAS 

VIH_ 
AO-A9 

VIL-

WRITE 
VIH-

V1L-

DIN VIH-

VIL-
I 

VOH-
DOUT 

vOL-

NOTE: 

tRc 

tAR 

tcsH 

tRSH 

I 
I 
I tOFF I 

I I I I 

OPEN ~ALID DATA) 

tRC 

tpAS 

-it tAR I 

I tRP i 
f 

l tnRH 

tRJ~n tRRH trE:E 

tCAS 

~: "HI! or "L" 

"TF" pin should be connected to VIL(TF) level or open, if 
"Test Mode" is not used. 
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READ-\.JRITE CYCLE 

VOH­

VOL-

TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-l0 

'. I 

[2Zj : "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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NIBBLE MODE READ CYCLE 

CAS VIH-

VIL-

AQ-A9 
VIH-

VIL-

tRAC 

DOUT 
VOH-

VOL-
OPEN 

tAA 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

AO-A9 

VIH-

VIL-

tCRPI 

VIH-

VIH­

V IL - -'-'-""'""""'-'-""""'-....... ~ ~=--"f 

VOH- ______________________________ ___ 
OPEN 

VOL- ~ : "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open. 
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lC511001JP/Ad/AZ-7'O".TC'Ii:tI001AP/Ad/AZ-80 
le5110GIAP/Ad/AZ-IO 

NIBBLE MODE READ-~.JRITE CYCLE 

VIH­

vIL-~~~~~~~~ 

VOH ---------(v 
vOL-

E22J "H" or "L" 

NOTE: "TF" p;n sh Id b d V (TF) 1 k ou e connecte to IL evel or open. 
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> ' 

TC'U1JIh./Jlill1i~"'/.'.c5·ftlJ01./Ail •• O 
TC511001 AP/AJlAZ·10' 

]AS ONLY REFRESH CYCLE 

VIH _------"""'" 

VIL_ 

CAS VIH-

~7 
tA~ tRAH in 

:~: W$M~ow ADDRESS.lffr;XI;I/;X'-----AO-A8 

DOUT 
VOH- --------------- OPEN 
VOL-

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

CAS BEFORE RAS REFRESH CYCLE 

DOUT 

VIH­

vIL-__ -' 

VOH - ----",L 
VOL-____ -r 

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

"TF" pin should be connected to V1L(TF) level or open, if 
"Test Mode" is not used. 
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TC511001 AP/AJ/AZ-70, TC511001 AP/AJ/AZ-aO 
TC511001AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (READ) 

AO-A9 

VIR -

V IL - -'-'-~"'-'-I..,I...i,..I 

VOH - ______ --+-I_~: / ' 
. VALID DATA 

VOL - tCI,Z I 1 ---------~ 

HIDDEN REFRESH CYCLE (HRITE) 

~: "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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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
vIR -

VIL -

VIH -
CAS 

VIL -

AO-A9 
VIR -

VIL -

READ CYCLE 

r DOUT 
vOH -

l~ITE 
vOL -

VIH -
VIL _ 

WRITE CYCLE 
tRWL 

vOH -
DOUT 

VOL -
OPEN 

VIH -

VIL -LL~~~~~~LLLL~~~~~-4~ ________ ~~~~~~~~~~~~~ 

VIH -

V I L - ~1....t.-'-''-'-J...i.-'-J.....{.~~J...J.-'-'"''''..4-''''''' I .,....-------;; ,,:...:;..~.t...t._'_'-'-~~~"""""'_'_""'__"_'_~ 

READ-WRITE CYCLE 

VOH -----------------------------~~+_--~V VOL _ 

~: "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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TG5ll00 I API Ad/AZ-70,TGStIDO,1 AP/A"/AZ-80: 
TG'5l100 lAP/Ad/AZ-10 ' . . 

APPLICATION INFORMATION 

ADDRESSING 
The 20 address bits required to decode 1 of the 1,048,576 cell locations within 

the TCSllOOlAP/AJ/AZ 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 ad­

dress multiplexing operation is done outside of the critical path timing sequence 

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

the occurrence of a delayed signal derived from the RAS clock chain. This "gated 

CAS" feature allows the ~ clock to be externally activated as soon as the Row Ad­

dress Hold Time specification (tRAH) has been satisfied and the address inputs have 

been changed from Row address to Column address information. 

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

a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 

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

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

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

set-up and hold times are referenced to CAS. If the input data is not available at 

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

will be delayed until after CAS has made is negative transition. In this "delayed 

write cycle" the data input set-up and hold times are referenced to the negative 

edge of WRITE rather than 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 ,v-hich CAS is 

active (low). Data read from the selected cell will be avilable at the output 

within the specified access time. 
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tC51t.;I;iIMI~B.:t.i.J'AP/AIIJt~.; 
TCIj110~lAP1AJlA~~1:.· . . . 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (DOUT) of the TC5ll00lAP/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 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 (faster than tCAC)' Rowand column addresses need 

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

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

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

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

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

column A9 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 + 01 + 10 + 11 with 

A9 row being the least significant address. 

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

of reads and writes or late writes will be allowed. In addition, the circular wrap­

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

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

at each of the 512 row address (AO'V AS) within each S 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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CAS BEFORE RAS REFRESH 

TC511001AP/AJ/Al-70, TC511001 AP/AJ/Al-80 
TC511001AP/AJ/AZ-l0 

CAS before RAS refreshing availalbe on the TCSIIOOIAP/AJ/AZ offers an alternate 

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

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

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

eration is performed, the refresh address counter is automatically incremented in 

perparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 
An optional feature of the TCSlIOOIAP/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) 

MEMORY CYCLE REF::,{ESH CYCLE REFRESH CYCLE 

"I f r=t R / fum 

I 
CAS 

1 I 
DOUT-- OPEN 

I 

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

affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh operation of TC5ll00lAP/AJ/AZ can be tested by CAS BEFORE 

RAS REFRESH COUNTER TEST. This cycle performs READ/HRITE 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 Write "0" into all the memory cells at normal write mode. 

® Select one cartain column address and read "0" out and write "1" in each cell 

by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

CD Check "1" out of 512 bits at normal read mode, which was written at 0. 

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

CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

® Check "0" out of 512 bits at normal read mode, which was written at ®. 

® Perform the above CD to ® the complement data. 
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rC511 001 API Ad/AZ-iO, TC511001AP IAI/AZ-Be 
TC511001AP/Ad/AZ-l0 

DESCRIPTION OF THE TEST MODE FOR 1 M DRAMS 

The TC511000A/1A/2A is a CMOS DRAM organized as 1,048,576 words by I-bit. It is internally organized as 262,144 
words by 4-bit. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 

same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 
An,Am 

r----<J~ORMAL 

t--------J~ 
An.Am 

r------O 

r-----o~RMAL 

l------"~ 
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 
a I 0 I 0 I 0 0 
1 I 1 I 1 I 1 1 

Otherwise Hi-Z 

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

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

vIH-
RAS 

vIL-

V1H-

CAS 
VIL-

VIH( TF) -
TF 

VILe TF) -

tTES ( Ons) 

Fig.2 Test Mode Cycle 
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TC511 001 AP / Ad/ Al-70, TC51 100 1 AP / Ad/ Al-aO 
TC51 1001 AP/AJ/AZ-l 0 

OUTLINE DRAWINGS 

• Plastic DIP Unit in mm 

,'B 17 15 15_ 14 13 12 ~ 10 ~ 

~::::::=_f] 
123455789 

22.SMAX. 

~llT" DI <:; o. ::;: 
i-I---+-f ':)1 

i "~ , 

~ 411 7. 5 2 == C. 2 5 

2.54±O.25 ::'.4±O.15 z 

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.18 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 

1 7.02 ~ 17.27 

~ 25 24 23 22 nnnn 

INDEX DOT 

1 2 3 4 5 

18 17 16 15 
nnnd 

9 10 11 12 13 

11,£l·56~o.81 . 

[II 
0.40-0.50 II ~. 

9.5 - Sl.9 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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cTC511001AP/Adi AZ-70,cJC51l001 AP IAd/AZ-80 
TC&lt001AP/Ad/AZ"lO 

• Plastic ZIP 

26.3MAX 

-! 

INDEX DOT 

cI 
t- h' r I- r t- t- I-

r t- t- t- I- t- t- r l- t- l- t- I- t-
I 
i 

v v II V v , v V v 1 :.2:T:P.~ ~ ~ v ~ 
o.5±o.l 

I I 

1 3 5 7 9 11 13 10; 17 1.9 

~ 
2 4, 5 8 1.2 14 l5 18 20 

Note: Each lead pitch is 1. 27mm. 

All dimensions are in millimeters. 

Unit in mm 

-l-O.O? 

III :.25 - 0.85 
i 
I 

1.27TYP 

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 without notice, to change said circuitry. 
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TaSH I BAMOS MEMORYPRO.DUCTS 
1 ,048,576WORDx1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

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

~DESCR1PTION 

The TC511002P/J/Z is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The TC511002 
P/J/Z utilizes TOSHIBA's CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC511002P/J/Z to be packaged in a standard 18 pin 
plastic 0 I P, 26/20 pin plastic SOJ and 20/19 pin plastic 

?~iAl'ft)ftES 
• 1,048,576 word by 1 bit organization 
• Fast access time and cycle time 

TC511 002P/J/Z-85-1 0-12 

tRAC RAS Access Time 85ns lOOns 120ns 

tAA 
Column Address Access 

45ns 50ns 60ns Time 

tCAC CS Access Time 25ns 25ns 30ns 

tRC Cycle Time 165ns 190ns 220ns 

tsc 
Static Column Mode Cycle 

50ns 55ns 65ns Time 

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

Flastic DIP Plastic SOJ 

DIN 1 
WRI'fl" 

RAS 
TF 

A2 

A3 

AO-A9 

RAS 

DIN 

DOUT 

CS 

WRITE 

VCC 

Vss 

TF 

N.C. 

Vss DIN 
DOUT WRITE 

~ RAS 

A9 
Tl" 

N.C. 
AS 

A7 AO 

A6 Al 

A5 
A2 
A3 

A4. Vcc 

Address Inputs 

Row Address Strobe 

Data In 

Data Out 

Chip Select Input 

ReadIWrite Input 

Power (+5V) 

Ground 

Test Function 

No Connection 

Vss 
DOUT 
~ 
N.C. 
A9 

A8 
A7 
A6 
A5 
A4. 

Plastic ZIP 

ZI P. 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 performance logic 
families such as Schottky TTL. "Test Mode" function is 
implemented from Revision C. 

• Low Power 
385mW MAX. Operating (TC511 002P/J/Z-85) 
330mW MAX. Operating (TC511 002P/J/Z-1 0) 
275mW MAX. Operating (TC511 002P/J/Z-12) 
5.5mW MAX. Standby 

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

• Common I/O capability 
• Read-Modify-Write, 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 0 I P: TC511 002P 

Plastic SOJ: TC511 002J 
Plastic ZIP: TC511002Z 

AO 

Al 

A2 

A3 

A4. 

A5 

A6 

A7 

A8 

A9 
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ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 ~7 V 1 

Test Function Input Voltage VIN(TF) -1 ~ 1'0.5 V 1 

Output Voltage 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 °c 1 

Soldering Temperature-Time TSOLOER 260-10 °C·sec 1 

Power Dissipation Po 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATINGCQNQITIONS (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 - 0.8 V 2 

VIH(TF) Test Enable Input High Voltage Vcc +4.5 - 10.5 V 2 

VIL(TF) Test Disable Input Low Voltage -1.0 - Vcc +1.0 V 2 

DC ELECTRICALCHARACTERISTfCS (Vcc== 5 ± 10%, Ta == 0 ~ 70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC511002P/J/Z·85 - 70 mA 

ICC1 Average Power Supply Operating Current TC511 002P/J/Z-1 0 - 60 mA 3,4 

(RAS, CS, Address Cycling: tRC== tRcMIN.) TC511002P/J/Z·12 - 50 mA 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 2 mA 

(RAS == CS == V IH ) 

RAS ON LY REFRESH CURRENT TC511002P/J/Z·85 - 70 mA 
ICC3 Average Power Supply Current, RAS Only Mode TC511 002P/J/Z·1 0 - 60 mA 3 

(RAS Cycling, CS == VIH: tRC == tRC, MIN.) TC511002P/J/Z·12 - 50 mA 

STATIC COLUMN MODE CURRENT TC511002P/J/Z·85 - 50 mA 

I CC4 Average Power Supply Current, Static Column TC511 002P/J/Z-1 0 - 40 mA 3,4 
Mode (RAS == CS == VIL, Address Cycling: tsc == tsc MIN.) TC511002P/J/Z·12 - 30 mA 
STANDBY CURRENT 

ICC5 Power Supply Standby Current 
(RAS == CS == V r.cO.2V) 

- 1 mA 

CS BEFORE RAS REFRESH CURRENT TC511002P/J/Z·85 - 70 

ICC6 Average Power Supply Current, CS Before TC511002P/J/Z·10 - 60 mA 3 
RAS Mode (RAS, CS Cycling: tRC== tRcMIN.) TC511002P/J/Z·12 - 50 mA 
INPUT LEAKAGE CURRENT (any input except TF) 

II (L) Input Leakage Current, any input (OV~ V IH ~ 6.5V, -10 10 J.lA 
Ali Other Pins Not Under Test == OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) -10 10 J.lA 
(OV ~ VIN(TF) ~ Vcc + 0.5V, All Other Pins Not Under Test == OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 J.lA 
(DOUT is disabled, OV ~ VOUT~+ 5.5V) 

ITF 
TEST FUNCTION INPUT CURRENT - 1 mA 
(Vcc+4.5V~ VIN(TF) ~ 10.5V) 

VOH 
OUTPUT LEVEL 2.4 - V 
Output "H" Level Voltage (lOUT == -5mA) 

VOL 
OUTPUT LEVE L - 0.4 V 
Output "L" Level Voltage (IOUT== 4.2mA) 
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·T~.11"2~/,t/~'S, TCSll1lO2,tJIZ"lt 
lC8ll:802"JlZ-12 . . . 

ELECTRICAlCHARACTERtSTtCS AND RECOMMENDED AC OPERATING CONOrTIONS 
(V cc = 5V ± 10%, Ta = 0 ~ 70uC) (Notes 5,6,7) 

TC511002P/ TC511002P/ TC511002P/ 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNIT NOTES 

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

t RC Random Read or Write Cycle Time 165 - 190 - 220 - ns 

t RWC Read-Write Cycle Time 190 - 220 - 255 - ns 

tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

Static Column Mode Read Write 
90 100 120 tSRwC Cycle Time 

- - - ns 

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

tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 

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

tAlw Access Time from Last Write - 85 - 95 - 115 ns 8,15 

tClZ CS to Output in Low-Z 5 - 5 - 5 - ns 8 

tOFF Output Buffer Turn-off Delay 0 30 0 30 a 35 ns 9 

tAOH 
Output Data Hold Time from 

5 5 5 
Column Address 

- - - ns 

tow Output Data Enable Time from WR ITE - 25 - 25 - 30 ns 

tWOH Output Data Hold Time from WR ITE a - a - a - ns 

1T Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 

t RP RAS Precharge Time 70 - 80 - 90 - ns 

t RAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RASC RAS Pulse Width (Static Column Mode) 85 100,000 100 100,000 120 100,000 ns 

t RSH CS to RAS Hold Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 

t CS CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tcsc CS Pulse Width (Static Column Mode) 25 100,000 25 100,000 30 100,000 ns 

tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 

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

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

tcp 
CS Precharge Time (Static Column 

10 10 15 
Mode) 

- - - ns 

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

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

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

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

Write Address Hold Time referenced 
65 75 90 tAwR to RAS 

- - - ns 

Column Address Hold Time referenced 
100 115 140 tAR to RAS 

- - - ns 

tRAl Column Address to RAS Lead Time 45 - 50 - 60 - ns 

Column Address Hold Time referenced 
10 10 15 tAH to RAS Rise 

- - - ns 16 

tcwl Write Command to CS Lead Time 20 - 25 - 30 - ns 

tlWAD 
Last Write to Column Address Delay 

25 40 25 45 30 55 15 
Time 

ns 
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TC6llOQ:i:tt:/J/Zi 88, -t8it·l802·,td/z"le" 
TC51l002P/J/Z-l2; 

ELECTRICAL·._ CHARACTE.R,tSTICSAND RECOMMENDeDACOPE~ATfNG .CONOITI$4S~· (Continued) 

TC511002P/ TC511002P/ TC511002P/ 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNITS NOTES 

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

Last Write to Column Address Hold 
85 95 115 tAHLW Time 

- - - ns 

tRCS 
Read Command Set-Up Time 

0 - 0 - 0 - ns 
referenced to CS 

Read Command Hold Time referenced 
0 0 0 10 tRCH 

to CS 
- - - ns 

Read Command Hold Time referenced 
0 0 0 10 tRRH 

to RAS 
- - - ns 

tWH 
Write Command Hold Time (Output 

0 - 0 - 0 - ns 12 
Data Disable) 

Write Command Hold Time referenced 
65 75 90 tWCR 

to RAS 
- - - ns 

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

tWI Write Command Inactive Time 10 - 10 - 15 - ns 

tRwL Write Command to RAS Lead Time 20 - 25 - 30 - ns 

tDs Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

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

tREF Refresh Period - 8 - 8 - 8 ms 

tws 
Write Command Set-Up Time 

0 0 0 - ns 12 
(Output Data Disable) 

- -

tcwD 
CS to WR ITE Delay Time 

25 - 25 - 30 - ns 12 
(READ-WRITE CYCLE) 

tRWD 
RAS to WR ITE Delay Time 

85 - 100 - 120 - ns 12 
(READ-WRITE CYCLE) 

tAWD Column Address to WR ITE Delay Time 45 - 50 - 60 - ns 12 

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

tCHR "CS Hold Time (CS before RA"S) 30 - 30 - 30 - ns 

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

tCPT 
CS Precharge Time (CS before RAS 

50 - 50 - 60 - ns 
Counter Test) 

tCPN CS Precharge Time 15 - 15 - 20 - ns 

tTES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 - ns 
referenced to RAS 

Test Mode Enable Hold Time 
0 0 0 tTEHR referenced to RAS 

- - - ns 

Test Mode Enable Hold Time 
0 0 0 tTEHC 

referenced to CS 
- - - ns 

CAPACITANCE (Vcc = 5V ± 10%, f = lMHz, Ta = 0 ~ 70
c

C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (Ao ~ A 9 , DIN) - 5 pF 

CI2 Input Capacitance (RAS, CS, WR ITE, TF) - 7 pF 

Co Output Capacitance (DoUT ) - 7 pF 
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NOTES: 

TC511002P1J1Z-85, TC511002P1J1Z-l0 
TC511002P1J1Z-12 

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 CCl , I CC3 , I CC4 , I CC6 depend on cycle rate. 
4. ICC1, Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200J.Ls is required after power-up followed by any 8 RAS cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CS Before RAS initialization 
cycles instead of 8 RAS cycles are requ ired. 

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 VI L . 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 
9. tOFF (max.) define the time at which the output achieves the open circuit condition and is not referenced 

to output voltage levels. 
10. Either tRCH or tRRH must be satisfied for a read cycle. 
11. These parameters are referenced to CS leading edge in early write cycles and to WR ITE leading edge in 

read-write cycles. 
12. tws, tWH, tRWD, tCWD and tAwD are not restrictive operating parameters. They are included in the data sheet 

as electrical characteristics only. If tws ~ tws (min.) and tWH ~ tWH (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If tRwD ~ tRWD 
(min.)' tCWD ~ tCWD (min.) and tAWD ~ tAWD (min.), the cycle is a read-write cycle and the data out will 
contain data read from the selected cell: I f 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 tRAdmax.) 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 
t CAC ' 

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 then the specified tRAD(max.) limit, then access time is controlled by 
exclusively by t AA. 

15. Operation within the tLwAD(max.) limit insures that tALW(max.) can be met. tLwAD(max.) is specified as a 
reference point only: If t LWAD 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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TIMING. WAVEFORMS 

• READ CYCLE 

AO-A9 VIH- COLUMN ADDRESS 
VIL -

CS 
VIH - tcs 

VIL -

VIH -
WRIT.!!: 

VIL -

VOH -
DOUT 

vOL - tCLZ 

• WRITE CYCLE (EARLY WRITE) 

VIH -----,L 
tRAS 

tAWR 

]'0-A9 
VIH -

VIL-

COLUMN 
ADDRESS 

tCAH 

VIH - tcs 
C8 

VIL- tRCD 

tWCR 
tCWL 

VIH -
WRITE 

VIL -

VIH -
DIN VALID DATA 

VIL-

DOUT 
VOH-

OPEN 
vOL-

~ : IH"or"L" 

NOTE: "TF" pin should be connected to V1L(TF) level or open, if "Test Mode" is not used. 
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• READ-WRITE CYCLE 

VIH -
MS 

VIL -

VIH -
AO-A9 

VIL -

VIH -
cs 

VIL -

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

DOUT 

t;RWC 

tRAS 

t;CAH 

COLUMN ADDRESS 

tRAL 

tASC 

tCWD 

tAWD 

t;RWD 

tDS 

tcLZ 

E22] : "H" or "L" 

NOTE: "TF" pin should be connected to V1L(TF) level or open, if "Test Mode" 
is not used. 
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• STATIC COLUMN MODE READ CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

WRITE VIH -
VIL -~~~~~~~~ 

DOUT 
vOL -
VOH - -------------0 

• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

WRITE VIH -
VIL -

VIH -DIN 
VIL -

DOUT 
VOH -

VOL -
OPEN 

COLUMN 
ADDRESS 

~: "H" or "L" 

NOTE: "TF" pin should be connected to V 1UTF ) level or open, if "Test Mode" 
is not used. 



TC511002P/tlIZ-85, TC511002P/tl/Z-l0 
TC511002P/tI,Z-12 

• STATIC COLUMN MODE READ-WRITE CYCLE 

AO-A9 

WRITE 
VIH 

VIL 

DIN 
VIH 

VIL 

• STATIC COLUMN MODE READIWRITE MIXED CYCLE 

AO-A9 

cs vIH 

VIL 

WE\ITE vIH 

vIL 

VIH 
DIN 

VIL 

Dour VOH 
VOL 

(READ) (WRITE) 

~ : "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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• RAS ONLY REFRESH CYCLE 

tCRP 

VIH­

VIL---------------J 

AO-AS 
V I H -- -r-r"."'7'"7--r-r-rr,-,-,....,...,.""" .,J.:,....-----""'- rr-r-l"77-r-:-'7'7""r-r-l"77-rr'7'7""T"7"""­

VI L -- ...:....L-........... ~'-'-'-..J...J.... ........... '-I l"~---'"l """ ........... '-'-'-'-'-...:....t..."-'-''-'-''..L...I-........ ~ 

VOH-
DOUT ------------------------ OPEN 

VOL --

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

• CS BEFORE RAS REFRESH CYCLE 

?AS vIH -­

vIL --

VOH -­
D8UT 

tOFF 

VOL -- -----., 

t?AS 

tCSR tCHR 

OPEN 

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

~ : "H" or "L" 

~ : "H" or "L" 

"TF" pin should be connected to V1UTFI level or open, if "Test Mode" 
is not used. 
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• HIDDEN REFRESH CYCLE (READ) 

AO-A9 

VOH -
DOUT -----------0 

vOL - tCLZ I 
i 

• HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 VIH 

VIL 

TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

tCHR tCRP __ ~ 

DOUT 
_____________ OPEN 

~ : IIHII or ilL'" 

NOTE: IITF" pin should be connected to ViL(TF) level or open, if IITest Mode" 
is not used. 
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IC511 002PI J/Z-85, IC511 002P 1 J/Z-1 0 
IC511002P/J/Z-12 

• CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ VIH­
RAS 

VIL --

• READ CYCLE 

VOL -

[ 

DOUT VOH-

WRITE VIH--~~~~~~~~~~~~~+-~--------------~~~~~~~~~ 

V IL - '-'-~~_'_'_~~,",,--,....I_I.'....L...I.:....L...'-.£...'-'-' 

• WRITE CYCLE 
VIH -

AO-A9 V I L -- _'_'_~~.:..J-'-'-~.L..L.._'_'_~.k...I...~-'-'-.J 1"---~ ""-"-....I......./.....L.../._'_''-'--'~C_'__'_'_'....L.../._'_''-'--'-'-''....L_L..J.. 

VOH -
DOUT -------------

VOL -

WRITE VIH­
VIL-~~~-'-'--'-'-~-'-'-~~~'....L...I.~~~r+--------------_r~~....L.../.....I-I.....I-I.....I-I.....I-I.~ 

VOH­
DOUT VOL _ --------------------------+----!-+---(V 

WRITE VIH-
VIL-~~~~~~~~~~~~ 

VIH-
DIN V I L - -'-'-~-'-'-_'_'_~.4.L-'-'-'_'_'U_<~'_'_''_'_''_'_''-L-i_L_i_L_LJ F'-----.>] "'-'-"....I_I.~~.J.....t...4-J-~ ............ 

~ : "H" or ilL" 

NOTE: "TF" pin should be connected to V,L(TF) level or open, if "Test Mode" 
is not used. 
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TC511 002P / J/Z-85, TC511 002P / J/Z-I 0 
TC511002P/J/Z-12 

DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC5I1000/l/2 is a CMOS DRAM organized as 1,048,576 words by I-bit. It is internally organized as 262,144 

words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 

same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

a For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 

TF Pin 

TF Pin 

An,Am 

Super voltage; Test Mode 

Low level or Hi-Z; Normal 

Truth Table in Test Mode Function 

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

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

TF 
VIH(TF) 

VIL( TF) 

Fig. 2 Test Mode Cycle 
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TC511002P/J/Z-85, TC511002P/J/Z-l0 
TC511002P/J/Z-12 

OUTLINE DRAWINGS 

• Plastic 01 P 

18 17 16 15 14 13 12 11 10 

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

2.54± 0.25 1.4 ± 0.15 

0.5±0.15 

ro 
c:i 

Unit in mrn 

7.6 2±0.2 5 

NOTE: Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longi­
tudinal position with respect to No.1 and No. 18 leads. 
All dimensions are in millimeters. 
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.. l·C'~I"P/~ .• ·· ..•.. ~(,~i.ti~1~1'; 
TC~tlOIJ~P/J/Z~;tt',:.:9;":~': . . '." 

• Plastic SOJ 

• Plastic ZIP 

17.02 

[ 26 25 2. 23 22 
DnOOO 

17.27 

18 1716 151.1 
OOnDO 

INDEX DOT 

9.5 - 9.9 

26.3MAX 

INDEX DOT 

d 

I I 

II o.5±o.1 I 127 TYP. 

1 :3 5 7 9 11 13 15 17 19 

o 
If) 

~ 

'I 

~ 
2 4 6 8 12 14. 16 18 ?O 

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

N 
d 
+l 
If) 

aj 

Unit in nun 

Unit in nun 

"<II 
«) 

aj 

I 
co 
t') 

aj 

o.25~gg~ 
Ilt127TYP --!.-.=I 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 
without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
DESCRIPTION 

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

The TC5ll002AP/AJ/AZ is the new generation dynamic Rili~ organized 1,048,576 words by 
1 bit. The TC5ll002AP/AJ/AZ utilizes TOSHIBA's CHOS Silicon gate process technology as 
well as advnaced circuit techniques to provide wide operating margins, both internally 
and to the system user. ~'lultiplexed 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 pi~ 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 

Tf'....511002AP/.A..J/AZ-'70/-8Q/-1O 

tRAC RAS Access Time 70ns 80ns lOOns 

tM 
Column Address 

3Sns 40ns SOns Access Time 
tCAc CS Access Time 20ns 20ns 2Sns 
tRC Cycle Time l30ns lSOns l80ns 

tsc 
Static Column 
~lode Cycle Time 40ns 45ns 55ns 

• Slngle power supply of 5V±10% wlth a 
built-in VBB generator 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 
DU '-S8 

-.v,r;:;:::: 7iR.i:':::'2 2 DOTJ':' 

?AE vu 
~ 

A9 N.C. 
A.9 

AS 

A7 AO AS 

Al A7 
A2 A6 
A3 A5 

"'lee A4 

PIN NAHES 
AO'\, A9 Address Inputs 

RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
CS Chip Select Input 
\.JRITE Read/Write Input 
VCC Power (+5V) 
VSS Ground 
TF Test Function 
:;r.C. ::-To Connection 

• Low Power 
440mt.J HA.:,{. Operating (TC5ll002AP/AJ/AZ-70) 
385mW ~~. Operating (TC5ll002AP/AJ/AZ-80) 
330mW ['~. Operating (TC5ll002AP/ AJ/ AZ-IO) 
5.5m\.J :lAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Cornmon I/O capability 
• Read-Modify-(.Jrite, 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: TC5ll002AZ 

BLOCK 0 IAGRA~l 

,\0 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
.'l9 AR?.AY 

I SCES~ATE alA.3 ~ '·'cc 
GENErATOR '188 
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ITEM SYHBOL RATING UNITS NOTES 
Input Voltage VIN -1'" 7 V 1 
Test Function Input Voltage VIN TF -1"'10.5 V 1 
Output Voltage 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 °c 1 
Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 
Power Dissipation PD 600 rnW 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECO~1MENDED DC OPERATING CONDITIONS (Ta=O'" 70°C) 
SYHBOL PARAHETER MIN. TYP. HAX. 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 
VIH(TF' Test Enable Input High Voltage VCC+4.5 - 10.5 V 2 
VIL (TF' Test Disable Input Low Voltage -1.0 VCC+O.1 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5±10%, Ta=O'" 70°C) 
SYHBOL PARAHETER IMIN. HA..'{. UNITS NOTES 

OPERATING CURRENT TS511002AP/AJ/AZ-70 - 80 
ICCI Average Power Supply Operating Current 

(RAS, CS, Address Cycling: tRC=tRC MIN.) 
TC511002AP/AJ/AZ-BO - 70 rnA 3,4 

ICC2 

ICC3 

ICC4 

ICC5 

ICC6 

II(L) 

IITF(L 

IO(L) 

ITF 

TC511002AP/AJ/AZ-10 - 60 
STA.!'IDBY CURRENT 
Power Supply Standby Current 
(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT TC 5l1002AP/AJ/AZ-70 _ 

Average Pmver Supply Current, RAS Only Mode TC5110C2AP/AJ/AZ-aO-

(RAS Cycling, CS=VIH: tRC=tRC MIN.) TC511002AP/AJ/AZ-1C -

STATIC COLUHN MODE CURRENT TC511002AP/,u/AZ-7c _ 

Average Power Supply Current, Static Column TC511002AP/AJ/A.Z-aC-

Hode (RAS=CS=V IL' Address Cycling: t SC=t SC MIN.) TC511002AP/AJ/AZ-10 -

STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CS=VCC-0.2V) 
CS BEFORE RAS REFRESH CURRENT __ 
Average Power Supply Current, CS Before RAS 
Hode (RAS, CS Cycling: tRC=tRC MIN.) 
INPUT LEAKAGE CURRENT (any input except TF) 
Input Leakage Current, any input 

TC511002AP/AJ/AZ-80 _ 

TC511002Ap/AJ/AZ-10 _ 

-10 
(OV ~ VIH ~ 6. 5V, All Other Pins Not Under Test=OV) 
INPUT LEAKAGE CURRENT (only TF) 
(OV~ VIN(TF) ~ VCC+0.5V, All Other Pins Not Under Test=OV) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ +5. 5V) 
TEST FUNCTION INPUT CURRENT 
(VCc+4.5V;;; V1N(TF) ;;; 10. 5V) 

OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5rnA) 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2rnA) 
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TC511002AP/Ad/AZ-70, TC511002AP/Ad/AZ-aO 
TC511002AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V cc=5V±10%, Ta=O'\, 70°C) (Notes 5, 6, 7) 

:-C511002 TC511002 TC511002 

SYMBOL PARAMETER AP / AJ/ AZ-70 AP/A.J/AZ-80 AP/A.J/AZ-1O UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tRWC Read-Write Cycle Time 155 - 155 - 210 - ns 
tsc Static Column Mode Cycle Time 40 - 45 - 50 - ns 

tSRWC 
Static Column Mode Read Write 70 - 80 - 100 - ns 
Cycle Time 

tRAC Access Time from RAS - 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 
tAUJ 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 - 5 - 5 - ns Column Address 

tmv Output Data Enable Time from 
20 25 HRITE - 20 - - ns 

tWOH 
Output Data Hold Time from 

0 0 0 HRITE - - - ns 

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 

tRASC RAS Pulse Width 70 10c),000 80 100,000 100 100,000 ns 
(Static Column Mode) 

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 Mode) 

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 
10 - 10 - 10 - ns (Static Column 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 

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

tAR Column Address Hold Time 80 90 115 ref erenced to RAS - - - ns 

tRAL Column Address to RA~ Lead Time 35 - 40 - 50 - ns 
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TC'5'11002AP / AJ/ AZ-l'O, TC511002AP/AJ/AZ~80 
TC511002AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
TC511002 TC511002 TC511002 

SYMBOL PARAMETER 11,.P/AJ/AZ....-rtO AP/AJ/AZ-80 AP/AJ/AZ-1O UNITS 
MIN. MAX. MIN. MAX. MIN. MA..X. 

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

t C1;.n. Write Command to CS Lead Time 20 - 20 - 25 - ns 
Last Write to Column Address 

20 30 20 35 25 45 tLWAD Delay Time 
ns 

Last Write to Column Address 
65 75 95 tAHLW Hold Time - - - ns 

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

0 - 0 - ns 

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

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

t\~CH \vrite Command Hold Time 15 - 15 - 20 - ns 

t lveR 
l;.Jri te Command Hold Time 
referenced to RAS 55 - 60 - 75 - ns 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tWl \vri te Command Inactive Time 10 - 10 - 10 - ns 
tRHL \vri te Command to RAS Lead Time 20 - 20 - 25 - ns 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 
tDH Data-In Hold Time 15 - 15 - 20 - ns 

tDHR 
Data-In Hold Time referenced 
to RAS 55 - 60 - 75 - ns 

tREF' Refresh Period - 8 - 8 - 8 ms 
tHCS Write Command Set-Up Time 0 - 0 - 0 - ns 

tCIID cs to WRITE Delay Time 
20 - 20 - 25 -(READ-WRITE CYCLE) ns 

tmID 
RAS to WRITE Delay Time 

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

tAWD Column Address to WRITE 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 -(CS before RAS Counter Test) ns 

tCPN CS Precharge Time 10 - 10 - 15 - ns 

tTES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 referenced to RAS - ns 

tTEHR Test Mode Enable Hold Time 
0 0 0 referenced to RAS - - - ns 

tTEHC 
Test Mode Enable Hold Time 

0 0 referenced to CS - - 0 - ns 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

CAPACITANCE (Vcc=sV±lO~~, f=lMRz, Ta=O'" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
Cn Input Capacitance (AO '" A9, DIN) - 5 
CI2 Input Capacitance (RAS, CS, I'JRITE, TF) - 7 pF 
Co Output Capacitance (DOUT) - 7 

~JOTES : 

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 any 8 RAS cycles 
before proper device operation is achieved. 
In case of using internal refresh counter, a mlnlmum of 8 CS Before RAS initial­
ization 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 lOOpF. 

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 tRCR or tRRR 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. twcs, tHCR, tmm, tam and tAlm are not r2strictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If twcs~ ~Tcs(min.) 
and tWCR ~ tHCR(min.), the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycles; If tRI.JD ~ tRHD(min.), 
tClm ~ tcwn(min.) and tAWD ~ tAlmCmin.), the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither or the above 
sets of conditions is satisfied, the condition of the data out Cat 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"Cmax.) limit insures that tRAcCmax.) can be met. 
tRADCmax.) is specified as a reference point only: If tRAD is greater than the 
specified tRP~Cmax.) limit, then access time is controlled exclusively by tAA' 

15. Operation within the tUIADCmax.) limit insures that tALwCmax.) can be met. 
tUIAD(max.) is specified as a reference point only: If tLWAD is greater than the 
specified tU~AD Cmax.) limit, then access time is controlled exclusively by tAA' 

16. tAR is the condition to latch column address when RAS has rised up. 
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rUlING HAVEFORrvJS 

READ CYCLE 

V
VIILH _-J~ 'RAS "~I------~ tR-----,p :L: N-: ------....:..::.:::---------·U tCSH .1 I 

I I I I I 
t I t tRAL I ~ I 

vIH -~ROWI ADD::S + /7"777"7"'7\ J: COLUMN ADDRESS -I l<;"""'71""";;;""'//;""";I;""'//;""";I;-:;//;""""""Ij;""" VIL-'~ ~ 
tAR I : 

I I tRAD tRSH I 
-I 

~ tRCD tCRP 
I ·1 

AO-A9 

OS VIH J ~ 
tcs I I· 

LltRCH' VIL - I tRCS I I ;71 I i 
I~ tRRH 

DOUT 

WRITE CYCLE (EARLY \~ITE) 

tRc l 
AO-A9 

DOUT 

VIH ----.l~, _. _______ t-.:.R=AS"---______ V~C-====t=RP=====;;~ 
vIL - - - I 

_~ 11-:-tRAH----tA-WR----~·I'CS¥1 I I 

V IH - J:--~CO=L-=:'!UM,..,.."N,-----s... 
ADDRESS 

~: "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if "Test 
~'fode" is not used. 
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TC511002AP/Ad/AZ-70, TC511002AP/Ad/AZ.80 
TC511002AP/Ad/AZ-l0 

READ-I,JRITE CYCLE 

'IIL -

tCAH 

"IH -
COLUMN ADDRESS 

I tClli' I 
• -I 

tAWD 

_ 'I I a - ~r-r-r-r-~;::;:;::;::;::;:;::;::~::t:::!======:::1 
-,1 RI l' E I I---t----+ 

: I 

;)OU1' 

tCSH II i I I 

~: "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 MODE READ CYCLE 

VIa 
RAS 

'IlL 

VIa 
AO-A9 

VIL 

VIa 
OS 

1[IL 

'1 Ia 
"YRITE 

1[IL 

tAR 

tcsa 

tCLZ 

tsc 

COLUMN 
ADDRESS 

tcsc 

COLUMN 
ADDRESS 

~: "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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TC51100ZAP/AJ/AZ"70, TC51100ZAP/AJ/AZ"80 
TC511 OOZAP/ AJ/ AZ-l 0 

STATIC COLUMN NODE ~VRITE CYCLE (EARLY I·JRITE) 

AO-A9 

cs vIH -

VIL-

WRITE VIH -

VIL -

DIN 
VIH -

VIL -

DOUT VOH -

VOL -
OPEN 

STATIC COLUMN HaDE tVRITE CYCLE (EARLY ~VRITE) 

AO-A9 

WRITE vIH-

vIL -

VIH 

vIL 

vOH 
DOUT VOL- OPEN 

~: "H" or "L" 

NOTE: "TI" pin should be connected to VIL (TF) level or open, 
if "Test Mode" is not used. 
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STATIC COLUMN MODE READ-WRITE CYCLE 

AO-A9 

VOH -
DOUT vOL _----~---------1-«/ 

STATIC COLUMN ~ODE READ/WRITE t-fIXED CYCLE 

AO-A9 

~VIH-­

vIL --

COLUMN ADDRESS CDWMN AIJI:i1ESS I 

DOUT 

VOH-- ________ -+ ______________ ~ 

vOL--

tsc teAR 

twp 

~OTE: "TF" pin should be connected to VIL(TF) level or open, if "Test 
Mode" is not used. 
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TC51;1082AP/AJ/AZ~11l, ·TC511002AP/AJiAZ·80 
rtSl1 002AP IAJ/AZ"I. 

BAS O}~Y REFRESH CYCLE 

tRC 

tRP 

vIH - tRAs 
RAS 

vIL -

vIH -
CS 

vIL -

vIH 
AO-A9 

vIL 

vOH -
DOUT o PSN 

vOL -

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

CS BEFORE BAS REFRESH CYCLE 

cs vIH -
vIL -

vOH -
DoUT 

vOL -

tRC 

~ ~ tRAS 

II 
I I 

I· 
tCSR 

II 
tCHR 

OPEN 

NOTE: HRITE="H" or "L", AO'VA9="H" or "L" E2Z3: "H" or "L" 

"TF" pin should be connected to V1L(TF) level or open, if 

"Test Mode" is not used. 
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TC511002AP1AdlAZ·10,TC511002AP/Ad/AZ~81J 
TC511002AP/Ad/AZ-l0 

HIDDEN REFRESH CYCLE (READ) 

AO~A9 VIH­

VIL -

I I tRC S II I I I I tRRH I 

,VRITE ~~: WI~ff4 I t~-'C =1 vJ7j!r02~~ff&0:l1awll; 
! tMC: I ,vSrr 

DOUT 
VOH - ~Lzi ~---'-!A-LI-D-D-AT-A --""",,,,' ~~-----

I 

HIDDEN REFRESH CYCLE (HRITE) 

F~I\S 

os 

DOUT 

V,E --4 tRC 1 t~,c I 
tRAS 

~: ~ 
tAJ{ 

• ! 

tRAS ~ V,L - I 

tCRPI . tRCD tRSH I I tCRR tCRP I 
VIE: - ' I 

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

E22J: "H" or "L" 

NOTE: "TF" pin should be connected to VIL(TF) level or open, if 
"Test Hade" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-l0 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

i\l. 

' tRAS ~d - tRP L 
VrR - ----., tRSR : I 

11--· ----a ·1 ~lIL -

! ,tOPT I' I' ~ I tORP a I 
VIa _ tOSR i tCHR tos 

CS I I· I ' • I 
'IIL - I 11------...,.- tAR 

AO-A~ ~~~ =0/ #d&fffi0!#ff ffff ~F-I ____ .--.-~ ,-..-r~ 

READ CYCLE 

DOUT VOR ---------+-+-+---<Y 
VOL -

VALID DATA i>+-+---
tROS I 

'lOR -
---------------~~~v 

VOL - t I I t 

I tAWD tRWL -=rr
ROS ~ I CLZ ~ I 

tOWD I ,tweR 

w RITE ~ ~~ - 0//7~"'i'i""':Wn7'1/;;.,...,..,~,...,..-rW7"'7'7'ij;-r-r;;;;7'"7'/»J-r-rm.,...,...,I/JA7----1:::==~~ 1#;~!I:;:;:W;::;:;:W:,..,...,.1/;;..,...,...,jjJ-,-r'W.,...,...,..~ 
~~' 

~~: jj/'7";0?""7"":0"'7'7077'm'"7'""'r0?""7""://;,.....,..,0/'7"11j;.,..,...,0,..,...,.!/"'7"r/ll.,....,.,..-:!/;,..,...,.ij/;~»;~~ ~!~.~D ~f'T'J'/I/;-rrI/;.,..,...,W;...,...,.W.,....,..-:I/;~/I/;-rrm~jJ 
E22J: "H" or ilL" 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if 
"Test Mode" is not sued. 
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DESCRIPTION OF THE TEST MODE FOR 1 M DRAMS 

The TC511000A/IA/2A is a CMOS DRAM organized as 1,048,576 words by I-bit. It is internally organized as 262,144 
words by 4-bit. 

The "Test Mode" function allows for a 1M DRAM to be tested Virtually as if it were a 256K DRAM. Figure 1 shows 

the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good deVice, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 
An,Am 

An,Am 

An,Am 

'--__ ---' IT 

TF Pin = Super voltage; Test Mode 

TF Pin = VIL (TF) level or Hi-Z; Normal 

Truth Table in ~est Mode Function . 
A B C D DOUT 
0 I 0 I 0 I 0 0 
1 j 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC51100ZAP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC5' lOOZAP/AJ/AZ-IO 

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

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

Rll.S 
vIE 1\ 1 VIL 

VIH 
CS 

VIL tTEHC(Ons) 

VIH(TF)-
TF 

VIL(TF)-

Fig.2 Test Mode Cycle 
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"" 'tC'5ll8\1_~!AJ1At~l~:': 

OUTLINE DRAWINGS 

Plastic DIP 

18 17 16 15 14 13 12 11 10 

~:: :'::::: f] 
1234567819 

2.54± 0.25 1.4 ± 0.15 

0.5 ±0.15 

m o 

Unit in mrn 

7.6 2±O.2 5 

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

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

All dimensions are in millimeters. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

Plastic SOJ 

Unit in mm 

17.02 -17.27 0.9 TYP. 

1"26 25 2. Z3 22 . lB 17 16 15 1: I 
nnnoo nOnO 

~ ~ 

~ ~ 
~ 00 

-4-1---- --I'-------__+_ l l 
o 00 

INDEX DOT ~ ~ 
~ ro 

9 10 11 12 13 

0.66-0.81 

~~J 
9.5-9.9 

Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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Plastic ZIP 

Unit in mm 

r::==_-___________ 2_6_.3_M_AX_· ____________ ~·1 
3.0 MAX. 

INDEX DOT 

II O.5±O~ 
I 025~g:g6 

1.27 TYP. 

v 

1.2 7 TYP. 

2.54, TYP. 

1 3 5 7 9 II 13 15 17 1 9 

~ 
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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IIISH IBAMOSMEMORYPRODUCTS 
262, 144WORD X4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

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

DESCRIPTION 

The TC514256P/J/Z is the new generation dynamic 
RAM organized 262,144 words by 4 bits. The TC514256 
P/J/Z utilizes TOSHIBA's CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC514256P/J/Z to be packaged in a standard 20 pin 

FEATURES 

• 262,144 word by 4 bi t organ ization 
• Fast access time and cycle time 

TC514256P/J/Z-85-1 () 12 

tRAC RAS Access Time 85ns lOOns 120ns 

tAA Column Address Access Time 45ns 50ns 60ns 

tCAC CA"S" Access Time 30ns 30ns 35ns 

tRC Cycle Time 165ns 190ns 220ns 

tpc Fast Page Mode Cycle Time 50ns 55ns 70ns 

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

PIN CONNECTION (TOP VIEW) 

Plastic DIP 

1/01 1 

1/02 
WRITE 

RAS 

N.C. aE 
AO 6 AS 
Al A7 

A2 A6 

A3 9 A5 

Vee 10 A~ 

PIN NAMES 

AO~A8 

RAS 

CAS 

WRITE 

OE 

1/01 ~ 1/04 

VCC 

Vss 

N. C. 

Plastic SOJ 

AO 

Al 
A2 
A3 

Vec 

Address Inputs 

AS 
A7 

A6 

A5 

A~ 

Row Address Strobe 

Column Address Strobe 

Read/Write Input 

Output Enable 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

Plastic ZIP 

plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZI P. 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 performance logic 
families such as Schottky TTL. 

• Low Power 
413mW MAX. Operating (TC514256P/J/Z-S5) 
35SmW MAX. Operating (TC514256P/J/Z-1 0) 
303mW MAX. Operating (TC514256P/J/Z-12) 
5.5mW 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 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/Sms 
• Package Plastic DIP TC514256P 

Plastic SOJ TC514256J 
Plastic ZI P TC514256Z 

BI,.OCK DIAGRAM 

AO 
Al 

A2 

A3 

A~ 

A5 

A6 

A7 

AS 

1/01 1/02 1/03 I/O~ 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 ~7 V 1 

Output Voltage V OUT -1 ~7 V 1 

Power Supply Voltage VCC -1 ~7 V 1 

Operating Temperature TOPR 0~70 °c 1 

Storage T emperatu re T STG -55 ~ 150 °c 1 

Soldering Temperature·Time TSOLOER 260·10 °C·sec 1 

Power Dissipation Po 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 

V IH Input High Voltage 2.4 - 6.5 V 2 

V IL 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 TC514256P/J/Z-85 - 75 

I CC1 Average Power Supply Operating Current TC514256P/J/Z-10 - 65 mA 3,4 
(RAS, CAS, Address Cycling: tRC= tRC MIN.) TC514256P/J/Z-12 - 55 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 2 mA 

(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT TC514256P/J/Z-85 - 75 

ICC3 Average Power Supply Current, RAS Only Mode TC514256P/J/Z-10 - 65 mA 3 
(RAS Cycling, CAS = V IH : tRC = tRC MIN.) TC514256P/J/Z-12 - 55 

FAST PAGE MODE CURRENT TC514256P /J/Z-85 - 55 

ICC4 Average Power Supply Current, Fast Page Mode TC514256P/J/Z-10 - 45 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc MIN.) TC514256P/J/Z-12 - 35 

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 mA 
(RAS = CAS = Vcc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC514256P /J/Z-85 - 75 

ICC6 Average Power Supply Current, CAS Before TC514256P/J/Z-10 - 65 mA 3 
RAS Mode (RAS, CAS Cycling: tRC= tRC MIN.) TC514256P/J/Z-12 - 55 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input (OV ;£ VIN ;£ 6.5V, All Other Pins -10 10 flA 

Not Under Test = OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 10 flA 
(DOUT is disabled, OV ~ VOUT ~ Vcc) 

VOH 
OUTPUT LEVE L 2.4 - V 
Output "H" Level VOLTAGE (IOUT=-5mA) 

IOL 
OUTPUT LEVEL 

- 0.4 V 
Output "L" Level VOLTAGE (lOUT = 4.2mA) 
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TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

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

TC514256P/ TC514256P/ TC514256P/ 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNIT NOTES 

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

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

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

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

tpRMW 
Fast Page Mode Read-Modify-Write 

110 - 115 - 140 -
Cycle Time 

ns 

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

tCAC Access Time from CAS - 30 - 30 - 35 ns 8,13 

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

tCPA Access Time from CAS Precharge - 45 - 50 - 65 ns 8,14 

tClZ CAS to Output in Low-Z 5 - 5 - 5 - ns 5 

t OFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

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

t RP RAS Precharge Time 70 - 80 - 90 - ns 

t RAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RASP RAS Pulse Width (Fast Page Mode) 85 100,000 100 100,000 120 100,000 ns 

t RSH RAS Hold Time 30 - 30 - 35 - ns 
--

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pu Ise Width 30 10,000 30 10,000 35 10,000 ns 

tRCD RAS to CAS Delay Time 25 55 25 70 25 85 ns 13 

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

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

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

tcp CAS Precharge Ti me (F ast Page Mode) 10 - 10 - 15 - ns 

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

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

t ASC Column Address Set-Up Time 0 - 0 - 0 - ns 

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

Column Address Hold Time referenced 
65 75 90 tAR 

to RAS 
- - - ns 

tRAl Column Address to RAS Lead Time 45 - 50 - .60 - ns 

t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 
r--

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

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

- - - ns 

t WCH Write Command Hold Time 20 - 20 - 25 - ns 
---.-f--

Write Command Hold Time referenced 
65 75 90 tWCR to RAS 

- - - ns 

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

tRWl Write Command to RAS Lead Time 20 - 25 - 30 - ns 

tCWl Write Command to CA"S Lead Time 20 - 25 - 30 - ns 

t DS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 
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TC514256P/ TC514256P/ TC514256P/ 
SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNIT NOTES 

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

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

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 12 

tcwD CAS to WR ITE Delay Time 65 - 65 - 75 - ns 12 

tRWD RAS to WR ITE Delay Time 120 - 135 - 160 - ns 12 

tAwD Column Address to WR ITE Delay Time 80 - 85 - 100 - ns 12 

tCSR 
CAS Set-Up Time (CAS" before 1i'AS" 

10 - 10 - 10 - ns 
Cycle) 

tCHR 
CAS Hold Time (CAS before RAS 

30 30 30 
Cycle) 

- - - ns 

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

tCPT 
CAS Precharge Time (CAS before RAS 

50 - 50 - 60 - ns 
Counter Test Cycle) 

tROH RAS Hold Time Referenced to OE 20 - 20 - 20 - ns 

tOEA OE Access Time - 25 - 25 - 30 ns 

tOED OE to Data Delay 25 - 25 - 30 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 25 0 25 0 30 ns -
from OE 

tOEH OE Command Hold Time 25 - 25 - 30 - ns 

SYMBOL PARAMETER MIN. MAX. UNIT 

C ll I nput Capacitance (Ao - As) - 5 pF 

C l2 Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF 

Co Output Capacitance (1/0 1 - 1/04 ) - 7 pF 
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NOTES: 

TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

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

2. All Voltages are referenced to Vss . 
3. I CCl , Icc3 , I CC4 , I CC6 depend on cycle rate. 
4. ICC1' Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200,us is required after power-up followed by 8 RAS cycles before proper device opera­

tion is achieved. In case of using internal refresh count€r, a minimum of 8 CAS before RAS initialization 
cycles instead of 8 RAS cycles are requ ired. 

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 V IH and VI L . 
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 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 WR ITE leading edge in 

read-modify-write cycles. 
12. twcs, tRwO, tcwo and tAwO are not restrictive operating parameters. They are included the data sheet as 

electrical characteristics only. If twcs ~ twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If tRWO~ tRwo(min.), tcwo ~ tcwo(min.) and 
tAWO ~ tAwo(min.), the cycle is a read-modify-write cycle and data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

13. Operation within the tRCO(max.) limit insures that tRAdmax.) can be met. tRCD(max.) is specified as a 
reference point only: If tRCO is greater than the specified tRCO(max.) limit, then access time is controlled by 
t CAC ' 

14. Operation within the tRAO(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 tRAO(max.) limit, then access time is controlled by 

t AA· 
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, ' 

, ~t_514a5,pl~ltt~a5~,ft'tl~2jlPliJtZ~'18;' 
'Tt5142S8P/~tZ·12 ' 

• READ CYCLE 

VIH -----~ tAR 
VIL __ I\I------.-:~---l 

AO-AS 
VIH -­

VIL--..t-L...4...L...L;T==~ 

tCSH 

1:RSH 

tCAS 

VIH--T.n7Tn7TTJ7Tn7~r---r------------~r-4-~n7I.M~~~~~ 

V IL -- ~..t....L..I.~'--'-k-'-'-'-~ 

V I H __ 7"'7""7.,.-r-~-rr-r"'rM-r-rr-r-r'~...,.-M-r-rT""> 
J\f---"--"~ 

VIL--~~~~~~~~~~~~---+-L~~~~LW~~LULL~LU~ 

VOH -----
1/01-1/04 VOL --

OPEN VALID DATA-OUT 

tCLZ 

[221 : "H" or "L" 

• WRITE CYCLE (EARLY WRITE) 

tRAS 

VIii -- tAR 

VIL --
tCSH 

VIH -
VIL -

VIH 

AO-AS VIL --

VIH __ 

V1L -

tWCR 

tRWL 

1/01-1/04 

:~: = II////J//III/JIIIII //!/ ///1////// ////J/II///// !I//IJ/ !IIII/!//lIl!l/l!Il7!l 
I ItDHR~ 

tDS ( tDH 

VOH --______ ~ ALID D;v;-IN __________ _ 

VOL- - -
OPEN 
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TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

• WRITE CYCLE (OE CONTROLLED WRITE) 

i-.O-A8 
V 1H _ ......,....,..-r-r-r""!"'\ ->:'-~--L 

vIL - ~~~ -'F==~ 

tCRP 

~:~ =WIm$//;/j///@/waJ; t~:L~AwJIIIlffl;7$!I/;/@j/.tI 
I~ , 

:/S2-1/04 

• READ-MODIFY-WRITE CYCLE 

tRWD tRWL 

V I H - ---+::====~===t:============::::i tW1' 

V I L _ t AA I~--:,-=--=--=-~~W-J...."-'-'-J...J....J.~W-J....~.k 
V I H - ..........,....rr-r-r-r-t-'r-r-,............,.....,........,....,.....,..,.....,...,...,:...,.... ....... 

V1L-~~"-'-'-~~~"-'-'-J...J....J.~~~+-~ 

1/01-1/04 V1/0H -------__ ~-..{I/ 
V1/0L - 1'==-:..:..:.......:~ 
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• FAST PAGE MODE READ CYCLE 

AO-A8 

VIH -

VIL -

VIH -

VIL -

VIH -
VIL -..L..J....I...J....I...J.T-"'...t..J 

VIH -

VIL -~~~~~~~~~~~--T_~~~~~~~--4_~~~~~..L..J.~F_~~~~~~~..L..J.~~ 

I/Ol-I/04 VOH ------------<1/ 
vOL -

• FAST PAGE MODE WRITE CYCLE 

AO-A8 

WRITE 

OE 

1/01-1/04 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

~ : "H" or "L" 
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lC514256P/ J/Z-85, lC514258P/J/Z-10 
TC514256P / J/Z-12 

• FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

CAS 

AD-AS 

WRITE 

OE 

1/01 
\ 

1/04 

VIH 

VIL 

VIH 

VIL 

VIE 

VIL 

VIH 

VIL 

.----, tRASP I ~ 

~r---------------------________________ ~~lltRP~ r=-
tCSH 

tpRMW 

[ZZL1 : "H" or "L" 
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• RAS ONLY REFRESH CYCLE 

VIH --------~~~~------------------------------~--~--~r-----------

V IL --___ ---I 

VIH--~~~~~=i1==J-r~~~~~~~~~~~~~~~~~~~~ r-----------
AO-A8 

V I L -- :....L-L..J.....L...L...I....U j':=--__ ~ ""~J...J....J...L..r......r...L../....I.'.....l_/....J...J..~.r......r...L../....I.'.....l_/....J...J....I....L.LL.L../....I.'.....l_/....J...J...JJ '-__________ _ 

NOTE: WR ITE, OE = Don't care 
~ "H" or "L" 

• CAS BEFORE RAS REFRESH CYCLE 

tCHR 

V OH -- ------...;..----"L 

I/01-I/04 I~------------------------
Vo L -- ______ ~ 

OPEN 

NOTE: WRITE, OE, AO ~ AS = "H" or "L" ~ "H" or "L" 
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• HIDDEN REFRESH CYCLE (READ) 

AO-A8 

VIL -

WRITE 
VIE -

VIL -

OE VIH -
VIL -

VOH -
I/01-I/04 ----------------~ 

TC514256P /J/Z-85, TC514256P/ J/Z-l 0 
TC514256P/J/Z-12 

tOEZ 

VJ..LID D.?TA-OUT 

~ : "H" or "L" 
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• HIDDEN REFRESH CYCLE (WRITE) 

t 

VIH- ROW 
AO-A8 ADD ADDRESS 

V
,L 

- I twes 1=--, ....,..-, ~t~C~H l~ J~~I-/...J......J.~~ 

WRITE ::: ;JJJ//J//!&lli twp 1;/J/l/llII/J/!I/IJ/I///J/////////!///////////J/; 
I I I 
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TC514256P / J/Z-85, TC514256P / J/Z-l 0 
TC514256P/J/Z-12 

• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -
RAS 

vIL -
tCPT 

VIH - tCHR 
CAS 

VIL-

AO-AS 

• READ CYCLE 

tCLZ 

L r/01-I/04 
VOH-

--r-- OPEN --+--~---(IJ 
VOL-

• WRITE CYCLE 

r"nITE 
I OE 

lVOI-V04 VIH-

VIL-
-- OPEN 

• READ-MODIFY-WRITE CYCLE 
tCWD 

vIE _~~~~~~~:W=:======:::=:-j 
VIL-~~~'....I..J-L.J-.L...L.J....L....L..I....J...I 

V IH _ .......,....,..r-r-r-:-r...,....,....,...--.-.-.-.-r-r-r-r-~~~ 

VIL - J....J....J....r....t.....J...~L..L.L.LJ..~L.J....L./....J..J....J....LL.~---+--' 

l 
VI/OH_ 

1/01-1/04 ---------<1 
VI/OL-

VALID DATA-OUT 
~ : "H" or "L" 
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OUTLINE DRAWINGS 

• Plastic 0 I P 

247MAX 

~~~t-----------------------' 
::s 
o 
It) 

Z 
H 

::s 
~1-~~~~~~~~~=1~c=~==+ 

1.4 ± 0.15 

NOTE: Each lead pitch is 2.54mm. 

Unit in mm 

7.62±O.25 

,~ I 
" 0' I + 0.1 I 0.25_ 0.05 

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 

17.02 - 17.27 

I 

TC514256P '.I'Z-a5, TC514256P' d'Z-l 0 
TC51425&P/d/Z-12 

INDEX DOT 1-

0.66-0.76 

NOTE: Each lead pitch 1.27mm. 
All dimensions are in millimeters. 
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• Plastic 21 P 

26.3MAX 

INDEX DOT 

d 

o.5±o.l 

2 4 6 8 

1.2'7 TYP. 
I 

12 14 16 18 20 

Unit in mID 

~ 
10 
rl 
d 
rl 

N 
d 
+I 
10 
oj 

12'7TYP 

2.54TYP 

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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262,144 WORDx4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

TC514256Pl/ J l/ZL -85, TC514256Pl/J l/ZL -10 
TC514256Pl/ Jl/ZL -12 

·DESCRI~TION 
The TC514256PL/J UZL is the new generation dyna­

mic RAM organized 262,144 words by 4 bits. The 
TC514256PUJUZL utilizes TOSHIBA's CMOS Silicon 
gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both in­
ternally and to the system user. The TC514256PUJUZL 
is· suited for use in low power applications where battery 
operation and battery back up for nonvolatility are re­
quired. Multiplexed address inputs permit the TC514256 

FEATURES 
• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

TC514256P /J/Z-85-1 0-12 

tRAC RAS Access Time 85ns lOOns 120ns 

tAA Column Address Access Time 45ns 50ns 60ns 

tCAC CAS Access Time 30ns 30ns 35ns 

tRC Cycle Time 165ns 190ns 220ns 

tpc Fast Page Mode Cycle Time 50ns 55ns 70ns 

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

generator 

Plastic DIP Plastic SO] 

VSS VSS 

1/04 1/04 

WRITE :I 1/03 1/03 

RAS 4, CAS CAS 

N.C. OE OE 

AO 6 A8 AO A8 
A1 7 A7 A1 A7 
A2 8 A6 A2 A6 
A3 A5 A3 A5 

vee 10 A4 vec A4 

PIN NAMES 

AO-A8 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadlWrite Input 

OE Output Enable 

1/01 - 1/04 Data Input/Output 

Vcc Power (+5V) 

Vss Ground 

Plastic ZIP 

OE -lJ [~ CAS 

1/03 ~~ [~ 1/04 

VSS ~J [~ 1101 
1/02 -7] [~ WRI T E 
RAS pJ 

AO ~] [2 A1 

A2i~~A3 
VCC ~ ~? A4 

A5 i::-; [JB A6 

A7 ~ [~ A8 

PUJ UZL 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 
families such as Schottky TTL. 

• Lower Power 
413mW MAX. Operating (TC514256PUJL/ZU85) 
358mW MAX. Operating (TC514256PUJUZL-10) 
303mW MAX. Operating (TC514256PUJUZL-12) 
1.7mW 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 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/64ms 
• Package Plastic DIP TC514256PL 

Plastic SOJ TC514256J L 
Plastic ZI P TC514256ZL 

AO 
Al 
A2 
AJ3 
M 
AB 
A6 
A7 
1'.8 

N.C. No Connection -A-205 -



ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V 1N -1 "'7 V 1 

Output Voltage V OUT -1 "'7 V 1 

Power Supply Voltage VCC -1 "'7 V 1 

Operating Temperature T OPR 0"'70 °c 1 

Storage Temperature T STG -55'" 150 °c 1 

Soldering Temperature' Time T SOLDER 260'10 °C'sec 1 

Power Dissipation PD 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 

V 1H Input High Voltage 2.4 - 6.5 V 2 

V 1L Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARActERI$TIC$c (Vcc = 5V ± 10%, Ta = 0'" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC514256PL!J L!Z L-85 - 75 

ICC1 Average Power Supply Operating Current TC514256PL!JL/ZL-l0 - 65 mA 3,4 
(RAS, CAS, Address Cycling: tRC= tRc MIN.) TC514256PL/J L!ZL-12 - 55 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 
(RAS = CAS = V 1H ) 

RAS ONLY REFRESH CURRENT TC514256PL!JL!ZL-85 - 75 
ICC3 Average Power Supply Current, RAS Only Mode TC514256PL/J L!ZL-1 a - 65 mA 3 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) TC514256PL!JL/ZL-12 - 55 
FAST PAGE MODE CURRENT TC514256PL!J L!Z L-85 - 55 

ICC4 Average Power Supply Current, Fast Page Mode TC514256PL!JL!ZL-10 - 45 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc MIN. TC514256PL!JL!ZL-12 - 35 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 300 pA 
(RAS = CAS = Vcc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC514256PL!JL!ZL-85 - 75 

ICC6 Average Power Supply Current, CAS Before TC514256PL/JL!ZL-l0 - 65 mA 3 
RAS Mode (RAS, CAS Cycling: tRC= tRC MIN.) TC514256PL/J L!ZL-12 - 55 

BATTERY BACK UP CURRENT 
Average Power Supply Current, BATTERY BACK UP 

leC7 Mode (CAS = CAS Before RAS Cycling or 0.2V, OE = Vcc -0.2V - 300 pA 3,5 
WRITE = Vcc-0.2V or 0.2V, A O-8 = Vcc-0.2V or 0.2V, 1/01-4 = VCC 
-0.2V, 0.2V or OPEN: tRC = 125J.l.S, tRAS = tRAS MIN. '" lJ.l.S) 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input (OV ~ VIN ~ 6.5V, All Other Pins -10 10 pA 

Not Under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 pA 
(DOUT is disabled, OV ~ VOUT ~ Vcc) 

VOH 
OUTPUT LEVEL 

2.4 - V 
Output "H" Level VO L T AG E (lOUT =-5mA) 

VOL 
OUTPUT LEVEL - 0.4 V 
Output ilL" Level VOLTAGE (lOUT = 4.2mA) 
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TC514256PUJUZL-85, TC514256PL/JUZL-l0 
TC514256PUJUZL-12 

E'lECTRICAlCHARAC:rERIS:rICS ANDRECOMMENDEDAC OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0""" 70°C) (Notes 6, 7,8) 

TC514256PL/ TC514256PL/ TC514256PL/ 
SYMBOL PARAMETER J L/ZL-85 JL/ZL-l0 JL/ZL-12 UNIT NOTES 

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

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

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

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

tpRMW 
Fast Page Mode Read-Modify-Write 

110 - 115 - 140 - ns 
Cycle Time 

tRAC Access Time from RAS - 85 - 100 - 120 ns 9,14 

tCAC Access Time from CAS - 30 - 30 - 35 ns 9,14 

tAA Access Time from Column Address - 45 - 50 - 60 ns 9,15 

tCPA Access Time from CAS Precharge - 45 - 50 - 65 ns 9,15 

tCLz CAS to output in Low-Z 5 - 5 - 5 - ns 6 

tOFF Output Buffer Turn-off Delay 0 30 0 30 a 35 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8 

t RP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RASP RAS Pulse Width (Fast Page Mode) 85 100,000 100 100,000 120 100,000 ns 

t RSH RAS Hold Time 30 - 30 - 35 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 30 10,000 30 10,000 35 10,000 ns 

tRCO RAS to CAS Delay Time 25 55 25 70 25 85 ns 14 

t RAO RAS to Column Address Delay Time 20 40 20 50 20 60 ns 15 

t CRP CAS" to RAS Precharge Time 10 - 10 - 10 - ns 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

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

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

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

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

Column Address Hold Time referenced 
65 75 90 tAR to RAS 

- - - ns 

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

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

tRCH Read Command Hold Time 0 - ° - ° - ns 11 

Read Command Hold Time referenced 

° 0 ° tRRH to RAS 
- - - ns 11 

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

Write Command Hold Time referenced 
65 75 90 tWCR to RAS 

- - - ns 

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

t RwL Write Command to RAS Lead Time 20 - 25 - 30 - ns 

Write Command to CAS Lead Time 
----- r------~ t---

tCWL 20 - 25 - 30 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 12 

tOH Data Hold Time 20 - 20 - 25 - ns 12 
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TC514256PL/ TC514256PL/ TC514256PL/ 
SYMBOL PARAMETER JL/ZL-85 JL/ZL-l0 J L/ZL-12 UNIT NOTES 

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

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

t REF Refresh Period - 64 - 64 - 64 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 13 

tcwD CAS to WR ITE Delay Time 65 - 65 - 75 - ns 13 

tRwD RAS to WR ITE Delay Time 120 - 135 - 160 - ns 13 

tAWD Column Address to WR ITE Delay Time 80 - 85 - 100 - ns 13 

tCSR 
CAS Set-Up Time (CAS before RAS 

10 - 10 10 
Cycle) 

- - ns 

tCHR 
CAS Hold Time (CAS before RAS 

30 30 30 
Cycle) 

- - - ns 

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

tCPT 
CAS Precharge Time (CAS before RAS 

50 - 50 - 60 - ns 
Counter Test Cycle) 

tROH RAS Hold Time referenced to OE 20 - 20 - 20 - ns 

tOEA OE Access Time - 25 - 25 - 30 ns 

tOED OE to Data Delay 25 - 25 - 30 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 25 0 25 0 30 ns 
from OE 

tOEH OE Command Hold Time 25 - 25 - 30 - ns 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (Ao ,..", As) - 5 pF 

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

Co Output Capacitance (1/0 1 ,..", 1/04 ) - 7 pF 
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NOTES: 

TC514256PU JUZL-85, TC514256 Pl/JUZL -10 
TC514256PUJL/Z~12 

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' IcC7 depend on cycle rate. 
4. ICC1' Icc4 depend on output loading. Specified values are obtained with the output open. 
5. tRAS(max.) == h(s is only applied to refresh of battery-back up. tRAS(max.) = lO/.1s is applied to functional 

operating. 
6. An initial pause of 200/.1s is required-after power-up followed by 8 RAS cycles before proper device opera­

tion is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initial ization 
cycles instead of 8 RAS cycles are required. 

7. AC measurements assume h = 5ns. 
8. V IH (min.) and V 1L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V IH and VI L . 

9. Measured with a load equivalent to 2 TTL loads and 100pF. 
10. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition and is 

not referenced to output voltage levels. 
11. Either t RCH or tRRH must be satisfied for a read cycle. 
12. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE leading edge in 

read-modify-write cycles. 
13. twcs, tRwD, tCWD and tAwD are not restrictive operating parameters. They are included the data sheet as 

electrical characteristics only. If twcs ~ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If tRWD~ tRwD(min.), tCWD ~ tcwD(min.) and 
tAWD ~ tAwD (min.), the cycle is a read-modify-write cycle and data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

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

tCAC' 
15. Operation within the tRAD(max.) limit insures that tRAdmax.) can be met. tRAD(max.) is specified as a 

reference point only: If tRAD is greater than the specified tRAD(max.) limit, then access time is controlled by 
tAA. 
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• READ CYCLE 

tRC 

tRAS 

VIH - tAR 

VIL -
tCSH 

tRSH 

VIH - tCAS 
VIL -

tRAL 

AO-A8 VIH - / 
VIL -

V1H -7n7!J7T,n7ntr.n~~-+--------------~4-~~~~~~~~ 

VIL -- tROH I I tAA 

VOH --
1/01-1/04 VOL _--- OPEN 

I tcLZ I 
VALID DATA-OUT 

fZZZ1 : "H"or"L" 

• WRITE CYCLE (EARLY WRITE) 

AO-A8 

t?P 

VIH _-----...,.L tAR 
VIL _ /\1---------=-::::..:...--.-----1 

V IH - ............. ........,...., ........ .e:--~~,...~ .b~--!----::L rr-r~_rr7~-r-+-........_r_.,.........,....,_.,_r~_r_r_l........,...,,....,....,.... 

V I L - ~-'-'-'-J..I ");:.~.=:.r- "",,..JJ 1----=.;==..;;..----t- U-"'-'-'-'-~.I-L.1....i..Li....L..(....!.'...i...k-~t....i...i....L.L.L.Lt...L...J...J.J.I 

VIH -~...,......,....~~,....,....:.,...,.....,....". 

V I L _ 1\i---4--!.L1.-f----l.1 

tWCR 

:~~ -11//////////1/ !//////J//////IJ/!l////////J// /II/II)!}/!! ///// /!I////Zi 
I ItDHR~ 

tDS ~ tDH 
V1H -

1/01-1/04 -------- VALID DATA--! ~---------- OPt:N 
VIL - - -
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TC514258PU JL/ll-85, TC514258PL/ JUlL-l0 
TC514258PU dUll-12 

• WR ITE CYCLE (OE CONTROLLED WRITE) 

tCSH 

AO-A8 
VIH - '/ 

v I L - ~i.....i.J l'=-------" / I 

~:~ _11//!I§ $//1/11 !ll/J/!//Id: ::R~~lIIJff!l/ijJ/J/PI @il@ 
I I ItOEH I I 

~: IIHI! or IILI! 

• READ-MODIFY-WRITE CYCLE 

AO-A8 

VIH ------:i.I,I----__ t=AR_~ 
VIL -

tRMW 

t:;AS 

tCSH 

VIH ----+-----+--+--------:1.-1 

VIL -
1'f---~_iJ 

V I H - ~~""':""""--"-'-'--'-7-r-r-7-r-rl-7""7""'l\ 

V IL - ..I...J...I...J-'-'-'-'~~~t...../...-.L..~~:------' 
~~ 

VI/OH -
I/Ol-I/04 ------+---<1, 

VI/OL - 1"----'" 
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• FAST PAGE MODE READ CYCLE 

RAS 
VIH 

VIL 

VIH 
CAS 

VIL 

AO-A8 
VIH 

VIL 

WRITE 
VIH 

VIL 

OE 
VIH 

VIL 

I/01-I/04 VOH 
VOL 

• FAST PAGE MODE WRITE CYCLE 

AO-A8 

WRITE 
VIH 

VIL 

OE 
VIH 

VIL 

V1H 
I/O 1-1/04 VIL 

~: "H" or "L" 
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• RAS ONLY REFRESH CYCLE 

AO-A8 

TC514258PL/ Jl/ZL-85, TC514256 PLf J UZL·1 0 
TC514258PL/ JLfZl-12 

NOTE: WR ITE, OE: "H" or "L" f22LJ: IIH" Or ilL" 

• CAS BEFORE RAS REFRESH CYCLE 

tRC 
tRP tRP 

V1H tRAS 
RAS 

v1L 

tCHR 
V1H 

CAS 
V1L 

VOH 
1/01-1/04 OPEN 

VOL 

NOTE: WRiTE, OE, AO ~ A8: "H" or "L" ~ : 'H' or 'L' 

-A-213-



• FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH 
CAS 

VIL 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

VIH 
OE 

VIL 

1/01 VI/OH 

1/04 VI/OL 

----, tRASP r 
\ ~\. 

tCSH 
tpRMW tRSH 

tRCD tCAS tcp L tCRP 
~ tCAS ~ tCAS 1\\ VI ~ V 1\ V \ 

,-;'iWi 
tRAL 

~~ 
~ ~ tASC tCAr! tASC tCA 

JPIy/111111111111111111 IlL ROW1(). ~g~ YI////////~ ~TW////////;X I\DD 
F----'I 

tRWIJ ,I tcwn 
tRWL 

~ 
tCWL tCWL I 

tCWD tCWL tCWD II 

/!!!Jjjf tAWD 1\ ~ 
tAwD 1\ tAWD ~lk f-

twp 
~ 

tA.'" 

tOSA J tOEA I tOEA 

\l i ~ I 
r--

V tQ~ tc PA 
t P 

I t~ED 
1-

~ 
I'---" 

tCAC tCAC 
~ f--- tOEZ' 

tOEZ _ ~ toEZ 
I-~ 

tRAC tDS 
!._-

-~-
tDS 

~r.~~a=-
tDH 8 K~ :x .....---: 

~ ~~~ ~ IN V q ~ 

tCLZ tcLZ tCLZ 

OUT OUT OUT 

E22Z): IIH" or ilL" 

-A-214-



• HIDDEN REFRESH CYCLE (READ) 

AO~A8 

tRAC 

I/ul~I/04 vOL _ 

TC514256PU dL/lL -85, TC514258PL/ JUll-l 0 
TC514256PUJUlL-12 

tCHR 

I 

tCRP 

W//lJI!!/I/I/I!I//////////!!/!!/I///////; 
I 

VALID DATA-OUT 

~: I1H" Or "LII 
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• HIDDEN REFRESH CYCLE (WRITE) 

O~ ::: _ 'l////!/ IIII//J//J////// III! I////!/ ////II! III J/! II! III JIll III! !III/ 111/// /lZ 
I tDS 

I/O I-I/O 4, V IH -~ J::-----!-~______:ol rr-rT7I"r-r-r-TT7"~/TTTTT"",r-rT"T"TT7~~~1 II 
VIL -'~I=---_~~~~~~~'...!....!....!~I/ 

tDHR 

~: "H" or "L" 
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TC514256PL/ JL/ZL-85, . TC514256 Pl/JL/Zl-10 
TC514256PL/JL/ZL-12 

• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-AS 

• READ CYCLE 

VIH 
WRITE 

VIL 

OE VIH 

VIL 

V01~I/04 OPEN VALID DATA-OUT 

• WR ITE CYCLE tcWL 

VIH tWCH 
WRITE 

VIL 

OE 
VIH 

VIL 

I ' I I = IJ !III)! !!I///II! //IJ/// J//////J// //II 1I!1f//// J//J//J/ //II III! !I//I II 
VIR 

1/01-1/04 OPEN 
VIL tCWL 

• READ-MODIFY-WRITE CYCLE 

VIH 
WRITE 

V1L 

VIR 
OE 

VIL 

VI/OH 
I/01~I/04 

VI/OL 

J::.----+-+-------.. --

VALID DATA-OUT 

~: IIHII or IILIi 
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OUTLINE DRAWINGS 

• Plastic 0 I P 

Unit in mm 

24J'MAX 7.62± 0.25 

>< 
~ 
:::E 
0 .n I , 
z 'II I 
H III 1,1 :::E 

l/ 1\ It) 

N 

0,5 ±015 2,54± 0,25 II +01 .. 025_ 005 

1,4±O~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. 20 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 

TC514256PL/JL/ZL~85, TC514256Pl/Jl/Zl;.lO 
TC514258PUJL/ZL-12 

1 7.0 2 - 1 7.2 7 

INDEX DOT -r---
1 2 3 4 5 9 1011 12 13 

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

2!i:3MAX • I 
'I' 

INDEX DOT 

d 

o.5±o.l 127 TYP. 

1 :3 5 7 9 11 13 15 17 19 

~ 
2 6 8 12 14 16 18 20 

~ 
co 
rl 
d 
rl 

N 
d 
+l 
If) 

a:l 

Unit in rom 

127TYP 

2.54TYP 

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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'JOSHIBAlVltsMEMORY PRODUCTS 
DESCRIPTION 

TC514256AP / AJ/ AZ-70, TC514256AP / AJ/ AZ-aO 
TC514256AP/AJ/AZ-l0 

The TCS142S6AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TCS14256AP!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 TC5l4256AP/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 SV±lO% tolerance, direct interfacing capability with high per­
formance logic families such as Schottky TTL. 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

'I' C 514256 AJ?/ AJ/AZ -'70/-00/ -10 

tRAC RAS Access Time 70ns 80ns 

tM Column Address 35ns 40ns Access Time 
tCAC CAS Access Time 20ns 20ns 
tRC Cycle Ti111e 130ns ISOns 

tpc Fast Page Mode 
40ns 45ns Cycle Time 

" • Slngle power supply of SV±lO% wlth a 
built-in VBB generator 

PIN Cml~lECTION (TOP VIElV') 

lOOns 

SOns 

25ns 
190ns 

5Sns 

Plastic DIP Plastic SOJ Plastic ZIP 
YOl 

:/02 

77F.:::E 

..1.0 

Al 

'fcc 

PIN NAMES 
AO 'V A8 

RAS 
CAS 
IVRITE 
OE 

1/01 'V 1/04 

VCC 
VSS 
:J.C. 

·;82 
:/01 'lss 

:/04 1/02 1/04 

:/03 
-,'IF.~TS 1/03 

:cAS CAS 
CAS CE 
::'E 

.AS AO AS 
Al ..1.7 

.->..7 A2 .->..6 

.->..6 ..1.3 A5 

A5 Vee A4 

M 

Address Inputs 
Row Address Strobe 

Column Address Strobe 
Read/Write Input 
Output Enable 
Data Input/Output 
Power (+5V) 
Ground 
No Connection 

C-\S 

:/04 

1/01 

• Low Power 
440mW MAX. Operating(TC5l4256AP/AJ!AZ-70) 
385mW MAX. Operating (TC5l4256AP!AJ!AZ-80) 
330mlv MAX. Operating(TCS14256AP!AJ!AZ-IO) 
5.Smlv 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 ~ode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC514256AP 

Plastic SOJ: TC5l4256AJ 
Plastic ZIP: TC5l4256AZ 

BLOCK DIAGRAM 

AO 

A.l 

A2 

A;!; 

..1.4 

A5 

..1.6 

..1.7 

A8 

:,JE,l.lORY 

AEAAY 

3tIBSTAA'IE 3LAS 
GENERATCF. 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS :lOTES 
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 °C·sec 1 
Power Dissipation PD 600 rnW 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcom·1ENDED DC OPERATING CONDITIONS (Ta=O'V 70°C) 
SYl1BOL 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 CHARACTER! STICS (Vcc=5V±10%, Ta=O'V 70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC5JA253AP/AJ/AZ-70 - 80 
ICCl Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC5JA253AP/;";/AZ -10 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TC51425SAP/AJ/AZ -70 -

ICC3 Average Power Supply Current, RAS Only Mode TC5J.42.:6AP/AJ/AZ-80 -

ICC4 

ICC5 

ICC6 

II(L) 

IO(L) 

(RAS Cycling, CAS=V IH: tRC=tRC MIN.) TC5.1.4.Ztl3AP/AJ/AZ-IO -

FAST PAGE MODE CURRENT TC5l42.:6AP/A.:"/AZ-70 -

Average Power Supply Current, Fast Page Hode TC5J.4Z:6AP/A.:"/AZ-BO 

(RAS=VIL' CAS, Address Cycling: tpC=tpc MIN.) TC5MZ':6AP/AJ/AZ-IO 

STANDBY CURRENT 
Power Supply Standby Current 

(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TC514.2::6AP/A.:/AZ-70 

Average Power Supply Current, CAS Before TC 5JA.?B3AP/ A.:/ A2 -80 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) TC5~AP/AJ/AZ-10 

INPUT LEAKAGE CURRENT 
Input Leakage Current, any input 
(OV; VIN; 6 .SV, All Other Pins Not Under Test=OV) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT; VCe) 
OUTPUT LEVEL 
Output "H" Level VOLTAGE (IOUT=-5rnA) 

OUTPUT LEVEL 
Output "L" Level VOLTAGE (IOUT=4. 2rnA) 
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TC514256AP I AJI AZ .. 10, TC514258AP I AJ/AZ-aO 
TC514256AP I AJI AZ-l a 

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

TC5l4256AP TC5l4256AP TC5l4256AP 
SYHBOL PARAMETER -70 -80 -10 UNIT NOTES 

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

tRC Random Read or tvrite Cycle Time 130 - 150 - 180 - ns 

tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tp&"1W 
Fast Page Mode Read-Modify- 95 - 100 - 115 - ns 
Write Cycle Time 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 
t CAC Access Time from CAS - 20 - 20 - 25 ns 8,13 

tM 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 ° - 0 - ° - ns 5 

tOFF Output Buffer Turn-off Delay ° 20 ° 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 
t RAS RAS Pulse hTidth 70 10,000 80 10,000 100 10,000 ns 
t RASP RAS Pulse Width (Fast Page Mode) 70 100,000 80 ..LOO,OOO 100 100,000 ns 
t RSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse I-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 

tcp 
CAS Precharge Time 

10 10 10 
(Fast Page Mode) 

- - - ns 

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

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time 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 Time 35 - 40 - 50 - ns 
tRCS Read Command Set-Up Time 0 - ° - 0 - ns 
t RCH Read Command Hold Time ° - a - 0 - ns 10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
TC5l4256AP TC5l4256AP TC5l4256AP 

SYMBOL PARAMETER -70 -80 -10 UNITS NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRRR 
Read Command Hold Time 

0 0 0 10 
referenced to RAS - - - ns 

tWCR Write Command Hold Time 15 - 15 - 20 - ns 

Write Command Hold Time 
55 60 75 tWCR referenced to RAS 

- - - ns 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write ConlIIland to RAS Lead Time 20 - 20 - 25 - ns 

tct.JL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 15 - 15 - 20 - ns 11 

tDHR Data Hold Time referenced to 55 60 75 
RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs tVrite Command Set-Up Time 0 - 0 - 0 - ns 12 

tCw1) CAS to IVRITE Delay Time 50 - 50 - 60 - ns 12 

tRWD RAS to WRITE Delay Time 100 - 110 - 135 - ns 12 

tAWD Column Address to WRITE Delay 65 - 70 85 12 
Time - - ns 

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

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

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 Time from OE ns 

tOER OE Command Hold Time 20 - 20 - 25 - ns 

CAPACITANCE (VCC=5V±10%, f=lMRz, Ta=O 'V 70°C) 

SYMBOL PARAMETER MIN. MA..'\:. UNIT 
Cn Input Capacitance (AO 'V A8) - 5 pF 
Crz Input Capacitance (RAS, CAS, VJRITE, OE) - 7 pF 

Co Input/Output Capacitance (1/01 'V 1/04) - 7 pF 
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010TES: 

TC514256AP/AJ/AZ-70, TC514256AP I Adl AZ-80 
TC514256AP/AJ/AZ-l0 

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' I CC4' ICC6 depend on cycle rate. 

4. ICCl' ICC4 depend on output loading. Specified value 
output open. 

5. An initial pause of 200ws 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.) 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 l,lRITE leading edge in read-modify-write cycles. 

12. tHCS, tRIm, tClm and tAlm 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 tmm ~tRlm(min.), tClm ~ tClm(min.) 
and tAlm ~ tAlm(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 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 tRCn(max.) limit, then access time is controlled by tCAC' 

14. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA' 
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READ CYCLE 

AO-A8 

~~~ = 11 1II/J/;/////!J11 1VJZ0iffiZ<;j;)/>;) 
I I~--~~--~ 

OE VIH - / 
VIL--~~~~~~~~~~=-____ ~~~~~~~~~~~~ 

tCAC !i I ! tOFF I 

1--_--=-tRA.::.::.C~~_--:-_! Ito EZ 

I/01-I/04 ~;~~ =--- OPEN -----W{ 'lALID DATA-OUT )r---------
tCLZ I' I f WJ: "H" or "L" 

HRITE CYCLE (EARLY t-TRITE) 

------~J,!~~i __________ t~R~AS~ ______ ~ 
RAS vIH 1t tAR 

'TIL -- I ~i ________ ~-----r 

I~I ________ tr~vS~H~ ____ ~ 
~i t:>.SH 

t3.C 

t8.P I 

J } 
I 

I tCRP I 

t 

AO-A8 

::: =~ 1'1' ! tCAS 

i:ASRi 
VIH--""""""'7"7""'I""l_ ROW / COLUMN 
V1L __ AJ)DRESS I ADDRESS 

I ItR.C,D I i I 
.---------11 I I t eWL , 

I ~wcsi I tWCH I I i 
~ ~ ~ __ ~71!"""""7!~!I!""""'7/""""7/;""""'/Jj~y/tl :tWP I ir-r-7/Z""r"'T?/~7I /"77/ /-rr7l!,..,....,7!""r"'T?2.,....,...?I)r-r-f'72-rr72,..,....,I/j ......... /)-rr!?Z,....,....,;/..,...Ij/~// 

I I itWCRI I ! 

I I I! tRWL I 
OE ~~: = 7IIIJJ!/IlJlZ;I;'Z'l/I!//Zf;//2;/IbZIjZfI/IJ2Z!II227112/v;;JJ2/!1I1/Z!l 

I ItT;2Ri I 
I tDS I ~ ~ 

VIH -- t:. 1 
-------'iYAL1D DATA-INJ!>------- OPEN 

V1L - I I 

1/01-I/04 
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TC514258AP/AJlAZ-70, . TC514258AP IAJ/AZ-SD 
TC514258APlAJI AZ-18 

~JRITE CYCLE (OE CONTROLLED WRITE) 

tRAS 

RAS vIH 

vIL_ 

CAS "'IH-

"IL-

vIH_ 
AO-A8 

vIL-

I/Ol-I/04 "IH 
vIL 

~: "Hit or "L" 

READ-MODIFY-WRITE CYCLE 

r--_______ t~RA~S _______ ~, I tRP [ 

~ t.~ J~I' 
"IL - ~ I "'-----

tcsH I I ! 

--+----~:~~'::~-------¥I !~ 
AO-A8 
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FAST PAGE MODE READ CYCLE 

AO-A8 VIL_ 

?/RITE 
'lIH-

VIL-

JE 
VIH-

VIL-

1/01-1/04 VOH-

VOL-

~ : "H" or "L" 

FAST PAGE MODE WRITE CYCLE 

1/01-1/04 
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(' " :'" " 

~Tt5142S8A'/LljAZ~18J·TC51.425.AP/AJ/AZ~80' . 
lC51'4256AP/AJ/Al.;10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AO-A8 

I/O 1 
\ 

I/O 4 

VIR ----""�1\\1 _---------tRA-sP---------~/1 I 
vIL _ ~I tRP 

"IH 

"IL -

tCSH 

tpRMW 

r--

~: "R" or "L" 
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RAS ONLY REFRESH CYCLE 

VIH-
CAS 

vIL-

vIH-
AO-A8 

vIL-

Note: \-JRITE, OE="H" or "L" ~: "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

tCHR 

VIH -
CAS 

VIL- I 

:3 VOH 
I/OI-I/04 OPEN 

VOL 

Note: WRITE, OE, AD'\, A8="H" or "L" ~ "H" or ilL" 
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HIDDEN REFRESH CYCLE (READ) 

VIH-
RAS 

VIL-

CAS 
VIH -

VIL-

AO-A8 

I/Ol-I/04 

TC514256AP! Adl AZ .. l0, TC514256AP! Ad! AZ·80 
TC514258AP! Ad! AZ-l0 

I.~RH I 
~J/!J//J//!J/J/////III!III!!J/ flvl/!I/; 

I 

VALID DATA-OUT 

~: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

t 

VIL -

VIH - ROW COLUMN 
AO-A8 ADD ADDRESS I / 

V,L - 'I'~ II 'weE 11 
RRm :~: ZW§( ;fA:: ! 'WP 1IJ////!/ /// III)) !))j /j)/ I///JI/I/J/JJ//II//; 

OE ::: - 1111 !l///J/ J/ /II / / /I! I !/IJ(!I (/II J/! II!! /II///!! !/!I// ill/mil III!III 
I ~ I tDH in 

1/01-1/04 ~~:: _1-r-r-r-r-/l/""""""':'7!1IX~ALID DATA }/;~1//"""""""m-r-1"""r7l/-r-r-r// I /7'""'T'""M7Ij'""T""r77!2-r-r-rVZ-r-1"""rJ/-r-r7"I/Z-r-r7"/! Ilrrrmr-rr7!I!~(/; 
I I I tnHR n771 

• v • ULLJ: "H" or "L" 
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tC&14258AP/Ad/AZ-70, Ye5) 4256AP/Ad/AZ-80 
10514258AP/Ad/AZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_ VIH­
CAS 

VIH -
AO-AS 

VIL -~~~....J...J...J-J"""""""''-J..I~--r---....;if '-'-'~ .............................. ~ .............................. 

READ CYCLE 

_ VIH-

VOH -
Vo I-I/O 4 -- OPEN ----+----1-'---

VOL -

ImITE CYCLE 

~: "H" or "L" 
VALID DATA-OUT 
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OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 

:en 19 18 17 16 15 14 13 12 11 

R 1.0 t:::::::::!] 
1 2 3 4 5 6 7 8 9 10 

0.5±o.15 ~I' 1 2.54 ±o.25 

1.4::;:0.15 
0-15 ' 

Note: Each lead pitch is 2.54mm. 

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

position with respect to No.1 and No.20 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 

17.02 - 17.27 

1 2 3 4 5 

TC51425&AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

9 10 11 12 13 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP Unit in mm 

26.3MAX ! ~ 

r" -
:x C\1 
.0: d :::E 

INDEX DOT 

d 
I- I- I- l-

I- I- I-

Q.5±Q.l 1.27TYP. 

to .,-, 
r-i -D 

d cO 

~I ...... L--

T~ ~ 
;-0.07 ~L 

,1 
0.25 _ 0.05 

1.27TYP. 

2.54TYF. 

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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~ -~' " 1 , 

"""'::;~:'IHI81"I:llS ·llleRI,RllO·:DiU·CT8 
~~'w,\~:; "O~';:~,~:::?,~ , 

DESCRIPTION 

TC514256APl/AJUAll-70, TC514256APUAJl/All-80 
TC514256APU AJ l/ All-I 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 families such as Schottky TTL. 

FEATURES 

• 262.144 word by 4 bit organization 
• Fast access time and cvc1e tL~e 

!S 51i.256A1Y;,.J> j;z -70/:"'9)/-l.0 

tRAC RAS Access Time 70ns Bans 

tAo.<\ Column Address 35ns 40ns Access Time 
tCAC CAS Access Time 20ns ZOns 

ltRC Cycle rime l30ns i 150ns I 

t?C Fast Page Node 40ns 45ns Cycle Time 
c • S~ngle power supply of 5V~lO% w~th a 

built-in VBB generator 

PI~1 Cmn!ECTION (TOP VIII.]) 

lOOns 

50ns 

2Sns 
190ns 

55ns 

Plastic SOJ Plastic ZIP 
\'33 

CAS :'/04 
V03 :/04 
CAS :/01 

1~,,:: . 3E 

.11.0 AB 
;..l A7 
A2 J.jj 

,;.3 A5 
Vee M 

PIN NAt/1ES 
AO "u A8 Address Inputs 

RAS Row Address Strobe 
CAS Column Address Strobe 
l·nnTE Read/Write Input 
OE Output Enable 

I/Ol "u 1/04 Data Input/Output 
Vee Power (+5V) 
VSS Ground 
~.C. No Conne~tion 

• Low Standby Current: 200,uA max. 

• Extended Refresh Period : 512 cycles/64ms 

• Low Power 
440mW MAX. Operating (TC51425APL/AJL/AZL-70) 
385mW MAX. Operating (TC51425APL/AJL/AZL-80) 
330mW MAX. Operating (TC51425APL/AJL/AZL-1 0) 
1 .1 mW MAX. Standby 

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

• All inputs and outputs TTL compatible 

AO 

Al 

A2 

AZ 

M 

A5 

A6 

A7 

A8 

BLOCK D IAGRAf'1 

co:.~~ 

DBCODER 

Ai\.C,Ay 

512x 512X 4. 

SUB2~u, BIAS 
GENERATCP. 
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, , 

·188H18A MOSMEMORYP'RODUGIS 
DESCRIPTION 

TC514266AP / AJ/ AZ-70, TC514266AP / AJ/ AZ-80 
TC514266AP/AJ/AZ-l0 

The TC5l4266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC5l4266AP/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. ~lultiplexed 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 5V±10% tolerance, direct interfacing capability with high perform­
ance logic families such as Schottky TTL. 

FEATURES 

• 262,144 words by 4 bit organization 
• Fast access time and cycle time 

TC5l4266AP/AJ/AZ 
-70/-80/-10 

tRAC RAS Access Time 70ns Sans lOOns 
Column Address 

35ns 40ns 50ns tM Access Time 

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

tpc 
Fast Page ~lode 

40ns 45ns 55ns Cycle Time 

PIN CON~JECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

712/I02 
~wru."'I'E 

~j.e . 

A.3 

vee 

PIN NN·1ES 
AO '" A8 

RAS 
CAS 

WE/WRITE 

OE 

In/IOI "'W4/I04 

VCC 
vss 
0I. C. 

N.e, 

Al 
A2 
A3 

'Tee 

Address Inputs 
Row Address Strobe 
Column Address Strobe 
Hrite Per Bit/Read/ 
Hrite Input 
Output Enable 
Write Select/Data 
Input/Output 
Power (+SV) 
Ground 
No Connection 

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

• Low Power 
440mW ~L\X. Operating(TCS14266AP/AJ/AZ-70) 
325mW MAX. Operating(TC5l4266AP/AJ/AZ-80) 
330mlv ~lAX. Operating (TC5l4266AP / AJ / AZ-lO) 
5.5mW ~~. Standby 

• Output unlatched at cycle end allows t<;vo­
dimensional chip selection 

• Read-Modify-Write, CAS before P~S refresh, 
RAS-only refresh, Hidden refresh, ~vri te 
Per Bit and Fast Page Mode capability 

• All inputs and outputs TTL Compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC5l4266AP 

Plastic SOJ: TC5l4266AJ 
Plastic ZIP: TC5l4266AZ 

AO 
Al 
A2 
A3 
A4 

A5 
A6 
A7 
A8 

'N2/I02 

Wl/IOl W3/I03 
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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 °c • sec 1 
Power Dissipation PD 600 mW 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOt'1~1ENDED DC OPERATING COND !TIONS (Ta=O'V 70°C) 

SYHBOL PARAMETER HIN. TYP. HAX. 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 CHARACTERI STICS (Vcc=5V±10%, Ta=O'V 70° C) 
SYMBOL P ARAl.'1ETER MIN. r.-1A..,'{ • UNITS NOTES 

OPERATING CURRENT TC514266WAVAZ-'ID - 80 
ICCI Average Power Supply Operating Current TC514266AlYAYAZ-80 - 70 rnA 3,4 

(RAS, CAS, Address Cycling: tRC=tRC HIN.) TC514255WAJ/AZ-IO - 60 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 
(RAS=CAS=V IH) 

RAS ONLY REFRESH CURRENT TC514266AJ;YAVAZ-7Q - 80 

ICC3 Average Power Supply Current, RAS Only Hode TC514266WAVAZ-EO - 70 rnA 3 
eRAS Cycling, CAS=VIH: tRC=tRC MIN.) TC5~25~AVAZ-IO - 60 
FAST PAGE MODE CURRENT TC5J4,266WAVAZ~O - 60 

ICC4 Average Power Supply Current, Fast Page Mode TC514266WAVAZ-80 - 50 rnA 3,4 
(RAS=VIL, CAS, Address Cycling: tPC=tpc ~UN.) TC5~66Ae/AVAZ-lo - 40 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 rnA 
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC5J4,266AJYAVAZ-'70 - 80 
ICC6 Average Power Supply Current, CAS Before RAS TC514266AJYAVAZ-80 - 70 rnA 3 

Hode (RAS, CAS Cycling: tRC=tRC MIN.) TC514266WAVAZ-IO - 60 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 llA 
(OV ~ VIN ~ 6.5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ 5 .5V) -10 10 llA 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5rnA) 2.4 - V 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2rnA) - 0.4 V 
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TC514266APIAJIAZ-70, TC514266AP/AJ/AZ-80 
TC514266APIAJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

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

TC514266AP TC514266AP TC514266AP 
SYMBOL PARAMETER -70 -80 -10 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tPRMW Fast Page Hode Read-Modify-Write 
95 - 100 - 115 - ns 

Cycle Time 

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 - SO ns 8,14 

tCLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 5 

tOFF Output Buffer Turn-Off Delay 0 20 0 20 0 30 ns 9 

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

tRP RAS Precharge Time SO - 60 - 70 - ns 

tRAS RAS Pulse Hidth 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse lVidth (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 CAS Pulse \.Jidth 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 Delay Time 15 35 15 40 20 50 ns 14 

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

tCPN CAS Precharge Time 10 - 10 - 15 - ns 
tcp CAS Precharge Time (Fast Page Mode) 10 - 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - IS - ns 

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

teAH 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 
tRCH Read Command Hold Time 0 - 0 - 0 - ns 10 

tRRH Read Command Hold Time 
referenced to RAS 0 - 0 - 0 - ns 10 
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TC5".lq88;II!/A~iu~,18,',·TCtJ~*,2jeAP/A"iiZ'80""·.· 
TC51 *,288A P/AJ1AZ-l 0 ." 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4266AP TC5l4266AP TCS14266AP 
SYHBOL P AR.AJ.'1ETER -70 -80 -10 UNITS NOTES 

~lIN • HA.,{. ~lIN . MAX. MIN. MAX. 

t~.JCH Hrite Command Hold Time 15 - 15 - 20 - ns 

Hrite Command Hold .1'ime referenced 
55 60 75 tHCR to RAS 

- - - ns 

t~.JP ~.Jrite Command Pul se ~.Jid th 15 - 15 - 20 - ns 

tRHL Hrite Command to RAS Lead Time 20 - 20 - 25 - ns 

tc~.JL Hrite Command to CAS Lead Time 20 - 20 - 25 - ns 

t DS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 15 - 15 - 20 - ns 11 

tDHR Data Hold Time referenced to RAS 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

t HCS Hrite Command Set-Up Time 0 - 0 - 0 - ns 12 

taID CAS to HRITE Delay Time 50 - 50 - 65 - ns 12 

tR'ID RAS to HRITE Delay Time 100 - llO - 135 - ns 12 

tAHD Column Address to HRITE Delay Time 65 - 70 - 85 - ns 12 

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

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

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

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

tROH RAS 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 Time 

0 20 0 20 0 25 
from OE 

ns 

tOEH OE Command Hold Time 20 - 20 - 25 - ns 
t HBS Hrite Per Bit Set-Up Time 0 - 0 - 0 - ns 

t~-JBH '''rite Per Bit Hold Time 10 - 10 - 10 - ns 

t~IDS Hrite Per Bit Selection Set-Up Time 0 - 0 - 0 - ns 
t\IDH Hrite Per Bit Selection Hold Time 10 - 10 - 10 - ns 

CAPACITANCE (VCC=5V+10% f=lMHz, Ta=O'\, 70°C) - , 
SYMBOL PARAMETER HIN. ~fAX. UNIT 
Cn Input Capacitance (AO'\, A8) - 5 pF 
CI2 Input Capacitance (RAS, CAS, I.JB/HRITE, OE) - 7 pF 
Co Input/Output Capacitance (Hl/IOI '\, H4/I04) - 7 pF 
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TC514288AP/AJ/AZ-10, TC514286AP/AJ/AZ-80 
TC514288AP/AJ/AZ-l0 

NOTES: 

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 open. 

5. An initial pause of 200ws 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 VIR and VIL · 

8. :Vleasurement 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 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 
WE/WRITE leading edge in read-modify-write cycles. 

12. twcs' tmm, tc~m and t AWD are not res trictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs~ twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If tRWD ~ tRWD(min.), tCWD ~ tc'Vm(min.) and 
tAWD~ tAWD(min.), the cycle is a read-modify-write cycle and data out wi~l co~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' 

- A-243-



READ ClCLE 

____ ~I~! ______ ~~ ____ ~~~t~p==~:1 
vIH - tA 

AO-A8 

vIL-

VIH­

vIL-

VIH­

vIL -

WE/WRITE VIH­
V I L - ..J...I...'-'-'-'-'-'-.I...I..I...J....I....I.~ 

WJ.../I01-W4/I04 VOH ----­
VOL -

vlRITE CYCLE (EARLY WRITE) 

I t C.!I.C I I It') FI" ..J 
t~AC I- :1 .. tOEZ J 

OP," I ~ VALID DATA-OUT ~ 
.• trLZ .Fr 

I I77i1 "H" "L" 
NOTE: Dn~ = "H" or "L" I..LLLl . or 

RAS vIH -
____ ---",1 ~-----t..:..;.~'-'-AS'---------.l-1 t! ;::::==t ~=P==:=;I 

~ ___ tA_R ___ ~ ____ ~jF \~ ____ _ 
vIL 

vEl 
CAS 

VIL 

VIH 
AO-A8 

VIL 

___ VIH 

WB/WRI T2 V IL 

-

-
-

-
-

WJ.../I01-W4/I04 VI3: -
VIL -

i ! 

I 
i 

i 
:WTE: DOUT = OPEN ~ IiH" or "L" 
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1I$'42tQP/4J/IZ.'iO{TC514288All"J~' . 
'TC5142 •• A'/AJ/AZ~I.' ": 

WRITE CYCLE (OE CONTROLLED WRITE) 
tRC r 

tRAS tRP I ~~: ---------=-===------1 
"IH - -----.....L:\~I-__ t..:;AR:=.:.-__ ----I 

VIL -

CAS vIR -

vIL -

AO-A8 VIR 

VIL 

READ-c-fODIFY-WRITE CYCLE 

?AS vIR 

VIL 

VIR 
CAS 

VIL 

AO-A8 VIR 
VIL 

7lB/WRITE VIR 
VIL 

tRSR 

tCAS 

. tRAL 

Note: DOUT=OPEN £LL2: "H" or "L" 

CRMW 
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FAST PAGE MODE READ CYCLE 

AO-A8 

V IH -

VIL-

VIL -

/VB/WRI IE V IH -
VIL -.J..J....I...I. ......... :.,.....'-'J 

V IH -

tRASP 

VIL -LLLLLL~LLLL~~~~~~~~~~~~~ __ -4~~~~.~~~~~~~~~~~~~ 

NVI01-W4/I04 VOH - __________ _ 

vOL -

FAST PAGE HODE 1;.JRITE CYCLE 

AO-A8 

VIR -

vIL -

Note: 

Note: D ="H" or "L" IN 
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~: "H" or "L" 

tRSH I 
1------4 It C RPI 

_t_CA_S_jI }f 
i I 

"H" or "L" 



:·~~.'JQl4286A'/AJ/Al·l.,·.~TCi14~_'J:AP/AJ/AZ~" 
;,~"14288AP/AJ/AZ~lO,··· ....., 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH-l 
vIL - -

1_--t.=..:CS=H=----~·1 
! tpRMW I 

tRASP 

AO-A8 

WB/WRITE 
vIH 

vIL 

OE vIH 

vIL 

II 

Wl/IOl-W4/!04 
VOH 

vOL 

VIH 

VIL -
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RAS ONLY REFRESH CYCLE 

VIL----

VIH -
AO-AS 

Note: WB/WRITE, OE=Don't Care 122LJ: "H" or ilL" 

CAS BEFORE RAS REFRESH CYCLE 

__ --__________ t_RA_S _______________ .~~-t-RP----~~ 

VIH -

vIL - __ _ 

vaH -
WVI 0 l-W4/I 04 

VOL - _________ ~ 

Note: WB/WRITE, OE, AO'\, A8 = "H" or "L" 
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TC614288AP/AJ/Al-70, TC514286A'PI AJ/ll-aO 
TC514288AP IAJI Al-l 0 

HIDDEN REFRESH CYCLE (WRITE) 

VIB -
RAS 

VIL -

VIB -
CAS 

VIL -

VIH -
AO-A8 

"WE/WRITE I . / / / 

'TTL -
~ II I I 

OE ::: = 7// J/ J/ II! JII// J/! /! II! !III! $1/// IIIlII!! !l!!!1 $ ///1I11II! !IIl/I!/!)); 
t~ ItmH tDS tDH 

VIH -
WVIOI-W4/!04 

VIL -Lll __ ~ 

rzm: "H" or "L" 

Note: DOUT=OPEN 
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.j~''''''':-~'~~"~,!~'.~'~=!~~II~_~'~i~I~_~I~~'~~''j~~lIj~~~I~.?:~!'I:IIJ~I:lt~~I~:~~~~'I~I~:~'~MJ::I~~'~llllllj~'~I~i~:,~~~,~MI"'I"'I~~IIJ~,.!~,.I~"'"I~ .• I~I.~.~~II'~~;~~~I~!:~I~~.~.~.~I~~~~'Io:~~~'~"'~1i~4~:~~I~~~;\I~:.":::~~~~:~"':'~1~~~~~'1 ~~:I'i~".~'I:~'IIII""II':"'o'II'''I'1 '" ", "'''',,'' "'";'':,\''''''''''''''''''''''' ,,,,,,,,,: ,)"",'' 
,A>% " , \,,',~ ", ,,1 '\ ~ ",~ ~,," " ,~ f,,9:;O,<~~ ~ ~:',,::« 

&<''c ,;:~ ~ , " ' 't,' : " 

?t;:'( , .................. ..,~~fi:.ij~·:~.\~~ 
"." "~: ""TC8~142e8A'14"IM~10':,:·:":;~;";\"\~;,,;~::\~,:::~::,:",:,~; 

-' " t ". x·' , ,~ ,I '~<'; , 0 , , ' " , '). , '< <: < '. " "";,, _ " ' , , ' ',' , , ' 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
t-sp 

I __ -----tM~s------_i ~ 

AO-AS 

READ CYCLE 

VIH -

vIL-

VIH­

V IL - "'-'-'--'-'-'--'-'-'-..I....,i-I-.I...I-I...J....I..J..U-I-~'...JJ 'l"-------r v..u../.../....L/.../....Lf...i../.....f...i../.....'-'-'-'~'-'-'-I.'-'-'-I....J..I...I-

VIH - / 

v I L - .LLI.-'-'-'-.L/....I..-'-'-'-.I..I...I...I..I...I.."-'-'-"-'-'-~ 

II I 
tROH I I I 1/ 1/1; 

,I I I 

:~: - / //IJ1Z1!I2I/j7lJ!WuZZI/ 117///P/2i 

l l. ~ lib 
VOH - i ,! 

WV!01-W4./I04 OPEN I 
VOL -- I i 

HRITE CYCLE . I!;- !--wl 1,---t...:.:CWL:.:-=-----+--..... 

VALID DATA-OUT 

~ "WBH 

'!VB/WRITE VIH -- ----~ tWCH --_ ........... _-..,....,..-. 

VALID DATA-IN , 

tcWD 

WVI 0 1 ~W4/I 04 

I I tCAC -1-1 ---. I tAA I! , i 
I I ~I Ii 

:~: -IJ//llj17;J2Z'iZtmJl/@JI//!/){] lT~toED--'-'-ll---
.! tCLZ t

CAC

: It?EZ!~~ 
VOH -! ~ JKt VP.LID 4 
VOL __ ' i ~DATA-IN;>------

I / I • 1 

VALID DATA-oUT i I 

~--.....--..........--.-.--

VIL --

VIH -
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APPLICATION INFORMATION 

ADDRESSING 

TC~ 14288APfAdf AZ-lO, TC514288AP fAJIAZ-aO 
TC514288AP/AJfAZ-10 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC5l4266AP/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 (RAB), latches the 9 row address bits 
into the chip. T~~ 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 ~he 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. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB!)lvE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Hi)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 ap­
plied can be specified by keeping WiC/IOi) high with set-up and hold times re­
ferenced to the RAS negative transition. 
For those data bits of WiC/IOi) that are kept low as RAS taIls the write operation 
is inhibited on the chip if WBC/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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RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 

at each of the 512 row address (AO'V A8) within each 8 millisecond time interval. 
Although any normal memory cycle \vill perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the ICC3 specification. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate 

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

PAGE MODE 
The IIPage-Mode ll feature of the TC5l4266AP/AJ/AZ allows for successive memory 

operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
in which the row address is common. This "Page 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 TC5l4266AP/AJ/AZ is that refresh cycles may be per­

formed while maintaining valid data at the output pin. This is referred to as Hidden 
Refresh. Hidden Refresh is performed by holding CAS at VIL and taking RAS high and 
after a specified precharge period (tRP), executing a CAS before RAS refresh cycle. 
(see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE ~ 

~'\ /'~ \ 
i\ 

WV!Ol-W4/I04 -- OPEN VALID DATA-OUT 

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

The internal refresh operation of TCS14266AP/AJ/AZ can be tested by CAS BEFORE 

RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 

internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as 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 512 times. 

Q) Check "1" out of 512 bits at normal read mode, which was written at W. 

® 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. 

(2) Check "0" out of 512 bi ts at normal read mode, which was wri tten at ®. 

® Perform the above CD to (2) to the complement data. 
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OUTLINE DRAWINGS 

• Plastic DIP 

Rl.O r : : : : : : : : : I] 
1 10 

24:7 MAX 

~.-~~------------------------~ 
::s 
o 
.n 

0.5 ±0.15 

1.4± 0.15 

2.54± 0.25 

Note: Each lead pitch is 2.54rrun. 

1 

" !/ 

7.62±0.25 

J 
1\ 
1 

0.25_ 0.05 1'1 +0.1 

Unit in rrun 

\ 
{! 

i 
i 

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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, , 'l' 

~l't5'1~266AP/AJ/~l·lD,. TC514286AP/AJ/AZ~80 
TC514286AP/AJ/AZ-1D . . , 

• Plastic SOJ 

17,02 -17,27 0.9 TYP. 

1.26 25 24 '" 22 ill 17 16 15 : I 
DODD 00000 

~ ~ 

~ ~ 
~ m 
I I 
o ro 
~ ~ 
~ ro INDEX DOT 

0.66-0.81 

1 .

. 1 11.27 TYP. 

. _ 9.5-9.9 

·1 

Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 
Unit in rnm 

26 . .3MAX. 
3.0 MAX. 

INDEX DOT 

cI 
I 

I 

I I 

I I 

II 05±O> I 127 TYP. 

, 0.2 5~ggb 

1.27 TYP. 

2.54 TYP. 

1 .3 5 7 9 11 1.3 15 17 19 

~ 
2 4 6 8 12 14 16 18 20 

Note: Each lead pitch is 1.27rnm. 

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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262, 144WORDx4BIT DYNAMIC RAM 

SILICON GATE CMOS 

TC514258P/J/Z-85, TC514258P/J/Z-1 0 
TC514258P/J/Z-12 

DESCRIPTION 

The TC514258P /J/Z is the new generation dynam ic 
RAM organized 262,144 words by 4 bits. The TC514258 
P/J/Z utilizes TOSHIBA's CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC514258P/J/Z to be packaged in a standard 20 pin 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

TC514258P /J/Z-85-1 0-12 

tRAC RAS Access Time 85ns lOOns 120ns 

Column Address Access 
45ns 50ns 60ns tAA Time 

tCAC CS Access Time 30ns 30ns 35ns 

tRe Cycle Time 165ns 190ns 220ns 

tse 
Static Column Mode 

50ns 55ns 65ns Cycle Time 

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

generator 

PIN CONNECTION (TOP VIEW) 

. Plastic DIP . Plastic SO] 

1/02 
WRITE 

PIN NAMES 

AO~A8 

RAS 

CS 

WRITE 

OE 

1/01 ~ 1/04 

Vee 

Vss 

N.C. 

Vss 
1/04 
1/03 
es 
OE 
A8 

A7 

A6 

A5 

A4 

Al 

A2 

A3 

Vee 

Address Inputs 

Row Address Strobe 

Chip Select 

Read/Write Input 

Output Enable 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

es 
c5E 

A8 
A7 

A6 

A5 

A4 

Plastic ZIP 

plastic DIP and 20/26 pin plastic SOJ and 20/19 pin 
plastic ZI P. The package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 

10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 

• Low Power 
413mW MAX. Operating (TC514258P/J/Z-85) 
358mW MAX Operating (TC514258P/J/Z-l 0) 
303mW MAX. Operating (TC514258P/J/Z-12) 
5.5mW MAX. Standby 

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

• Read-Modify-Write, CS before RAS refresh, RAS-only 
refresh, Hidden refresh and Static Column Mode capa­
bility 

• All inputs and outputs TTL complatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP TC514258P 

Plastic SOJ TC514258J 
Plastic ZIP TC514258Z 

BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

1/011/02 1/03 1/04 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V IN -1 "'7 V 1 

Output Voltage V OUT -1 "'7 V 1 

Power Supply Voltage Vcc -1 "'7 V 1 

Operating Temperature T OPR 0'" 70 °c 1 

Storage Temperature TSTG -55'" 150 °c 1 

Soldering Temperature- Time TSOLOER 260'10 °C'sec 1 

Power Dissipation Po 600 mW 1 

Short Circuit Output Current lOUT 50 mA 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 

V IH Input High Voltage 2.4 - 6.5 V 2 

V IL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0'" 70°C) 

SYMBOL PARAMETER MIN. UNIT UNITS NOTES 

OPERATING CURRENT TC514258P!J/Z-85 - 75 

ICC1 Average Power Supply Operating Current TC514258P/J/Z-10 - 65 mA 3,4 
(RAS, CS, Address Cycling: tRC = tRC MIN.) TC514258P/J/Z-12 - 55 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 
(RAS = CS = V IH ) 

RAS ON L Y REFRESH CURRENT TC514258P/J/Z-85 - 75 

ICC3 Average Power Supply Current, RAS Only Mode TC514258P/J/Z-10 - 65 mA 3 
(RAS Cycling, CS = VIH: tRCOO tRcMIN.l TC514258P/J/Z-12 - 55 

STATIC COLUMN MODE CURRENT TC514258P/J/Z-85 - 55 

ICC4 Average Power Supply Current, Static Column Mode TC514258P/J/Z-10 - 45 mA 3,4 
(RAS=CS=VIL ,AddressCycling: tsc =tsc MIN.) TC514258P/J/Z-12 - 35--

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 mA 
(RAS = CS = Vcc-O.2Vl 

CS BEFORE RAS REFRESH CURRENT TC514258P/J/Z-85 - 75 

ICC6 Average Power Supply Current, CS Before TC514258P/J/Z-10 - 65 mA 

RAS Mode (RAS, CS Cycling: tRC= tRC MIN.) TC514258P/J/Z-12 - 55 

INPUT LEAKAGE CURRENT 

II (L) Input Leakage Current. any input (OV ~VIN ~ 6.5V, All Other -10 10 /lA 
Pins Not Under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 /lA 
(DoUT is disable, OV ~ VOUT~ 5_5Vl 

VOH 
OUTPUT LEVEL 2.4 - V 
Output "H" Level Voltage (lOUT =-5mA) 

~ VOL 
OUTPUT LEVE L - 0.4 V 
Output "L" Level Voltage (lOUT = 4.2mA) 
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TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

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

TC514258P/ TC514258P/ TC514258P/ 

NOTES I SYMBOL PARAMETER J/Z-85 J/Z-l0 J/Z-12 UNIT 

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

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

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

tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

tSRMW 
Static Column Mode Read-Modify-Write 

125 135 160 
Cycle Time 

- - - ns 
--- ~ --

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

tCAC Access Time from CS - 30 - 30 - 35 ns 8,13 

tAA Access Time from Column Address - 45 - 50 - 60 ns '3,14 

tALw Access Time from Last Write - 85 - 95 - 115 ns 8,15 

tCLz CS to Output in Low-Z 5 - 5 - 5 - ns 8 

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

t AOH 
Output Data Hold Time from 

5 5 5 
Column Address 

- - - ns 

tow Output Data Enable Time from WR ITE - 30 - 30 - 35 ns I~ 
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 7 I 

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

tRASC RAS Pulse Width (Static Column Mode) 85 100,000 100 100,000 120 100,000 ns 

t RSH CS to RAS Hold Time 30 - 30 - 35 - ns 
-

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 

tcs CS Pu Ise Width 30 10,000 30 10,000 35 10,000 ns 

tcsc CS Pulse Width (Static Column Mode) 30 100,000 30 100,000 35 100,000 ns I 

t RCD RAS to CS Delay Time 25 55 25 70 25 85 ns 13 

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

t CRP CS to RAS Precharge Time 10 - 10 - 10 - ns ~ 
i 

tCPN CS Precharge Time 15 - I 15 - 20 - ns 

tcp 
CS Precharge Time (Static Column 

10 - 10 - 15 
I 

- ns i Mode) 

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

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

t ASC Column Address Set-Up Time 0 - 0 - 0 - ns I 
f----

Column Address Hold Time 20 20 25 ~J tCAH - - - ns 

Write Address Hold Time referenced 
65 75 90 t AwR to RAS 

- - - ns 

Column Address Hold Time referenced 
100 115 140 -J tAR to RAS 

- - - ns 
I 

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

Column Address Hold Time referenced 
10 10 15 16 tAH to RAS Rise 

- - - ns 

t LWAD 
Last Write to Column Address Delay 

25 40 25 45 30 55 ns 17 
Time 

Last Write to Column Address Hold 
85 95 115 

I 
tAHLW Time 

- - - ns 



l'C5'14258P/.J/Z-85, l'CS142:58,P/J/Z~lD 
l'C514258P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC514258P/ TC514258P/ TC514258P/ 

SYMBOL PARAMETER J/Z-85 J/Z-lO J/Z-12 UNITS NOTES 

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

t RCS 
Read Command Set-Up Time 

0 0 0 
referenced to CS - - - ns 

Read Command Hoid Time referenced 
0 0 0 10 tRCH to CS 

- - - ns 

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

- - - ns 

tWH 
Write Command Hold Time (Output 

0 0 0 12 
Data Disable) 

- - - ns 

Write Command Hold Time referenced 
65 75 90 tWCR to RAS 

- - - ns 

twp WR ITE Pulse Width 20 - 20 - 25 - ns 

tWI WR ITE Inactive Time 10 - 10 - 15 - ns 

tRwL WR ITE Command to RAS Lead Time 20 - 25 - 30 - ns 

tcwL WR ITE Command to CS Lead Time 20 - 25 - 30 - ns 

t os Data-In Set-Up Time 0 - 0 - 0 - ns 11 
--

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

t DHR Data-In Hold Time referenced to RAS I 65 - 75 - 90 - ns 
------

tREF Refresh Period - 8 - 8 - 8 ms j 
--_. 

WR ITE Command Set-Up Time 

~ 
tws (Output Data Disable) 

0 - 0 - 0 - ns 

tcwD 
CS to WR ITE Delay Time 

65 65 75 12 
(READ-MODiFY-WRITE CYCLE) 

- - - ns 

-----j--

tRwD 
RAS to WR ITE Deiay Time 

120 - 135 160 12 
(READ-MODI FY-WR ITE CYCLE) 

- - ns 

---t--
121 tAwD Column Address to WR ITE Deiay Time 80 - 85 - 100 - ns 

tCSR CS Set-Up Time (CS before RAS) 10 - 10 - 10 - I ns 

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

1 tRPC RAS to cs Precharge Time 0 -- 0 - 0 - ns 
--

t CPT 
CS Precharge Time (CS before RAS 

50 50 60 i 
Counter Test Cycle) 

- - - ns 

t ROH RAS Hold Time Referenced to OE 20 - 20 - 20 - ns 

OE Access Time 30 
~-

tOEA - - 30 - 35 ns 

tOED OE to Data Delay 25 - 25 - 30 - ns 

toEZ 
Output Buffer turn off Delay Time 

0 25 0 25 0 30 
from OE 

ns 
--~-

I I tOEH OE Command Hold Time 25 - 25 - 30 - ns 

CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = 0'" 70
D

C) 

SYMBOL PARAMETER 

C ll I nput Capacitance (Ao ~ As) 

C 12 Input Capacitance (RAS, CS, WRITE, 

Co Output Capacitance (1/0 1 ~ 1/04 ) 
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NOTES: 

TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

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

2. Allvoltagesare referenced to Vss· 
3. I cel , I CC3, I CC4 , I CC6 depend on cycle rate. 
4. ICC1, Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200,us is required after power-up followed by 8 RAS cycles before proper device opera­

tion is achieved. In case of using internal refresh counter, a minimum of 8 CS before RAS initialization 
cycles instead of 8 RAS cycles are requ ired. 

6. AC measurements assume tT== 5ns. 
7. VIH (min.) and VI L (max.) are reference levels for measuring timing of input signals. 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 
9. tOFF (max.) and tOEz (max.) define the time at which the output achieves the open circuit condition and is 

not referenced to output voltage levels. 
10. Either tRCH or t RRH must be satisfied for a read cycle. 
11. These parameters are referenced to CS leading edge in early write cycles and to WR ITE leading edge in 

Read-Modify-Write cycles. 

12. t ws , t WH ' t RwD, tCWD and t AwD are not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If tws ~ tws (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t RWO ~ tRwo(min.), tcwo ~ tcwo(min.) and 
tAwO ~ tAWO (min.), the cycle is a Read-Modify-Wrete 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 tRCO(max.) limit insures that tRAc(max.) can be met. tRCO(max.) is specified as a 
reference point only: If tRCD is greater than the specified tRCO(max.) limit, then access time is controlled by 

tCAC. 
14. Operation within the tRAO(max.) limit insures that tRAC(max.) can be met. tRAO(max.) is specified as a 

reference point only: If tRAO is greater then the specified tRAO(max.) limit, then access time is controlled by 
tAA. 

15. Operation within the tLwAO(max.) limit insures that tALW(max.) can be met. tLwAO(max.) is specified as a 
reference point only: If tLWAO is greater than the specified tLwAO(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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• READ CYCLE 
tRC 

tRP 

tRAS 

tCRP 
tCSH 

t RSH 

tcs 

tAR 

tRAL 

COLUMN 

------... -. OPEN 

• WRITE CYCLE (EARLY WRITE) 

V1H 
1/01-1/04 

V1L 

-A-262-

VALID DATA-OUT 

fZZJ : "H" or "L" 

>------ OPEN 



• WRITE CYCLE (OE CONTROLLED WRITE) 

AO-A8 

• READ-MODIFY-WRITE CYCLE 

AO-A8 

V1/ OH 
1/01-1/04 

V1/0L 

TC514258P/J/Z-85, TC514258P/JIZ-l0 
TC514258P/J/Z-12 

tRC 

tRAS 

tAR 

tCSH 

tRSH 

tcs 

COLUMN ADDRESS 

[22] : "H" or "L" 

tRMW 

t Q 

tcs 

COLUMN ADDRESS 

tcwn 

~: "H"or"L" 
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• STATIC COLUMN MODE READ CYCLE 

AO-A8 

I/01-I/04 VOH 

vOL 

tsc 

COLUMN 
ADDRESS 

tCLZ 

tcsc 

VALID DATA 
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VALID DATA 

COLUMN 
ADDRESS 

~ "H"or"L" 



TC514258P'.I'Z-85, TC514258P'.I'Z-10 
TC514258P'.I'Z-12 

• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH tRASC 

VIL 
tRAD 

AO-A8 
VIH 

VIL 

tRCD t CRP 

~~: = 1l1li//1///11/1 l1li///////// /II /I//////I11!////// //////// J/I I» 

I/O 1-1/04 VIH 

VIL 
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~ : "H"or"L" 



JC5:~*i~.*.~lijil~Jj 
TC&l42&8Pl"IZ:t~' ",,' \' ('~c:,,:'\' ,:~' 

• STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 

AO-AB 

VI/ OH 
1/01-1/04 

VI/ OL 

ADDRESS 

tCWD 

VALID 
DATA-OUT 
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COLUMN ADDRESS 

tAWD 

\ 
VALID 
DATA-OUT 

~ : "H"ar "L" 



TC514258P/J/Z-85, TC514258P/J/Z-l0 
TC514258P / J/Z-12 

• STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

AO-A8 

I/OI-V04 V I/ OH 

VI/OL tCLZ 

t AWD 

(READ) 
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1'------'\ t----r----1 tOEH 

(WRITE) (READ) 

~ "H" or"l" 



• RAS ONLY REFRESH CYCLE 

AO-AS 

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

• CS BEFORE RAS REFRESH CYCLE 

VOH 
1/01-1/04 

t:qAS 

tCHR 

tOFF 

I~------------------ OPEN 

NOTE: WRITE, OE, AO "-' AS = "H" or "L" 
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~ "H" or ilL" 

tRP 

~ "H" or ilL" 



TC514258P/J/Z·85, TC514258P/J/Z-l0 
TC514258P/J/Z-12 

• HIDDEN REFRESH CYCLE (READ) 

tRSH 

tRAJ) 

AO-A8 COLUMN ADDRESS 

::: -W//i//IIII(I tAA ,7I!III!j////////////////////!!!I!m 
I I tOEA I 

~~~~~~~~ 

tOEZ 

1/01-1/04 VALID DATA-OUT 
VOL 

~ "E" or "L" 
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• HIDDEN REFRESH CYCLE (WRITE) 

AO-A8 

VIH -
1/01-1/04 

I 
I tDS 

IltDHR 

II tDH 

r 

"ALID DATA-U 
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tCHR 

I tvrn 

W;;J/ ///I!II ///~ 

OPEN 

~ "H" or "L" 



TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 

• CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
VIH tRAS 

VIL 
tCPT 

t RSH 

cs VIH 

VIL 

tcs 

tAS C 

• READ CYCLE tRAL tAH 

AO-A8 COLUMN ADDRESS 

t ROH 

tOEA 

tCLZ 

j II IIIII/JlIII!1 11Il! IIIIJ//}jJlJlI/IIIII I II II 1// / /I / 11/ II/IIIIIIJ III); 
~ I tDH t I I 

I WRITE 

VIH 

VIL 

VIR 

lOE VIL 

VC1-V04 
V1H 
VIL OPEN --------Tt~A.S~C~VA IL,ID DATA-IN ~tCAH I n

l 
I 

• READ-MODIFY-WRITE CYCLE ~ . 

AO-A8 

1/01-1/04 VI/OH 
V1/ OL 

;m...,.-r-r-r-7/j;-r7""1/)-r-r-r7 /-r-r-7I /r-r77/-"-'-7 / /.....-r-l/Z"""""""7 /-'-"-'UX co L UMN ADDRES S r-r-1"?/-r-r-17 //-r-r-71),....,.....,...!I~m-,-,-!lj.-r-,.-7I 

t Res t VrP I rr-r->;.....,-I ..,.......,....--r-r-7-r7""T""-'-

~ "H" or ilL" VALID DATA-OUT 
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OUTLINE DRAWINGS 

• Plastic DIP 

20 19 18 17 16 15 14 13 12 11 Unit 

~:::::::::I] 
1 2 3 4 5 6 7 8 9 10 

24:7 MAX 7.62±0.Z5 

x 

~ 
< 
:::= 
0 
or) 

;z; ,; I H I, :::= £, It) 

N II +01 0.5±O.15 2.54± 0.25 " 0.25_ 0.05 
0-15° 

1.4± 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. 20 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 

17.02 - 17.27 

INDEX DOT 

TC514258P / J/Z-85, TC514258P / J/Z-l 0 
TC514258P/J/Z-l'2 

Unit in rnrn 

..j< 

co 
cci 
I 

ex> 
t') 

cci 

1 2 3 4 5 9 10 II 12 13 

0.66-0.76 

NOTE: Each lead pitch 1.27mm. All dimensions are in millimeters. 
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:':;:~;~~;~~:';'~'""r':;:~':~:~:'~''''~:'~i'~i::'~~:;:'''"~':'~"':~'::''''''t~''J\l'~':~~~~~;~;):;~I~:'t'~,";1 
>- ~ \>- .~ 

• Plastic ZIP 

Unit in rom 

j' 
26.3MAX 3.0 MAX 

INDEX DOT 

cI 
l-

I 

V V I I 

1'1 

v \I V \j \j \j 

Cl.5±Cl.l 1.27 TYP. 1.27TYP 

2.54TYP 

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. 

-A-274-



tOSHIBA MOSMEM·8RY PRODUCTS 
DESCRIPTION 

TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-l0 

The TC5l4258AP/AJ/AZ is the new generation dynamic Rfu~ organized 262,144 words jy 4 
bits. The TC5l4258AP/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 TC5l4258AP/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 5V±10% tolerance, direct interfacing capability with high perform­
ance logic families such as Schottky TTL. 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

Te514,25SAP/A~,AZ-70/-80/-10 

tRAC RAS Access Time 70ns 80ns 
Column Address 

35ns 40ns t.~ Access Time 
tCAC CS Access Time 25ns 25ns 
tRC Cycle Time l30ns 150ns 

tsc Static Column 
40ns 45ns Hode Cycle Time 

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

P IN CONNECTION (TOP VIEH) 

lOOns 

50ns 

30ns 
l80ns 

55ns 

Plastic DIP Plastic SOJ Plastic ZIP 
vss I/O 1 
I/O 4 

WRITE 3 I/O 3 
CS DE 

N.C. OE 
AO A8 AO A8 

A1 A7 
A1 A7 A1 
A2 A6 

A2 A6 A3 A5 
A5 Vce A4 

Vee A4 A6 

AS 

PIN NA~1ES 

AO "u A8 Address Inputs 
RAS Row Address Strobe 
CS Chip Select 

IVRITE Read/Hrite Input 
OE Output Enable 

1/01 "u 1/04 Data Input/Output 
VCC Power (+5V) 
VSS Ground 
N.C. No Connection 

• Low Power 
440mW ~~. Operating(TCSI4258AP/AJ/AZ-70) 
385mW ~~. Operating(TC514258AP/AJ/AZ-80) 
330mlv MAX. Operating(TCS14258AP/ AJ/AZ-lO) 
5.5mlv ~. Standby 

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

• Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC514258AP 

Plastic SOJ: TC5l4258AJ 
Plastic ZIP: TC514258AZ 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

BLOCK D IAGRAf\1 

I/O 1 I/02 I/03 1/04 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Vol tage VIN -1 "J 7 V 1 
Output Voltage VOUT -1 ~ 7 V 1 

Power Supply Voltage VCC -1 ~ 7 V 1 

Operating Temperature TOPR o ~ 70 °c 1 

Storage Temperature TSTG -55 ~ 150 °c 1 
Soldering Temperature· Time TSOLDER 260 • 10 o C • sec 1 
Power Dissipation PD 600 mW 1 
Short Circuit Output Current lOUT 50 rnA 1 

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

SYMBOL PARAMETER NIN. 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 I HIN .iUNIT I UNITS: NOTES 

OPERATING CURRENT 'TC514258A8/AJ/AZ-70 I - 80 i 
ICCI Average Power Supply Operating Current TC51425.8AP/AJ/AZ-80 - 70 rnA 3,4 

(RAS, CS, Address Cycling: tRC=tRC MIN. ) TC514258AP/AJ/AZ-I0 - 60 I 
STANDBY CURRENT 

I 
I I 

I 
I 

ICC2 Power Supply Standby Current - ! 2 rnA i 
I I I (RAS=CS=VIH) I I ! 

iRAS ONLY FEFRESH CURRENT 'ID514258AP/AJ/AZ-'i{) I - ! 80 

I 
ICC3 IA~age Power Supply Current, RAS Only Mode ID514258A8/AJ/AZ-80 - i 70 I rnA 3 

I (RAS Cycling, CS=VIH: tRC=tRC MIN.) 'TC514258A8/AJ/AZ-1O i - I 60 ~ 

I STATI C COLUMN MODE CURRENT 'TC51425.8AP/AJ/..AZ-'10 I - J 60 i ! 
I i i 

ICC4 
'Average Power Supply Current, Static 

50 I rnA 3,4 
Icolumn Mode 

'ID514258AF/AJ/AZ-80 - I 
i 

(RAS=CS=VIT, Address Cycling: tSC=tsc MIN. ) 'TC514258AB/AJ/AZ-IO - 40 I 
I 

I STANDBY CURRENT 

I I 
! 

ICC5 JPower Supply Standby Current - 1 rnA I 

I (RAS=CS=VCC-O. 2V) i I ! 
Ics BEFORE RAS REFRESH CURRENT 'TC51425.8AP/ AJ/.'\Z-70 - i 80 I 

ICC6 IAverage Power Supply Current, CS Before 'TC514258AB/AJ/AZ-OO I - ; 70 i rnA 
I 

3 
RAS Mode (RAS, CS Cycling: tRC=tRC MIN.) TC514258A8/AJ/AZ-lD - 60 I i 

IINPUT LEAKAGE CURRENT I 
I 

1I(L) Input Leakage Current, any input (OV~VIN~6.5V, All Other -10 10 ]..lA 
I ,Pins Not Under Test = OV) 

-
IO(L) 10UTPUT LEAKAGE CURRENT I 10 ]..lA i I (DOUT is disabled, OV~VOUT~5.5V) 1-10 i 

VOH 
,OUTPUT LEVEL 

2.4 
I !Output "H" Level Voltage (IOUT=-5rnA) - V 

VOL 
!OUTPUT LEVEL 

I !output "L" Level Voltage (IOUT=4 .2rnA) 0.4 V -
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l'C$14258AP/AJ/~.78, .. TC51'4258AP fiJI IZ~81 
TC514258IP/AJ/Az-t'lJ . 

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

TC5l4258AP/ TC514258API TC5l4 258AP I 
SYHBOL PARAMETER AJ/AZ-70 AJI AZ-·80 AJ/AZ-I0 UNIT NOTES 

MIN. MAX. HIN. MAX. MIN. MAX. 

tRC Random Read or \.Jrite Cycle Time 130 - 150 - 180 - ns 

tRMW Read-·Modify-Write Cycle Time 185 - 205 - 245 - ns 

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

tSRMW 
Static Column Mode Read-Modi£v- 100 110 135 Write Cycl Time . - _. - ns 

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

tCAC Acc(~ss Time from CS - 25 - 25 - 30 ns 8,13 

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

tAU.J Access Time from Last Write - 65 - 75 - 95 ns 8,15 

tCLZ CS to Output in Low-Z 0 - a - a - ns 8 

tOFF Output Buffer Turn-off Delay a 20 a 20 a 30 ns 9 

tAOH Output Data Hold Time from 5 5 5 - ns 
Column Address - -

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 Precharge Time 50 - 60 - 70 - ns 
tRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns 

tRASC RAS Pulse Width (Static Column 70 1100,000 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 Hade 25 ~OO,OOO 25 100,000 30 100,000 ns 
tRCD RAS to CS Delay Time 20 45 20 55 25 70 ns 13 
tRAD RAS to Column Addre s Delay Time 15 35 15 40 20 50 ns 14 
tCRP CS to RAS Precharge Time 5 - 5 - 5 - ns 
tCPN CS Precharge Time 10 - 10 - 15 - ns 

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

tASR Row Address Set-up Time 0 - a 0 - ns 
tRAH Row Address Hold Time 10 - 10 - 15 - ns 
tASC Column Address Set-up Time a - 0 - 0 - ns 
tCAH Column Address Hold Time 15 - 15 - 20 - ns 

tAI.JR 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 
10 10 Referenced to RAS Rise - - 10 - ns 16 
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TC514258AP/ TC514258AP/ TC514258AP/ 
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO UNIT NOTE 

'MIN. MAX. MIN. MAX. MI~. MAX. 

tLWAD Last Write to Column Address 20 30 20 35 25 45 ns I 17 
Delay Time 

tAHLW 
Last Write to Column Address 65 - 75 - 95 - ns 
Hold Time 

t RCS 
Read Command Set-up Time 0 - 0 - 0 - ns 

IReferenced to CS 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 10 
Referenced to CS' 

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

t WCH 
:Write Command Hold Time 15 - 15 - 20 - ns 12 (Output Data Disable) 

tWCR Hrite Command Hold Time 55 - 60 - 75 - ns 
Referenced to RAS 

twp WRITE Pulse Width 15 - 15 - 20 - ns 
tWI WRITE Inactive Time 10 - 10 - 10 - ns 
tRWL WRITE Command to RAS Lead Time 20 - 20 - 25 - ns 
tCWL WRITE Command to CS Lead Time 20 - 20 - 25 - ns 
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data-In Hold Time 15 - 15 - 20 - ns 11 

tDHR Data-In Hold Time Referenced 55 - 60 75 to RAS - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs WRITE Command Set-Up Time 
(Output Data Disable) 

0 - 0 - 0 - ns 12 

tCWD CS to WRITE Delav Time 55 - 55 - 65 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tRWD RAS to WRITE Delay Time 100 - 110 - .1.35 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tAWD Column Address to WRITE Delay 65 70 85 12 Time - - - ns 

tCSR CS Set-Up Time (CS before RAS) 10 - 10 - 10 - ns 
tCHR CS Hold Time (CS befor.e RAS) 30 - 30 - 30 - ns 
tRPC RAS to CS Precharge Time 0 - 0 - 0 - ns 

CS Precharge Time (CS before 40 40 
I 

50 tCPT RAS Counter Test Cycle) - - 1 - ns 

tROH RAS Hold Time Referenced to OE 10 - 10 - 20 - ns 
tOEA OE Access Time - 25 - 25 - 30 ns 
tOED OE to Data Delav 20 - 20 - 25 - ns 

tOEZ 
Output Buffer turn off Delay 0 20 0 20 0 25 9 Time from OE ns 

tOEH OE Command Hold Time 20 - 20 - 25 - ns 
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TC,514258AP/AJ/AZ-78, ·TC514258AP/AJ/AZ-88 
TC514258AP/AJ/AZ-18 

CAPAC ITANCE (Vcc=5V±10%, f=lMHz, Ta=O 'V 70 0 C) 

SYMBOL PARAMETER MIN. MAX. LTNIT 
Cn Input Capacitance (AO 'V AS) - 5 

CI2 Input Capacitance (RAS, CS, WRITE, OE) - 7 pF 
Co Input Output Capacitance (1/01 'V 1/04) - 7 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. Iccl, Icc3, lcc4, lcc6 depend on cycle rate. 

4. lccl, lcc4 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 S RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of S CS 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. 

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 is not referenced to outpnt voltage levels. 

10. Either t RCH or tRPH must be satisfied for a read cycle. 

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

12. tHCS' tWCll' tRlID' tCtID and tAlm are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs~twCS(min.), the 
cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) through the entire cycle; If tRvm~tmID(min.), tCHD~tGtvD(min.) and 
tAwn6 t Avm(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 tRcu(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 tu.;rAD(max.) limit insures that tAur(max.) can be met. t!..HAD 
(max.) is specified as a reference point only: If tLWAD is greater than the speci­
fied tUIAD (max.) limit, then access time is controlled exclusively by tAA' 

16. tAR is the condition to latch column address when RAS has rised up. 
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READ CYCLE 

I 
cRAS 

N:'---___ ---"I 
cCSH 

tCRP 

AO-A8 COLUMN ADDRESS 

t RRH II -f--+---
V'IH - -r-r-r"r"r'r~~~::;;::l=!---i------=::~:::;:::!::~~~..,....,..-r..,...,...,...,...,...,..,.-n-n 

I C~OH i 

VIL - I I I 
I cAA I 

V I I C I I 

V:: /!0J /!/II/J/J ;/J1JZZ1!!1~ lI;Zj/;7I/!)?/;//;Z/I////I/;// 
1 t~AC I!" L ~ I. tRAC : : toEZ ==:J 

I/01-1/04 VOH - Wi' ~ ----- OPEN , VALID DATA-OUT J}------
VOL -- ~ 

cCLZ I I 

\.JRITE CYCLE (EARLY WRITE) fZZ]: "H" or "L" 

IL 
tEW 

1 CRAS 

i I 
tRP 

tAWR \ rt '/ 
I cCSH I cCRP 

I 
I • I -I 
I cRSH 
I Ces VIH -

AO-A8 
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TC5142.58APIA.JIAZ-70, TC514258APIA.JIAZ-80 
TC514258APIA.JIAZ-l0 

HRITE CYCLE (OE CONTROLLED HRITE) tRC 

I/Ol-I/04 

I,r----------i 
--11~-------

tRAS 
II . 
$ 

tCSH I 

tRSH 

tcs 

tp"p ! 

~ 
~ 

READ-MODIFY-WRITE CYCLE 
fZ2J "HI! or "L" 

AO-A8 

I/Ol-I/04 vI/OH 

VI/OL 

tp.MW 

tCSH 

tcs 

COLUMN ADDRESS 

tcWD 

"H" or "L" 
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STATIC COLUMN MODE READ CYCLE 

'lIn: ---~i\~ _____________ t.:..;RA=S..::.C ____________ -i/1 

AO-AS 

os 

WRITE 

OE 

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

VIH -

VIL-

tsc 

COLUMN 
ADDRESS 

I/01-I/04 VOH - ________________________ ~~ 

VOL -

VALID DATA 
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VALID DATA 

COLUMN 
ADDRESS 

f22L1: "R" or "L" 



TC514258AP/A~/AZ·78, TC514258AP/A~/AZ-88 
TC514258AP/A~/AZ·l0 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 
:. t:1.P I 

__ -------------t-M-S-C--------------__ ~ 

AO-AB VIH -

VIL -

VIH - ------r----~ 

VIL -

VIR - -----l---=~i1 

I/o l-I/O 4 VIR 

VIL 

t--t-t----1I 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

l·
eRP 

I 
?AS VIR 

'TIL 

tMSC jr-l\. 
---------------=~----------------'j !~ 

i I 
I----~' I 

VIR 
AO-AB 

VIL 

7ffiYTE VIH 

VIL 

OE vIR 

VIL 

I/Ol-I/04 
vIR 

VIL 
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STATIC COLUMN MODE READ-MODIFY-I-JRITE CYCLE 

AO-AS COLUMN ADDRESS COLUMN ADDRESS 
VIL -

, tCRP I 
tCAH 

CSRMW tRAL 

, ;RWL I CS VIH tLWAD 

VIL I 

tOW]) 

tAW]) tAW]) tCWL 

WRITE 
VIH -

VIL - tRWD 

OE VIH -

VIL -

I 
I 
I tRAC 

VI/OH I-

I/01-I/04 
VI/OL 

VALID VALID 
DA'I'A-OUT DATA-OUT 

EZlJ "B" or "L" 
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~' " 

>~:';,O;~>~ 

STATIC COLUMN HODE READ/WRITE MIXED CYCLE 

r:m "H" or "L" 
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RAS ONLY REFRESH CYCLE 

tRC 

:1 tRP 

tRAS VIH - \ RAS 
VIL -

vIR -
CS 

VIL 

VIB 
AO-A8 

VIL 

Note: WRITE, OE=Don't Care 
E22J: "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

VIB _ 

"IL -

VOH ----~.....,L 
V01-V04 OPEN 

Vo L - ______ ~ 

Note: WRITE, OE, AO '" A8="H" or "L" ~ "H" or "LI1 
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TC514258AP/AJ/AZ-l0,TC514258AP/AJ/Az-ao 
TC514258AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (READ) 

tCRP 

! 
VIH ----1, tRAS ~I 
VIL - I~---~---

I I tAR 'I 

! I I I 

I tRC I 

I i tRCD tRSH I I ' 
tORPI. J i tHAl) 'RAL I 

COLLP.JN ADDRESS 

VIB - . 

V!L--/·~~~~~~~~~--------____ ~~~~~~~~~~ 
tCAC i 

It~L~ . i 
tRAC ! I 

!/Ol-1/04 
VOH - @{!' I ________ ...t:::~~ 

-----___ I VALID DATA-OUT ~ _____ _ 

TlOL -- i [------------

rz2J: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

AO-A8 

tDS 

I/O l-I/O 4 
------------~[~ALID OPEN 

~: "H" or "L" 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/Al-80 
TC514258AP/AJ/AZ-l0 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE IAO

-

A8 

VIR -

VIL -

tCSR 

~ 

\ 

tCHR 

P 

tRAS 

tCPT 
tRSH 

tcs 

t RAL 

I WElTE 

i OE 
V IH - 7""r"T"l~-r-'f""r"....,.....,....~r-r-r-r....,.-r-r..,...,...,..-\>-rr"1'~~\ r----+-t O.::....::;EA=-

! • - I 

if 
I tCRP I 

I 

-/.. 

I 

lVOl_VO. 

V IL - ........................ -"-'-'-.J-J...I.."'-'-'-J...J....J....'-'-"-'-~"'_'_'_ ...................... ...o...:r---+ ___ "'_+'_ ............ ~ ......................... .J..J..I..I.. 

VOH - _____ _ 

VOL -

WRITE CYCLE 

r
AO- A8 

·NRITE 

OPEN 

I 
I 
I tCLZ 

I 

~~~ / !III $1 ;//J/J/J////! !/I////J/J/// II !I//// !II!///J/j!ll@@IJ!IP/lZ 
'hH _ ~ I tDH 4 I I 

I 

I OE 

I 

l Val-Va. V;L _ OPEN GID DATA-IN 1 . 
READ-MODIFY-WRITE CYCLE II tCAR ! I i IAO

-
A8 :~: _~II M ff/////ffIlJZiffi?¢ COLUMN ADDRESS )Z'"'"'//""""";7/1""""//""""m~m~7I/~Z 

I iVRITE VIH - tRCS I twp I I 1/ 

VIL - tcWD 

V IH -1'7'7...,.-r-r7"'1'7"'J'77'7...,.-r-r'r"f"'r1~"""""';r-r-rr~ 

V IL - ""-'-'-"'-'-'-................... ""-'-'-'-'-"-I..I..J...I. ............ ~~~-+--' 

I v 
I I/OI-V04 I/OH ------------<fl L VI/OL -

fL221 : "H" or "L" VALID DATA-OUT 
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i~~~~;c'~ 
, •. '~;f'"' '~f~\ 
' ..... #,·tC01(*"':aA~l:~~jA~~1;\Q\··.:l, 

OUTLINE DRAWINGS 

• Plastic DIP 

20 19 18 17 16 15 14 13 12 11 

~:::::::::IJI 
1 2 3 4 5 6 7 8 9 10 

24.7 MAX. 

0.5±0.15 

1.4± 0.1 5 

Note: Each lead pitch is 2.54mm. 

:0 
2.54±o.25 ci 

Unit in mm 

7.5 2j:0. 25 I 

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

with respect to No.1 and No.20 leads. 

All dimensions are in millimeters. 
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TC614258API A"I_Z~70, .·TC514258AP IAJI AZ~80 
TC614258AP/AJ/Al~1 0 

• Plastic SOJ 

17.02- 17.27 

26 25 24 23 22 18 17 16 15 14 I 

INDEX DOT 

1 2 3 4 5 

! I 0.66-0.81 
I I 

J.41-0.50 II 
I· 

910111213 

1.27 TYP. 

9.5-9.9 

Note: Each lead pitch is 1. 27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 

Unit in mm 

! • 
26.3 MAX. 

INDEX DOT 

~ 
~ V ~ ~ ~ v ~ ~ v 

1.1.2 7TYP. I 1.27TYF. 

I 2.54TYF. 
I • 

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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DESCRIPTION 

TC514268AP / AJ/ AZ-70, TC514268AP / AJ/ AZ-80 
TC514268AP/AJ/AZ-l0 

The TCS1426SAP/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. 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

TCS14268AP/AJ/AZ 
-70/-80/-10 

tRAC RAS Access Time 70ns 

tM 
Column Address 35ns 
Access Time 

tCAC CS Access Time 2Sns 

tRC Cycle Time l30ns 

Static Column 
tsc Mode Cycle Time 40ns 

PIN CONNECTION (TOP VIE'"w) 

Plastic 

SOns lOOns 

40ns SOns 

2Sns JOns 

lSOns 180ns 

4Sns 55ns 

Plastic ZIP 

[? cs 
[j, V04 
[3 VOl 

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

• Low power 
440mH HA..,{. Operating(TCS14268AP/AJ/AZ-70) 
J8SmW MAX. Operating(TC5l4268AP/AJ/AZ-80) 
JJOmW ~~. Operating(TC514268AP/AJ/AZ-lO) 
5.5mW flAX. Standby 

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

• Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh \vrite Per 
Bit, and Static Column Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TCS14268AP 

Plastic SOJ: TCS14268AJ 
Plastic ZIP: TC5l4268AZ 

BLOCK D IAGRN1 

VOl I/02 VO:3 V04 

[}l WB/WRITE 

A5 

., __ '--_--,...A4 

PIN NM~ES 
AO 'V A8 

RAS 
CS 

HB /';\TR.ITE 
OE 

1/01 'V r/04 
VCC 
VSS 
N.C. 

Address Inputs 
Row Address Strobe 
Chip Select 
Read/Write Input 
Output Enable 
Data Input/Output 
Power (+5V) 
Ground 
No Connection 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
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ABSOLUTE MAXIMUM RATINGS 

ITEH SYMBOL RATING UNITS NOTES 
Input Voltage VIN -1 'V 7 V I 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 °c • sec 1 
Power Dissipation PD 600 mW 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcm'lt.'lENDED DC OPERATING CONDITIONS (Ta=O'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 - 0.8 V 2 

DC ELECTR leAL CHARACTER I STICS (V Cc=5V±10%, Ta=O'V 70°C) 

SYNBOL PARAMETER NIN. HA.,'{. UNITS UNIT 
OPERATING CURRENT TC514268AP/AJ/AZ-70 - GO 

ICCI Average Power Supply Operating Current TC514268AP/AJ/AZ-80 - 70 rnA 3,4 
(RAS, es, Address Cycleing: tRC=tRC HIN.) TC514268AP/AJ/AZ-IO - 60 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 
(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT TC514268AP/AJ/AZ-70 - 80 

ICC3 Average Power Supply Current, RAS Only Node TC514268AP/AJ/AZ-80 - 70 rnA 3 
(RAS Cycling, CS==VIH: tRC=tRC NIN.) TC514268AP/AJ/AZ-IO - 60 
STATIC COLUMN MODE CURRENT TC514268AP/AJ/AZ-70 - 60 ! 

ICC4 
Average Power Supply Current, Static Column 

50 Hode TC514268AP/.~/AZ-80 - rnA 3, 4 
(RAS=CS=VIL , Address Cycling: tSC=tsc HIN.) TC514268AP/AJ/AZ-l0 - 40 
STANDBY CURRENT 

ICCs Power Supply Standby Current - 1 rnA 
(RAS=CS=VCC-0.2V) 

CS BEFORE RAS REFRESH CURRENT TC514268AP/AJ/AZ-70 - 80 
ICC6 Average Power Supply Current, CS Before TC514268AP/AJ/AZ-80 - 70 rnA 3 

RAS Mode (RAS, CS Cycling: tRC=tRC MIN.) TC514268AP/AJ/AZ-IO - 60 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input (OV; VIN; 6.5V, All Other -10 10 flA 
Pins Not Under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT 
(DOUT is disable, OV ~ VOUT ~ s.sV) -10 10 jJA 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-srnA) 2.4 - V 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2rnA) - 0.4 V 

-A-294-



, C,' C d 

. TC514288AP/Ad/A,Z"llJ, TC6142'8A'/A~IAl~IJO· 
T~~142.8AP/AJ/Al·lO· . 

ELECTRICAL CHARACTERISTICS AND REcor·1r~ErIDED AC OPERATING CONDITIONS 

SYMBOL PARAMETER 

tRC Random Read or Write Cycle Time 

t&"1H Read-Hodify-i.Jrite Cycle Time 

tsc Static Column Hade Cycle Time 

Static Column Hade Read-Modify­
tSRMH Write Cyclt Time 

tRAC Access Time from RAS 

tCAC Access Time from CS 

t.~ Access Time from Column Address 

t AUI Access Time from Last Write 

tOFF 

tow 

CS to Output in Low-Z 

Output Buffer Turn-off Delay 

Output Data Hold Time from 
Column Address 

Output Data Enable Time from 
1·1RITE 

tT Transition Time (Rise and Fall) 

tRP iRAS Precharge Time 

tRAS RAS Pulse Width 

tRASC IRAS Pulse Width 
(Static Column Mode) 

tRSH CS to RAS Hold Time 

tCSH RAS to CS Hold Time 

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

TCS14268AP/ TC514258AP/ TC5l4268AP/ 
AJ/AZ-70 AJ/AZ-80 AJ/AZ-IO UNIT NOTES 

MIN. HAX. MIN. HAX. HIN. HAX. 
130 150 - 180 ns 

185 205 - 245 ns 

40 45 55 ns 

100 110 135 ns 

70 80 100 ns 8, 13 

25 25 30 ns 8, 13 

35 40 50 ns 8, 14 

65 75 95 ns 8, 15 

° ° ° ns 8 

o 20 ° 20 o 30 ns 9 

5 5 5 ns 

20 20 30 ns 

3 50 3 50 3 50 ns 7 

50 60 70 ns 

70 10,000 80 10,000 100 10,000 ns 

70 100,000 80 100,000 100 100,000 ns 

25 25 30 ns 

70 80 100 ns 

tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 
tcsc CS Pulse Width(Static Column Mode) 25 100,000 

tRCD RAS to CS Delay Time 

tRAD RAS to Column Address Delay Time 

tCRP CS to RAS Precharge Time 

tCPN CS Precharge Time 

tRAH 

tCAH 

CS Precharge Time 
(Static Column Mode) 

Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

20 45 

15 35 

5 

10 

10 

a 
10 

a 
15 
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25 100,000 30 100,000 ns 

20 55 25 I 70 ns 13 

15 40 20 50 ns 14 

5 10 - ns 

10 10 - ns 

10 15 ns 

° ° ns 

10 15 ns 

o a ns 

15 20 ns 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4268AP/ TC5l4268AP/ TC5l4268AP/ 
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-lO UNITS NOTES 

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

tAWR Write Address Hold Time Refer- 55 - 60 - 75 - ns 
enced to RAS 
Column Address Hold Time 

85 95 115 tAR Referenced to RAS - - - ns 

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

tAR 
Column Address Hold Time 

10 10 16 
Referenced to RAS Rise 10 - - - ns 

tLWAD 
Last Write to Column Address 20 
Delay Time 

30 20 35 25 45 ns 17 

tARUJ 
Last Write to Column Address 65 75 95 
Hold Time 

- - - ns 

tRCS 
Read Command Set-up Time 0 - 0 - 0 - ns Referenced to CS 

tRCH 
Read Command Hold Time 0 - 0 0 10 
Referenced to CS 

- - ns 

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

tWCH 
Write Command Hold Time 
(Output Data Disable) 15 - 15 - 20 - ns 12 

t lVCR 
Hrite Command Hold Time 

55 60 75 Referenced to RAS - - - ns 

t~.JP l.JRITE Pulse ~.]id th 15 - 15 - 20 - ns 

tvJI WRITE Inactive Time 10 - 10 - 10 - ns 

tRWL lJRITE Command to RAS Lead Time 20 - 20 - 25 - ns 

tC1;-JL WRITE Command to CS Lead Time 20 - 20 - 25 - ns 

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 15 - 15 - 20 - ns 11 

Data-In Hold Time Referenced to 
55 60 75 tDHR RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

tl.JCS 
WRITE Command Set-Up Time 

0 - 0 - 0 - 12 
(Output Data Disable) 

ns 

tam CS to WRITE Delay Time 55 - 55 - 65 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tRwn 
RAS to WRITE Delay Time 100 - 110 - 135 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tAWD 
Column Address to l.JRITE Delay 65 70 85 Time - - - ns 12 
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TC514288AP lAJ/Al-70,TC514288AP I AJI AZ-80 
TC514288AP/AJ/AZ-l0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
TC5l4268API TC5l4268API TC5l4268API 

SYMBOL P ARAl.'1ETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-I0 UNIT NOTES 
MIN. HAX. MIN. MA..'<:. HIN. HAX. 

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 to CS Precharge Time 0 - 0 - 0 - ns 

CS Pre charge Time (CS before RAS 40 40 50 tCPT Counter Test Cycle) - - - ns 

tROH RAS Hold Time Referenced to OE 10 - 10 - 20 - ns 

tOEA OE Access Time - 25 - 25 - 30 ns 

tOED OE to Data Delay 20 - 20 - 25 - ns 

tOEZ 
Output Buffer turn off Delay 
Time from OE 0 20 0 20 0 25 ns 9 

tOER OE Command Hold Time 20 - 20 - 25 - ns 
t WBS Hrite Per Bit Set-Up Time 0 - 0 - 0 - ns 

tWBR l.Jrite Per Bit Hold Time 10 - 10 - 10 - ns 

tlIDS Write Per Bit Selection Set-Up 
Time 0 - 0 - 0 - ns 

tHDH 
Hrite Per Bit Selection Hold 10 10 10 Time - - - ns 

CAPAC ITANCE (V Cc=5V±10%, f=lMHz, Ta=O'V 70°C) 

SYHBOL PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO'V A8) - 5 

CI 2 Input Capacitance (RAS, CS, IVRITE, OE) - 7 pF 

Co Input/Output Capacitance (1/01 'V 1104) - 7 
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NOTES: 

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

2. All voltage are referenced to VSS. 

3. I CCI ' I CC3' I CC4 ' ICC6 depend on cycle rate. 

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

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

6. AC measurements assume tr=sns. 

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

8. ~leasured 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 is not referenced to output voltage levels. 

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

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

12. tHCS' t~':CH' tRWD, tCWD and tAWD are not restrictive operating parameters. They 
are included the data sheet as electrical characteristics only. If twcs~twcs 
(min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRWD ~ tRWD(min.), tC\ID ~ 
tCWD(min.) and tAWD ~ tAWD(min.), the cycle is a Read-Modify-Write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

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

14. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled by tAA. 

15. Operation within the tLWAD(max.) limit insures that tALw(max.) can be met. 
tLWAD(max.) is specified as a reference point only: If tUlAD is greater than 
the specified tUIAD(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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READ CYCLE 

es VIH 

VIL 

VIH 
AD-A8 

VIL 

IVB/WRITE 
VIH 

VIL 

VIH 
OE 

VIL 

WL/IOI-W~I04 VOH 

vOL 

TC8l42:6~8AP/AdfAZ~j.:,;cJC514Z88AP1A"/AZ.811 
TaI14268;AP/AdlAZ~' II 

I tesH 
~ !----t-R-C-n-----=-=--t-R-SH-----+-I--t 

tcs ~--------------------

tCRP 

tRAJJ 

tAR 

tAR 

COLUMN ADDRESS 

tOEZ 

----------- OPEN VALID 

tCLZ 

WRITE CYCLE (EARLY WRITE) 
NOTE: DIN="H" or "L" 

tRC 

AD-A8 

WL/IDI-W4/I04 vIH 
"VIL 

NOTE: DOUT=OPEN 1ZZ2l: "H" or "L" 
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~{RITE CYCLE (DE CONTROLLED WRITE) 

AO-AS 

WB/WRITE vIH 
vIL 

WL/I01-W4/104 VIH 
vIL 

READ-MODIFY-~'!RITE CYCLE 

AO-AS 

tRMW 

tCSH 

tcs 

COLUMN ADDRESS 

tcWD 

tRWD 

VIH 

Wl/104-W4/I04 v 1L 

VOH 

VOL 
OPEN ------{I/ 

- A-300-

~ "H" or "L" 

"H" or "L" 



STATIC COLUMN HODE READ CYCLE 

vIH 

vIL 

AO-AS VIH 

VIL 

VIH 

VIL 

WB/WRITE VIH 

VIL 

OE 
VIH 

VIL 

Wl/IOI-W~I04VOH 
VOL 

cRASC 

tCLZ 

VALID DATA 

NOTE: DI~"H" or "L" 

- A-301 -

tRP 
""1 

~ L 
I 

tRAL I 
COLUMN 
ADDRESS 

tCRP 

\ 
VALID DATA 

tz23: "H" or "L" 



STATIC COLU}ffl MODE WRITE CYCLE (EARLY WRITE) 

AO-A8 

V1L -

VIR - -----4-4-----..L I 

vIL-

'NB/WRITE vIR -

WVI01-Wl/'I04 vIH­
vIL-

STATIC COLU}lli MODE WRITE CYCLE (EARLY WRITE) 

~ 
tEAse ..Jr-\ '"--------1 I~ 

VIH----' 

V1L -

.:o.O-A8 VIH­

vIL-

os VIH-

V1L-

Wl3/WRITE V IH -

WVI01-WVI04 

~~---""'-

~: "H" or "L" 
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-
I 

. . 

to_142881. /.J/,A~·7D, TCS14268A'/AJ/AZ"88 
TC514288A./AJI AZ-l D 

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 

RAS 
'TIH -
'TIL -

AO-AS 
'TIH -

COLUMN ADDRESS I COLUMN ADDRESS 
'TIL -

I 

~ 
cs 'TIH -

VIL -

tAWD tcWL 

WE/WRITE VIH -

vIL -

OB: 

'TIL -

rVOH 
- ---+-+-----.(1/ 

I VOL­

IVl/IOl I 

-W4/I04l 
'TIH -

'TIL -

~: "H" or "L" 
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STATIC COLll1N MODE MIXED CYCLE 

RAS 
VIH -

VIL -

err vIH -

vIL -

AO-A8 

WE/WRITE V IH -

vIL -

"H" or "L" 
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T~S14268A'/AJ/A~·7'O, .rC5) 42B8AP/AJ/Al-80' 
Tei1'42681P flJ/Al·t 0 

RAS ONLY REFRESH CYCLE 

VIH -
RAS 

vIL -

vIH -
cs 

vIL -

vIS -
.c,O-A8 

'lIL -

Note: liB/WRITE, OE=Don't Care ~: "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

'" 

t~c 

t RP tRP 

t RPc I, 
tRAS 

tCPN tCRSII. tCHR 

VIL -

VIL - __ ..J 

VOH -----~ 
Wl/I01--,v4/I04 OPEN 

VOL -----.;or 

Note: WB/1;.JRITE, OE, AD'" A8="H" or ilL" ~: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

AO-A8 

::::=-{ 
I 
1 

tROD I 
tCRP tRAD 

VIH -

VIL -

tASR tRAH 

VIH -

VIL-

VIH -

VI L -"-'-"-'-' .................. J..,JJ 

tRAS 

tAR 

tRO 

·c 
tRO 

tRP 

J 
tRP 1 

~ tRAS 

I 
I tRSH 

: : -I 

I 
tRAL ~ tCRP 

WVIOI-W4/I 04 VOH --------------------@{. / '~------------------~====~~-----------------. VALID DATA-OUT .... 
VOL -

I I 

W] "H" or "L" 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-l0 

HIDDEN REFRESH CYCLE (\.JRITE) 

tHC tHc 

tRAS 

vIH-
tAWR tRAs 

v1L-

tRCD tRSH tCHR 
sa ~ : II 

tCRP 

VIH-
tRAD 

VIL-
tASC 

AO-A8 

VIH-
WE/7rnITE I 

'TIL - / I 

II II 

VALID DATA-INI}------- OPEN 
VIL -

EZl]: "H" or "L" 

NOTE: DOUT=OPEN 
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CAS BEFORE [AS REFRESH COUNTER TEST CYCLE tRP 

RAS 
VIH -

VIL -

~ 
VIH - tcs 
VIL -

READ CYCLE 

AQ-A8 vIH - COLUMN ADDRESS 
vIL -

WB/WRITE VIH -

VIL -

OE vIH -

Wl/IOI-W4/I04 vOH ----~-------.o 

l 
VOL -

V IH - .....,...,...,~~:::!..---.t. ~..,...,...,...,......,..,~..,...,...,...,..,...,...,...,.......,~....--..l. ~"':"""""'.....L n-r-r-r'~""""""~"'" 
V IL - ~~ "F-----oif" "-'-'-.t.....I....4..""""-"-' .......................... ~~.J...J...I...~ 10---~ '"'-~ .......... ~~-'-

l2L2l: "H" or "L" 
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ADDRESSI ~IG 

TC514288AP/AJ/AZ-70, TC&14288AP/AJ/AZ-8o 
TC5142&8AP/AJ/AZ-lo 

The 18 address bits required to decode 1 of the 262,144 cell locations ,vithin 
the TCSI4268AP/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 (BAS), 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 WRITE 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 f=om the RAS clock chain. The I!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 

tyrite Cycle. A write cycle is performed by bringing (t·m/)WE low during the 
RAS/GS 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 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 (jIOi) that are kept low as RAS taIls the ,yri te operation 
is inhibited on the chip if WB(/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 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 OE are low. CS 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. 

\Vhen the OE ~nput is brought to a logical low level, the output buffer are 
enabled. Both CS and OE can control the output. Thus in a read operation, .either 
OE or CS returning high forces the outputs into the high impedance state. 
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OUTL INE DRA\:.JINGS 

• Plastic DIP 

m 19 18 17 16 15 14 13 12 II 

~t::::::::ull 
1 2 3 4 5 6 7 8 9 10 

24.7 MAX. 
~-"------------+5< I ..,: I 

~~~~I~I 
d 

-~ 
---t 

,i 1 

V 

12.54±O.25 
I .. .. I 

Note: Each lead pitch is 2.54mm. 

Unit in mm 

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

position with respect to No.1 and No.2a leads. 

All dimensions are in millimeters. 
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TC514268AP/AJ/Al·70,TC614288AP/AJ/Al~80 
TC514268AP/AJ/Al-l0 

• Plastic SOJ 

Unit in mm 

I I~02-1~27 I 
I • 26 25 24 23 22 18 17 16 15 g I 
,DO~~ 'nnnn n 

~I 

!I 
Ll ~~~~~~--T---~~~~~ 

INDEX DOT 

1 2 3 4 5 9 10 11 12 13 

.1 1.°·66-0.81 

~.J~ 
II " I 

0.41- 0.5 0 I I 11.27TYP. I 
I I • I 

9.5-9.9 

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. 
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• Plastic ZIP 

26.3 MAX. 

INDEX DOT 

if 
r- - r- r- r-

I 
I 

~ " " 
1.27TYP. 

2 6 8 12 14 16 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Unit in mm 

<0 
....; 

d 
....; 

+D.07 
0.25-0.05 

1.27TYP. 

2.54TYP. 

Toshiba does not assume any responsibility for use of any 

circuitry described; no circuit patent licenses are implied, 

and Toshiba reserves the right, at any time without notice, 

to change said circuitry, 
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TOSHIBAMOS MEMORY PRODUCTS 
1 MBit (256KX4) Field Memory 
SILICON GATE CMOS 

DESCRIPTION 

TC521000P 

PRELIMINARY 

The TC521000P is a CMOS 1 Mbit Field Memory 
organized as 256K word by 4 bits, and features separate 
inputs/outputs equipped with each 8 bit serial shift 
register (32K words x 8 bit shift register x 4 bits), and 
also featu res a high speed operation with a clock rate of 
33MHz (serial cycle time: 30ns). The TC521000P is a 
high speed serial read/write memory with a random 
access capability per 8 words, and is suitable for use in 

fieldlframe memory in digital TV, VCR and other video 
application systems which requires the improvement in 
picture quality and enhancement of performance. 

The TC521000P is fabricated using TOSHIBA's CMOS 
silicon gate process technology as well as advanced cir­
cuitry to provide low power dissipation and wide operat­
ing margins. 

FEATURES 

• High speed and low power 

Serial Access Time 

Serial Read Cycle Time 

Serial Write Cycle Time 

Read, Write Cycle Time 

Read-Modify-Write Cycle Time 

Read-Read-Write Cycle Time 

Power Dissipation 1 
Operating Power 

Standby Power 

• Organization: 32K word x 8 bit 
shift register 4 bit 

PiN CONNECTION 

VSS 
A7 

A6 

A5 

A4 
A3 

A2 

Al 
AO 

cs 
NC 
NC 
WE 
WS 

DIl 
DI2 
SIC 

DOl 
D02 

VSS 

20ns 

30ns 

30ns 

190ns 

240ns 

480ns 

550mW 

110mW 

VCC 
A8 

A9 

AIO 

All 
A12 
A13 

A14 
CE 
RFSH 
NC 
NC 
SF 
RS 
DI4 
DI3 
SOC 
D04 
D03 
5E 

40PIN 600MILS PLASTIC DIP 

• Single 5V power supply: 5V ± 10% 
• On-chip 8 bit shift registers 
• Separate inputs and outputs 
• Serial read/write, ReadNVrite, Read/Modify-Write, High Speed 

Read-Read-Write capability 
• Random Access Capability per 8 word 
• 512/8 ms refresh cycles 
• On-chip refresh counter 
• All inputs and outputs: TTL compatible 
• Package: 40 pin 600 mils wide standard plastic DI P 

PIN NAMES 

SYMBOL NAME 

AO~A14 Address Input 

CE Chip Enable Input 
--

OE Output Enable Input 

WE Write Enable Input 

WS Write Strobe Input 

RS Read Strobe Input 

CS Chip Select Input 

SIC Serial I nput Clock Input 

SOC Serial Output Clock Input 

011 ~ 014 Data Input 

001 ~ D04 Data Output 

RFSH Refresh Control Input 

SF Special Function Input 

Vcc Power (5V) 

VSS Ground (OV) 

NC Non Connection 
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tp 
.j::o. 

f.tQ~_~1tl 

SIC SOC 

D04 

D03 

DI4~ III , Ih ~D02 
DI3 I L_ 

A l.JVl,\O L A LJVJ.l<±t. ____ ~ ,,")1...'.1\,,-) I ~ -' I Iii i I DOl 

DI2 

DIl 

I !;'~:I~I~I~I~I~I~I~I~ Y#NOE' 
A14 

igijllhll ~CE 
t OS 

WS 

AS h--f I I r--"'1 I-V~~J-I I-v~. ~ I-un'~v-l I- vR';v ~ I-"~% -I I- vR~v~ I-~~-I I- v~~-I I ~ IIII_ 
W£iJ 

RS ; ~~ I ~ ~ 1512~ v~"1512~ v~··1512~ v~··15l2~ v~"1512~ v_n 1512~ v~··1512~ v~··1512~ v~"1 
AD ;2 CELL CEIJL CELL CELL CELL CELL CEl,l. CEI,L I ~ ut; SF 

SORn 
SIRn 

Serial Output Register 
Serial Input Register 

RLn 
WLn 

Read Latch CDn ••.. Column Decoder 
Write Latch SAn ...• Sense Amplifier 

IOSn ... I/O Switch 



IClfl •• 
PIN NAf\fES AND FUNCTIONS 

SYMBOL NAME FUNCTION 

AO'V A8 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. 

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) • 

SF Special Function The SF controls the column LSB A14 internally. 

WS Write Strobe Input The WS controls the transfer operation to Write 

Latch (WL) from Input Shift Register. 

WE Write Enable Input The WE controls the write operation into the 

memory cell. 

OE Output Enable Input The OE enables the DOl 'V D04 output buffers. 

RFSH Refresh Control Input The RFSH controls the auto refresh operation. 

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. 

DII'V DI4 Data Inputs Serial Input Terminals. 
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ABSOLUTE MAXIMUM RATINGS (Note: 1) 

SYMBOL ITEM RATING UNITS NOTES 

VIN-VOUT Input· Output Voltage -1 'V 7 V 2 

Vce Power Supply Voltage -1 'V 7 V 2 
Topr Operating Temperature O'V 70 °c 
Tstg Storage Temperature -55 'V 150 °c 

Tsolder Soldering Temperature· Time 260 • 10 °C·sec 
PD Power Dissipation 1 W 

lOUT Short Circuit Output Current 50 rnA 

REcor~~1ENDED DC OPERATING CONDITIONS (Ta=O'V 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS 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'V 70°C) 

SYMBOL PARAMETER (10) 
MIN. TYP. MAX. UNITS NOTES 

ICCI OPERATING CURRENT - 65 100 rnA 3, 4 
(CE, SIC, SOC Cycling: tc, tSIC, tsoc=min. ) 

ICC2 
STANDBY CURRENT 

3 20 rnA 
(CE=OE=VIH, SIC=SOC=VIL) -

ICC3 
REFRESH CURRENT 50 100 rnA 3 
(RFSH Cycling: tFC=tFC min.) 

-

III (L) 
INPUT LEAKAGE CURRENT (Except for SF Pin) 

-10 - 10 llA (OV ~ VIN ~ 6. 5V, All other pins not under test=OV) 

112 (L) 
INPUT LEAKAGE CURRENT (SF Pin ONLY) 

-50 50 j1A 
(OV ~ VIN ~ 6. 5V, All other pins not under test=OV) -

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 j1A (OV ~ VOUT ~ VCC, Output is disabled) -
VOH 

OUTPUT HIGH LEVEL VOLTAGE 2.4 - - V 
(IOUT=-5rnA) 

VOL 
OUTPUT LOW LEVEL VOLTAGE 
(IOUT=4.2rnA) - - 0.4 V 

CAPACITANCE (VCC=5V+lO% f=lMHz Ta=O'V 70°C) - 0, , 
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

CII Input Capacitance (AO'V A14) - 7 pF 

CI 2 Input Capacitance - 7 pF 
(CE, CS, RS, WS, WE, OE, SF, RFSH, SIC, SOC) 

CI3 Input Capacitance (DIl 'V DI4) - 7 pF 

Co Output Capacitance (DOl 'V D04) - 9 pF 
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AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VcC=5V±10%, Ta=O rv 70°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 

tSOH 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 (R~ad-Modify-Write Cycle) 90 
t WHC WE Hold Time 70 
twp WE Pulse Width 30 

tCWL WE-CE Lead Time 40 
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UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 
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ns 

ns 
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ns 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 



(Continued) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

tSWE WS-WE Set-up Time 20 ns 

tws WS Pulse Width 20 ns 

twsp WS Precharge Time 30 ns 

tWIH WS Inhibit Time referenced to WE 50 ns 

tWIHC WS Inhibit Time referenced to CE 100 ns 

tSIV SIC-WS Set-up Time 5 ns 

tSIH SIC-WS Hold Time 10 ns 

tDS Data Input Set-up Time 5 ns 

tDH Data Input Hold Time 5 ns 

tSFS SF-CE Set-up Time 0 ns 

tSFH SF-CE Hold Time 0 ns 

tCSL SF-CE Lead Time (Read-Read-Write Cycle) 50 ns 

tSSH SOC-SF Hold Time (Read-Read-Write Cycle) 20 ns 
tT Transition Time (Rise and Fall) 3 50 ns 7 

tREF Refresh Period 8 ms 

tFC Refresh Cycle Time 190 ns 

tCFD CE Precharge-RFSH Delay Time 80 ns 
t FAP RFSH Pulse Width 100 2,000 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=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) Output timings are measured with a load equivalent to 2 TTL load and 50pF. 

(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 

READ/SERIAL READ CYCLE 

eE 
VIH-

VIL-

VIH-
es 

VIL-

VIH-
AO -A14 

VIL-

VIH-
SF 

VIL-

WE 
VIH-

VIL-

VIH-
RS 

VIL -

VIH -
SOC 

VIL -

VIH -
OE 

VIL -

DOI-D04 
VOH -

VOL-

PREVIOUS DATA OUTPUT NEW DATA OUTPUT 

~ Don't Care 
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.WRlTE!SERIAL WRITE·C¥CLE 

tp 
_ VIH-
CE 

VIL-

VIH-
CS 

VIL-

AO -AU 
VIH -

VIL-

SF 
VIH-

VIL_ 

tWIHC 

VIH -
WE 

VIL-

_ VIH-
WS 

VIL -

VIH -
SIC 

VIL -

VOH_ 

DII-DI4 
VOL -

DATA INPUT DATA INPUT FOR NEXT CYCLE 

~ Don't Care 
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TC521000P 

READ MODIFY WRITE CYCLE 

tRMW 

VIE 
tp 

CE tCE 

VIL-

VIE -
CS 

VIL-

AO-A14 VIE -

VIL -

VIE -
SF 

VIL _ 

VIE -
RS 

VIL -

VIE -
SOC 

VIL -

VIE -
OE 

VIL -

VOE -
DOI-D04 

VOL -

VIE -
WE 

VIL -

VIE -
WS 

VIL -

SIC 
VIE -

VIL 

VIE -
DIl-DI4 

VIL -

~ Don't Care 
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READ-READ-WRITE CYCLE 

VIR-
CE 

VIL-

vIR-
es 

VIL-

VIH -
AO -A14 

VIL-

SF VIH -

VIL_ 

RS VIH -

VIL -

VIH -
SOC 

VIL -

OE 
VIH -

VIL-

DOI-D04 
VIL -

WE 
VIL _ 

V
OH 

_ 

WS 
VOL 

VIH 
SIC 

VIL 

DIl-DI4 
VIH 

VIL 

~ Don't Care 
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1'C621888. 

CE ONLY REFRESH 

tc 

VIR 
CE 

VIL 

VIR 
CS 

VIL 

AO-A8 
VIR 
VIL 

WE, A9'V 14 •....• Don't Care 

~ AUTO REFRESH 

VIR 
CE 

VIL tFC 

tCFD 
tFSC 

VIH tFAP 
RFSH 

VIL 

WE, A9'V 14 ....... Don't Care 

~ Don't Care 
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(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). 

CD 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. 

CD 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 ~ 

~----~~~~~------~r--IL----~.r---L---~~ 

CD6 

SA6 

32K 
CELL 
ARRAY 

Fig.2 Timing Diagram 

SOR5 

CD5 

SA5 

32K 
CELL 
ARRAY 

CD4 

SA4 

32K 
CELL 
ARRAY 

SERIAL OUTPUT 

cs ~ \1 L----. _____ _ 

AO -A14 WJI/X-RE-AD ~ADD----'R YII!/////J/////J//lJ/// III/IIJI/ !/IJ///; 

SOC 

DOl-4 
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TC5210D8P 

(2) WRITE/SERIAL WRITE CYCLE (Refer to Fig. 3, 4) 

DO The 8 bit input data are latched into the 8 bit serial input register (SIR) 
sequentially synchronized with SIC. 

aD The 8 bit input data latched into the SIR are transferred to the write latch 
(WL) at the falling edge of WS. 

CO 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
Write). 

~ The 8 bit input data latched into the WL are written into the selected address 
location at the falling edge of WE. 

Fig.3 Block Diagram 

~~~~~S;IR~6~F=========~~~~J=========~>f~~~======~) 
SERIAL INPUT 

CD6 CD5 CD4 

SA6 SA5 SA4 

lliJ 32K 32K 32K 
CELL CELL CELL 
ARRAY ARRAY ARRAY 

Fig.4 Timing Diagram 

cs --.J SI 
AHI< 21/liJX WRITE ADDli Y//// 1!If//J/////_Wr!llll! iii 

@U 

SIC 

DIl-4 

··················8 BIT DATA 
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(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. 

OJ 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. 

GO 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. 

m Then when SF goes high, the LSB bit (A14) of coulurnn addresses is changed to "1" 

from "0" automatically, and the data in the next column address are transferred 

to and latched into the RL. 

GJ 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 WS. 

UD The write address is latched at the falling edge of CE, and then the data stored 

in the selected address is read out, but the data already latched into the RL 

are protected and retained there because of maintaining the SF "high". 

UJ 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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Fig.5 Block Diagram 
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Fig.6 Timing Diagram 
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(5) REFRESH 

The TC521000P's refresh period is 8ms/512 cycles. 

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 CE cycle at each of the 512 

low address (AO'\, A8) within each 8ms time interval. 

5-2: RFSH auto refresh 

The RFSH auto refreshis available on the TC521000P. 

When the RFSH goes low under the condition of CE=high, 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 8ms time interval. 
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TI:521 000. 

OUTlIHEDRAW:iNGS 

Unit in rmn 

1 20 

o.5±o.15 

Note: Each lead pitch is 2.54mm. All leads are located within O.2Srnm of their 

longitudinal position with respect to No.1 and No.40 leads. 

- 8-19 -



- 8-20 -



,,' t ~ i ' ~ > , < 

'11':81 M8s~IElaRYPB01J,UCJS 
262,144 WORDSX4 BITS MULTIPORT DYNAMIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC524256P/Z is a CMOS Multiport memory 
equipped with a 262,144-word x 4 bit dynamic random 
access memory (RAM) port and a 512-word x 4 bit static 
serial access memory (SAM) port. In addition to the con­
ventional DRAM operation modes, the TC524256P/Z 
features a write-per-bit function on the RAM port; Bi­
directional transfer capability between the DRAM 
memory array and the SAM data register and a high speed 

'serial read/write capability on the SAM port. The RAM 
port and the SAM port can be accessed independently 

FEATURES 

ITEM 
TC524256P /Z 

-10 -12 

tRAC RAS Access Time (Max.) lOOns 120ns 

tCAC CAS Access Time (Max.) 50ns 60ns 

tRC Cycle Time (Min.) 190ns 220ns 

tpc Page Mode Cycle Time (Min.) 90ns 105ns 

tSCA Serial Access Time (Max.) 25ns 35ns 

tscc Serial Cycle Time (Min.) 30ns 40ns 

ICCl 
RAM Operating Current 

60mA 55mA (SAM: Standby) 

ICC2A 
SAM Operating Current 

40mA 35mA (RAM: Standby) 

ICC2 
RAM/SAM 

3mA Standby Current 

PIN NAMES 

AO-AS Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer/Output Enable 

WB!WE Write Per BitlWrite Enable 

Wl/IOl-W4/104 Write Mask/Data IN, OUT 

SC Serial Clock 

SE Serial Enable 

SIOl - SI04 Serial I nput Output 

Vcc Power (+5V) 

Vss Ground 

N.C. No Connection 

TC524256P/Z-10, 
TC524256P/Z-12 

PRELIMINARY 

except when data is being transferred between them 
internally. 

The TC524256P/Z is fabricated using TOSHIBA's 
CMOS silicon gate process technology as well as advanced 
circuitry to provide low power dissipation and wide 
operating margin.Multiplexedaddress inputs and a com­
mon input/output organization allow the TC524256P/Z 
to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP. System oriented features 
include a single 5V ± 10% power supply operation and 
compatibility with high performance schottky TTL logic. 
• 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 Vss 
generator 

• Read-Modify-Write, CAS before RAS refresh, Hidden 
refresh, Page mode, Write-Per-Bit, Read transfer, Write 
transfer, Serial read, Serial Write capabiHty 

• All inputs and outputs TTL compatible 
• 512 refresh cycle/8ms 
• Package TC524256P: 0.4 inches 28 pins standard 

Plastic DIP 
TC524256Z: 0.4 inches 28 pins standard 

Plastic ZI P 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic ZIP 

SC 1 VSS 

SIOl SI04 

SI02 SI03 
SI04 

Di/5E BE 
SC W!/IOl Wv'I04 

W2/!02 6 W3/I03 
SI02 

WFvWE N.C. 
N.C. CAS 

N.C. 
A6 

AS AO A4 
A6 Al 

A7 
A5 A2 /,.2 
A4 A3 AO 

VCC A7 
CAS 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEH 

VIN, VOUT Input Output Voltage 

VCC Power Supply Voltage 

Topr Operating Temperature 

Tstg Storage Temperature 

TSOLDER Soldering Temperature· Time 

PD Power Dissipation 
lOUT Short Circuit Output Current 

RECOMMENDED DC OPERATING CONDITION (Ta=O'V 70°C) 

SYMBOL PARAMETER MIN. 

VCC Power Supply Voltage 4.5 
VIH Input High Voltage 2.4 
VIL Input Low Voltage -1.0 

RATING 

-1.0 'V 7.0 
-1.0'V7.0 

O'V 70 

-55 'V 150 
260 • 10 

1 
50 

TYP. MAX. 

5.0 5.5 

- 6.5 

- 0.8 

TC524288PlZ-IO 
TC524256PlZ-12 

UNITS NOTES 

V 1 
V 1 

°c 1 

°c 1 

°C·sec 1 

W 1 
rnA 1 

UNIT NOTES 
V 2 

V 2 

V 2 

DC ELECTRICAL CHARACTERI STICS (Vcc=5V±10%, Ta=O'V 70°C) 
TC524256P/ TC524256P/ 

SYMBOL ITEM (RAN Port) 
SAM 
Port 

Z-lO 2-12 UNITS NOTES 
MIN. HAX. MIN. MAX. 

ICCI OPERATING CURRENT Standby - 60 - 55 3,4 
rnA 

ICC1A (RAS, CAS Cycling: tRC=tRC MIN.) Active - 100 - 90 3,4 

ICC2 STANDBY CURRENT Standby - 3 - 3 

ICC2A eRAS, CAS=VIH) 
rnA 

3,4 Active - 40 - 35 

ICC3 RAS ONLY REFRESH CURRENT Standby - 60 - 55 3 

ICC3A (RAS Cycling, CAS=VIH : 
rnA ~ 

tRC=tRC MIN. ) Active - 100 - 90 3,4 

ICC4 PAGE MODE CURRENT Standby - 50 - 45 3,4 

ICC4A (RAS=VIL , CAS Cycling: tpC=tpc MIN.) 
rnA 

Active - 90 - 80 3,4 

ICC5 CAS BEFORE RAS REFRESH CURRENT Standby - 60 - 55 3 

ICC5A (CAS Before RAS Cycling: tRC=tRCMIN.) 
rnA 

3,4 Active - 100 - 90 

ICC6 DATA TRANSFER CURRENT Standby - 60 - 55 3 

ICC6A (RAS, CAS Cycling: tRC=tRC MIN.) 
rnA 

3,4 Active - 100 - 90 

SYMBOL ITEM MIN. TYP. HAX. IJNITS INOTES 

II(L) 
INPUT LEAKAGE CURRENT 

-10 0 10 lJA (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 lJA 

VOH 
OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SIOi IOUT=-SrnA) 2.4 - - V ..... 

VOL OUTPUT Lm>J LEVEL VOLTAGE 
(Wi/IOi, IOUT=+4.2rnA) - - 0.4 V 

SIOi ..... 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=Orv 70°C) (NOTES 5, 6, 7) 

TC'524256Pj TC524256Pj 
SYMBOL PARAMETER 2-10 2-12 

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 RAS 100 120 

t CAC Access Time from CAS 50 60 

tOFF Output Buffer Turn-Off Delay 0 30 ° 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 referenced to RAS 70 85 

tRCS Read Command Set-Up Time 0 0 
t RCH Read Command Hold Time 0 0 

tRRH Read Command Hold Time referenced to RAS 10 10 

t WCH Write Command Hold Time 20 25 

tWCR Write Command Hold Time referenced to RAS 70 85 
twp Write Command Pulse Width 20 25 

tRWL Write Command to RAS Lead Time 30 35 

tCWL Write Command to CAS Lead Time 30 35 

tDS Data Set-Up Time 0 ° tDH Data Hold Time 20 25 
t RASP RAS Pulse Width (Page Mode) 190 10O,00C 225 ~OO,OOO 
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TC82425a'lt-lo 
TC524258P/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 

TC524256P/ TC524256P/ 

SYMBOL PARAMETER Z-lO Z-12 UNITS NOTES 
MIN. MAX. MIN. MAX. 

tDHR Data Hold Time referenced to RAS 70 85 
r--

twcs Write Command Set-Up Time 0 0 13 
r--

tmm RAS to WE Delay Time 125 150 13 

tCWD WE Delay 
r--

CAS to Time 75 90 13 
r--

t DZC Data to CAS Delay Time 0 0 
t DZO 

r--
Data to OE Delay Time 0 0 

r--

tOEA Access Time from OE 25 30 
r--

tOEZ Output Buffer Turn-Off Delay from OE 0 20 0 25 ns 10 
r--

tOED OE to Data Input Delay Time 20 25 
I----

tOEH OE Command Hold Time 20 20 
I----

tROH RAS Hold Time referenced to OE 20 20 
I----

tCSR CAS Set-Up Time for CAS Before RAS Cycle 10 10 
I----

tCHR CAS Hold Time for CAS Before RAS Cycle 20 20 
I----

t RPC RAS Precharge to CAS Active Time 0 0 
r---

tCPT 
CAS Precharge Time for CAS Before RAS 40 50 
Counter Test 

tREF Refresh Period 8 8 ms 

t WSR WB Set-Up Time 0 0 

tRWH WB Hold Time 10 15 
t MS Write-Per-Bit Mask Data Set-Up Time 0 0 

tMH IWrite-Per-Bit Mask Data Hold Time 10 15 

tTHS DT High Set-Up Time 0 0 

tTHH DT High Hold Time 10 15 
t TLS DT Low Set-Up Time 0 0 

r--
tTLH DT Low Hold Time 10 15 ns 

tRTH 
DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 80 95 

tCTH 
DT Low Hold Time referenced to CAS 30 35 
(Real Time Read Transfer) 

tESR SE Set-Up Time referenced to RAS 0 0 

tREH SE Hold Time referenced to 
- 10 15 RAS 

t TRP DT to RAS Precharge Time 80 90 
-

tRp DT Precharge Time 30 35 
....---

t RSD RAS to First SC Delay Time (Read Transfer) 100 120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION 

TC524256P/ TC524256P/ 

SYMBOL PARAMETER Z-lO Z-12 UNIT NOTES 
MIN. MAX. MIN. MAX. 

tCSD CAS to First SC Delay Time (Read Transfer) 50 60 
-

tTSL 
Last SC to DT Lead Time 
(Real Time Read Transfer) 5 10 

-
tTSD DT to Frist SC Delay Time (Read Transfer) 15 20 ,-
t SRS Last SC to RAS Set-Up Time (Serial Input) 30 40 

-
tSRD RAS to First SC Delay Time (Serial Input) 25 30 

-
tSDD RAS to Serial Input Delay Time 50 60 -
tSDZ 

Serial Output Buffer Trun-Off Delay Time 
10 50 10 60 10 

R..A.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 9 

-
tSE SE Pulse Width 25 35 

-
tSEP SF: 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 

-
tSWIH Serial Write Disable Hold Time 15 20 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO'V A8) - 5 

CI2 Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) - 5 
pF 

CIOI Input/Output Capacitance (Wl/IOI 'V W4/I04) - 7 

CI02 Input/Output Capacitance (SIOl'V SI04) - 7 
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NOTES: 

tC52~2,.Pt~t'O 
TC524~a.tIZ~t2 

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. These parameters depend on cycle rate. 

4. These parameters 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 and any 8 SC cycles before proper device operation is achieved. In case 
of using internal refresh counter, a m1n1mum of 8 CAS Before -RAS initialization 
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. RAM port outputs are measured w"ith a load equivalent to 2 TTL loads and lOOpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and SOpF. 

10. tOFF(max.), tOEZ(max.) tSDZ(max.) and tSEZ(max.) define the time at which the 
output achieve the open circuit condition and are not referenced to output 
voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycles. 

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 cycles and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tR\-m ~ 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 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 WB/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) H * CAS-before-RAS Refresh 

H Valid H L * Write-per-Bit 

H Valid L H * Read Transfer 

H Valid L L L Write Transfer 

H Valid L L H Pseudo-Write Transfer 

(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 TC524256P/Z, are multiplexed onto 9 ad­
dress 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). 

DATA TRANSFER/OUTPUT ENABLE (DT/DE) 

The DT/OE input is a multifunction 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. When 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 (WE/WE) 

'rcfz.!.'i~li. 
tC5242a"P/Z~12 . 

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 is used. When WB/WE is 'low' at the falling edge of RAS, the bit write­
mask is enabled. When WE/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 DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of 
RAS, the data is transferred from RAM 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 (Wl/IOI to W4/I04) 

When 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 MODE 

The page mode feature of the TC524256P/Z allows data to be transferred 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. 

ill-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 also offers an internal refresh function. When CAS is 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. 

During a CAS-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 
specified RAS-precharge period (refer to figure 1). 

Figure 1: Hidden refresh cycle 

WVIOI 

~W4/I04 

Memory 
Cycle 

Refresh 
Cycle 

Refresh 
Cycle 

\~------------------~I 

----------------~(~ __________ v_a_l_i_d_D_a_t_a __ O_u_t_p_u_t ________ ~__=>~-----
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''fC_24Z58'/z~t8 
TC524258P/Z~12 

WRITE-PER-BIT FUNCTION 

The ~~ite-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 (WM1). When a '0' 
is sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled 
and new data will not be written. 

When a '1' is sensed on any of the Wi/rOi 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 in table 2. 

Table 2: Truth table for write-per-bit function 

At the falling edge of RAS 
Function 

CAS DT/OE WE/WE Wi/IOi (i=l tV 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 

"H" 

AO-A8 7Jlj,---,..RO_W....Jy COLUMN Ylij/liIi)i 
DT/DE 

"H" 

i'iJ/'W""'E- 7fl>... "L" 

I 
O///l//j 

w 1/101 Ji7A Ma s ~ [//IV///{!(/IIi;//1/ 
I 1 

W2/102 ?llI EnablC-l Yl!writel'l"'<II!()!R 

I I 
W3/I 0 3 VA Ma sk [II!))//i/II//I //Jii; 

W4/I04 ZlJ En~bl~ W~ite"o"m7701/ 
I I 

Figure 3: Corresponding bit-map 
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TRANSFER OPERATION 

The TC524256P/Z features bi-directional 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/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 510 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 510 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 Start Address 

Q999~~9999'99~'99~)99~'99~'99~19~19 

p:; 

2§ 512X4bit 
o 
o 

"" A 512 X 512 X 4bit 

~ Memory Cell Array 
p:; 

S101-8104 

Serial Read 
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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/DE (refer to Figure 5). 

Figure 5: Read-transfer cycle (preceded by a write-transfer cycle) 

RAS J ________________________ 1 } 
CAS ~ "H" 

I r----6-/----J! 
AO-A8 W@.i2>< ROW ~--)@( SAM Start WI/III/II//)///0Ij//z 

I 
WE/WE '!il[(i7P} Vl/fl/l 1///////J///Jiffll7//1l///f//i/ 
DT/OE 

Inhibit rising transi tion 

In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO 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, wi.thout 
any timing loss. To make this continuous data flow possible: the rising edge of 
DT/BE must be synchronized with RAS, CAS and the subsequent rising edge of SC (refer 
to Figure 6). 

Figure 6: Real-time read transfer cycle 

RAS ----------------------------~I l' 
CAS "H" } ____ ----J1 
AO-A8 W< ROW ~-~X'------,.S-AM-S-ta-rt ----,XI/////////I11////J///II/j/ 

I 
WE/WE W "H" WIll/mil /II 11(//// //flf////fl J//!I(/jJiZ 
DT/OE \ "L" ~------------------~I 
se 

S101-8104 

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 VIR 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 

RAS ~ I 
CAS "HI! 1 I I 
AO-A8 7Jlllj ROW X SAM Start YlllJlI I IZ! II IlJJZI I 

I 
WE/WE 771Tb. "L" llJJ I IZlZlJ.J I 1lJ11 I IlJ1ll7J 171 Ii. 
DT/OE 17!llA "L" 0711 I I lu Illl! JZ/ I7ZIJ I f[[[lZlt. 

m;;fi, 'm117/Trnrni Ci SC 

SE 

SI01-SI04 DATA-IN DATA-IN DATA-IN 

Serial Writs transfered ROW Serial Writs for New ROW 

SAM Stac1:rdr~'OI-B'04 
~ . 

Elm!ZLrzn./:55:1L~20X~4lib;iitt LZ?7.Z.~ ¢:J SELECT ROW 

512X 512X4 bi t 

~ Memory Cell Array 
0:; 
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PSEUDO-WRITE-TRANSFER CYCLE 

':Tt52425I1P/t~11J~ 
:t&:1,24.j'/~:12 

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, 
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 
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 ~ IIHII } L 7 
AO~A8 7l~ ROW ~ SAM Start XI llJILl L1ZZZI ILliZI I L 

WE/WE 7J1![l1(]A IILI! !lV IZI IZV fll[/Jj I I I I I I I II /ZI IILZZZZlL 
DT/OE 1Z{/lZZI I'A IILI! ///1m 10II0IIomWIO//7I/////J/; 
sc Inhibit rising transition 

SIOI-SI04 =====x DATA-OUT .1 

Serial outp.lt mcde 

(jjj~~~ D_ATA_-IN ___ _ 

Serial inp.lt IDXle 
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SAM PORT OPERATION 

The TC524256P/Z is provided with a 5l2-word by 4-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 con­
figured 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. 

r O
-

1
-

2
-

----- 509 - 510 - 511 

Tap location determined by 
column address 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 write data into the 
SAM port. This cycle switches the SAM 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 SAM 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 Jl mode H disable serial read 
H* 

write- serial L enable serial write 
input JL 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. 

- 8-36 -



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 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 (§E) 

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 ad­
dress pointer location is still incremented when SC is clocked even when SE is high. 

SERIAL INPUT/OUTPUT (SIOI tV 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 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 HAVEFORMS 

READ CYCLE 

tRC 

tRAS tRP 

RAS 
VIH 

VIL 1\ tAR lJ 
tCSH 

CAS 
VIH 

VIL 

VIH 
AO-AS 

VIL 

VIH 
WB/WE 

VIL 

tCRP 
tRCD tRSH tCPN I F I -

~ ~\ 
tCAS 

~V Jr--.... 
~ ItRAH I!ASC. tCAH I j 

~ ROW ~F COLUMN I\.(xxxxxxxxx :x.x1l0l IXXXXXXXXXXX 

ADiTS . ~ ADDRESS ,..." XXXXXXXX xx . xx XH\ 

I 
tRCH 
~ 

tRRH 

xxxx X xx lVl0ll0llY X X XXX XXXXx X 
\f011'llx X lx . 't,ll Xx llx X Xlx xlI xxxxXXXXXXY 

tROH 

DT/DE 
VIH 

VIL 

~ I :THH .. 

:(jJJff- ~ \~ J 
~ tOEA 

I----
VIH 

["N VIL 

Wl//Ol 

W4/I04 

VOH 
OUT 

VOL 

xxnxxxxxxx 

WNl0lN'Nx 
tCAC ~ 

tRAC tOEZ 

.J VALID DATA-OUT OPEN 
\- V 

~ Don't Care 
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WRITE CYCLE (EARLY WRITE) 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

AO-AS 
VIH -

VIL -

VIH -

·· ... c5242sa'jz..lO 
. TC824268:P/Z"J 2· 

tRP 

nT/OE VIH -~~~~~_t--~~~~~~~~~vv~~~~~~~~~~~~~~~~~1nr. 

VIL -

VIH -

Wl~I01[I.N 
W4/I04 

OUT 
VOH -

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

~Don't Care 
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WRITE CYCLE (0£ CONTROLLED WRITE) 

tRC 

tRAS tRP 

RAS 
VIH tAR 

VIL 
tCSH 

tRCD tRSH 

CAS 
VIH tCAS 

VIL 

tCAH 

vIE 
AO-AS COLUMN 

VIL 
ADDRESS 

vIE 
WB/WE 

VIL 

DT/OE 
VIH 

VIL 

VIH 

Wl~IOl ['N VIL 

W4/I04 
VOH 

OUT OPEN 
VOL 

~Don't Care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 

VIH-----..I 

VIL -

CAS 
VIH -

VIL -

VIH -
AO-AS 

VIL -

WB/WE VIH -

VIL -

DT/DE 
VIH -

VIL -

VIH 

["N VIL 

W~Ol' 

W4/l04 
VOH 

OUT OPEN 
VOL 

~ Don't Care 



PAGE MODE READ CYCLE 

AO-A8 

WB/WE 

DT/6E 

W~Ol 

W4/I04, 
[

IN 

OUT 

~ _____ t_A_R ______ ~ ________ t_R_AS_P ________ ~~ ________ ~/~ VIR - ---::I 

VIL - \~-
tpc tpc 

tCRP 

F tcP 
~ 

VIH r VIL -

~ tCAS /1 \ tCASl1 1\ tCAS Jll 
tCSH -Jl.¥ I 

t,..A_SR~+-+t_RAH_{_~t /2 '"~ I .2 ~ tCAIl ~ I\'-- tCAR I I 
VIH -~ ROW ~ COLUMN -~~~~CO':"L-T-TUN--::t..·m~ ~ COLTTl1N "K"HX)(XYv\ 

I XX : X XI u'"' I~l}..\_f(ll ADDRE~S ,,xvXx' XvXx xvXv'ivI VIL _ ADD ~ ~ ADDRESS .-,:.w.:w ... ADDRESS _ ~,.- ~"A 1\1\1 

I 
tRCl ~t-I- l~R 

vIR 

VIL 

VIR 

VIL 

tRQ.~ tRCHl tRQ!i ..l ~ 
-, I ~ J 

XXXXX .XX XXX" t.x X X X X :)( X X X Y 
A}"XA}'XXXXT 

tDZO 
~ 

Xx)()()()( X 

tOEA tOFF 
-- f--.--

~ ~ 

I VALID I VALID 1\ .J VALID >--
---- OPEN----<, DATA-OUT /)-----<, DATA-OUTIfJ-o----,(IDATA-OUT 

~ Don't Care 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
CAS 

V1L 

VIH 
AO-AS 

VIL 

VIH 
WB/WE 

VIL 

Wl~I01[IN 
W4/I04 

OUT 
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OPEN Sf 

. TC524258 P/Z-l 8 
TC824258PlZ~12 

~ Don't Care 



PAGE MODE READ-MODIFY-WRITE CYCLE 

-RAS 

CAS 

AO-A8 

rIN 

Wl./IOl 
I 

W4./'I04 

VIL -- ~ __________ ~ __________________________________________________________ ~ 

VIH 

VIL 

VIH 

VIL 

-----~+-:A-".-~~~\\~~--+-t-C-A-S----~~~~~-------t-C-A-S--~~~\;:~~~~~t_C~_A~_S~_~ ____ ~~~IIJ~_-_--J~J'-r-

tWSR 

~ 
tRWL 

COLUMN llA "xMIY'x COLUMN . .()(XXXX XXXXA. COLUMN .fxNlx"x"ll Vx "lllx 
ADDRESS ,{XX X xx X1 ADDRESS ;XVxxll X0lll\'r-ADDRESS ~XXX xx xxx xx X XX 

twp 
~ 

tcwn ~F--V 
t----------t 

.....--t_CWD~\[} 
~--_r4_-t_R~WD---~: I 

tTHH 
~_~ II 

'tDZC 
-r--

::: -I tnz; ~ '"J~--+l!--i-1 -t-DZ-:;--t-liL~J 
_ t DS 

I-:'~ ~ ~- ~-

VIn -~ ~7V~ tnzo rL-~~u_-+--+_-+' ~_O_ED·</1~2~1~)_D_Z-+-+--+h_O_Eo(DI: ~~:::A' 'N '" 
VIL -fiF-__ Y\1l ~r-\ .'A ~~ll_)\l. ~~ ~'<)(XXXX)()( 

tOEA ~ ~EJ\ '-T tOEA 
1--- VALID VALID - VALID 
~ toEZ DATA-IN tCAC tOEZ DATA-IN Itl DATA-IN 

L VOH 
OUT '--1\ 

~ ~ 

~ f-- I-CA~ to~ 

- ~I\. , , I\. 
, , 'I , 'I 

\ ~ ~ 
VALID VALID VALID 
DATA-OUT DATA-OUT DATA-oUT 

~ Don't Care 
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o~' ,,'>'~' ~ ~ ",' <-

·tc.4tslpt~t8 
JC524251'P/Z~12 

RAS ONLY REFRESH CYCLE 

tRC 

tRP 

RAS 
vIH- tRAS 

vIL-

VIH-
CAS 

VIL-

AO-A8 
VIH-

VIL-

WI/IOI VOH-
I ---------------------------- OPEN 

W4/I04 VOL-

~ Don't Care 
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CAB BEFORE BAS REFRESH CYCLE 

RAS 

CAS 

WB/WE 

DT/DE 

WI/IOI 
I 

W4/I04 

VIH 

VIL 

VIR 

VIL 

VIE 

VIL 

VIE 

VIL 

VOE 

VOL 

= 
I 

Note: AO tV A8=Don' t Care 
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HIDDEN REFRESH CYCLE 

RAS 
VlH-

VIL-

CAS 
VIH-

VIL-

VlH-
AD-AS 

VIL-

WB/WE 

DT/OE VIH-

VIL-

Wl/lOl VOH-
I 

W4/I04 VOL-

tRC 

tRAS 
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VALID DATA-OUT 

lC524258P/Z-l0 
TC5242<56P/Z~12 

tRC 

~ Don't Care 



REAL TIME READ TRANSFER CYCLE 

RAS 

CAS 

AD-AS 

WB/WE 

DT/OE 

WI/IOI 
I 

W4/I04 

SC 

SI~l 

SI04 
[

IN 

OUT 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

Note: SE=VIL 

Previous Row Data __ : _ New Row Data 
I 

~ Don't Care 
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1£524258P /Z-10 
1£524258P/Z-12 

READ TRANSFER CYCLE (Previous transfer is write transfer) 

CAS 

AD-A8 

Wl3/WE 

DT/OE 

Wl/IOl 
I 

W4/I04 

se 

SIlOl 

SI04 
[

IN 

OUT 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VOH 

VOL 

Note: SE=VIL ~ Don't Care 
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WRITE TRANSFER CYCLE 

AD-AS 

Wl/IDl VOH 
I 

W4-/I04- VOL 

se 

SI~l 

SI04 [

IN 

OUT 

tRe 

tRAS 

t 

tesH 

~RSH tcPN 

teAs 

tCAR 

OPEN 

tSRD tscc 

Inhibit Rising Transint 

~------~1~~~~~~~~~~~~~~~~~~~~~111-------~ 

Previous I :_ New Row Data 
Row Data -: I 

I I 

OPEN 

~ Don't Care 
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PSEUDO WRITE TRANSFER CYCLE 

VIN -
RAS 

VIL -

VIN -
CAS 

VIL-

VIN -
AO-AS 

VIL -

WB./WE 
VIH -

VIL -

D'T/OE 
VIH 

VIL 

Wl/IOI VOH 
I 

W4/104 VOL 

VIH -
SC 

VIH 

SIlO 1 [IN VIL 

SI04 
VCH 

OUT 
VOL 

tRC 

tRAS tRP 

tAR 

tCSH 

tRSH 

tCAS 

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

Inhibit Rising Transient 

tSCA 

tSOH 

tSDD 

tSDZ 

VALID 
DATA-OUT 

Sdrial __ I 
Output Mode I 

I 
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' __ Serial 
I Input Mode 
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 

VIE --------------------------------------~ 
~L-- ~ 

~ tTEE 1 

VIE --------------------------------l~~~~--~\~----------------------­
DT/OE V

IL 

-- ____________________________ --J ~ ____________________ __ 

se 

VIL -- ____________ ~------J 

VIL -

VOH --

VOL --

SERIAL READ CYCLE (SE=VIL) 

8e 

8101 
I 

8104 

VIE -

VIL -

VOE -

VOL -

Note: SE=VIL 

~ Don't Care 

______ ----J/ 

~ Don't Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 

~---tTHH _--.J

I 
:::--________________________________ -J~ ~~ ______________________ __ 

se 

VIH-~-----,. 

VOH -- ------------------------------------ OPEN 
VOL -

~ Don't Care 

SERIAL WRITE CYCLE (SE=VIL) 

VIL -- ~~THH -----II 
m/OE ::: - __________________________ -.J~ \~ ______________________ _ 

se 
VIH -

VIL -

SIOl vOH-
t 

SI04 VOL-

Note: SE=VIL 

tsec tscc tscc tscc 

~Don't Care 
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OUTLINE DRAWINGS 

• Plastic DIP 

Z 
H 
::E 
Ii) 

CIi 

28 

1.4±o.15 

Note: Each lead pitch is 2.S4mm. 

15 

14 

Z 
H 
::E 
Ii) 

d 

Unit in IIIIJI 

1 o.16±o.2 5 

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

with respect to No.1 and No.28 leads. 

All dimensions are in millimeters. 
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J.~P~~. 
Te.42'.'lZ~12 

• Plastic ZIP 

Unit in mm 

36.83 MAX. 

/ "I 
(\( 

~ d 
-H :::s II) 

<0 oj 
.--! 

INDEX DOT d 
.--! 

0 
l- I- l-

I- l- I- I- l-

I 
I 

'f 'f 'f , 
" 'f 'f 'f 'f 'f 

.. 11.a.5±a.1 1.27 TYP. 
1.27 TYP. 

2.54 TYP. 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 

~ 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 

Note: Each lead pitch is 1.27mrn. 

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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TC524256J-l0 
TC524256J-12 
PRELIMINARY 

The TCS242S6J is a CMOS Multiport memory equipped with a 262,144-word x 4 bit dynamic 
random access memory(RAM) port and a S12-word x 4 bit static serial access memory(SAM) 
port. In addition to the conventional DRAM operation modes, the TCS242S6J features 
a write-per-bit function on the RAM port; Bi-directional transfer capability between 
the DRAM memory array and the SAM data register and a high speed serial read/write 
capability on the SAM port. The RAM port and the SAM port can be accessed independ­
ently except when data is being transferred between them internally. 
The TC5242S6J is fabricated using TOSHIBA's CMOS silicon gate process technology as 
well as advanced circuitry to provide low power dissipation and wide operating margin. 
Multiplixed address inputs and a common input/outpu~organization allow the TC524256J 
to be housed in a standard 32-pin, 400-mil wide plastic SOJ. 
System oriented featrues include a single SV±lO% power supply operation and compati­
bil~ty with high performance schottky TTL logic. 

ITEM TC524256J 
-10 -12 

tRAC RAS Access Time (Max. ) lOOns l20ns 

tCAC CAS Access Time (Max. ) SOns 60ns 

tRC Cycle Time (Min. ) 190ns 220ns 

tpc Page Mode Cycle Time(Min.) 90ns 105ns 

tSCA Serial Access Time (Max.) 25ns 35ns 

tscc Serial Cycle Time (Min.) 30ns 40ns 

ICCI 
Rfu~ Operating Current 

60mA 55mA (SAM: Standby) 

ICC2A SAM Operating Current 
(RAM: Standby) 40mA 35mA 

ICC2 
RAM/SAM 3mA Standby Current 

;;;'j C '''i" '" ' ~ ,>, , 

AO"'A8 Address Inputs 
RAS Row Address Strobe 

CAS Column Address Strobe 
DT/OE Data Transfer/Output Enable 

WB/WE Write Per Bit/Write Enable 

Wl/IOl'" W4/I04 Write Mask/Data IN, OUT 

SC Serial Clock 
SE" Serial Enable 

SIOl'" SI04 Serial Input Output 
VCC Power (+5V) 
VSS Ground 
N.C. No Connection 

• Organization 
RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 

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

• Read-Modify-Write, CAS before RAS 
refresh, Hidden refresh, Page mode, 
Write-Per-Bit, Read transfer, Write 
transfer, Serial read, Serial Write 
capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycle/8ms 
• Package TC524256J: 0.4 inches 32 pins 

standard 
Plastic SOJ 

P 1 a s tic SOJ 



• Plastic SOJ 

Unit in mm 

20.828 - 21.082 

32 17 

r--
00 N 
N ~ 

0 
-D 

.-..... 0\ .-

"'" r-- 0\ M .- ..;t 
~ 0 ~ 

0\ 

1 16 

-D Z 
U"\ ~ 

U"\ x 
M 

00 

"'" 
0 
..;:t 
U"\ 

N 

0.33 - 0.53 

0.66 - 0.81 

Note: Each lead pitch is l.27mm. 

All dimensions are in millimeters. 
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262,144 v\oRDsx4 BITS MULTIPORT DYNAMIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC524257P/Z is a CMOS Multiport memory 
equipped with a 262,144-word x 4 bit dynamic random 
access memory (RAM) port and a 512-word x 4 bit static 
serial access memory (SAM) port. I n addition to the con­
ventional DRAM operation modes, the TC524257P/Z 
features a logic function and a write-per-bit function on 
the RAM port; Bi-directional transfer capability between 
the D RAM memory array and the SAM data register and 
a high speed serial read/write capability on the SAM port. 
The RAM port and the SAM port can be accessed in­
dependently except when data is being transferred 

FEATURES 

ITEM 
TC524257P/Z 

-10 -12 

tRAC RAS Access Time (Max.) lOOns 120ns 

tCAC CAS Access Time (Max.) 50ns 60ns 

tRC Cycle Time (Min.) 190ns 220ns 

tpc Page Mode Cycle Time (Min.) 90ns 105ns 

tSCA Serial Access Time (Max.) 25ns 35ns 

tscc Serial Cycle Time (Min.) 30ns 40ns 

ICCl 
RAM Operating Current 

60mA 55mA (SAM: Standby) 

ICC2A 
SAM Operating Current 

40mA 35mA (RAM: Standby) 

ICC2 
RAM/SAM 

3mA Standby Current 

PIN NAMES 

AO-A8 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer /Output Enable 

WB/WE Write Per Bit/Write Enable 

Wl/IOl - W4/I04 Write Mask/Data IN, OUT 

SC Serial Clock 

SE Serial Enable 

SIOl - SI04 Serial In~t Output 

Vcc Power (+5V) 
"-

Vss Ground 

N.C. No Connection 

TC524257P/Z-10, 
TC524257P/Z-12 

PRELIMINARY 

between them internally. 
The TC524257P/Z is fabricated using TOSH I BA'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 com­
mon input/output organization allow the TC524257P/Z 
to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP. System oriented features 
include a single 5V ± 10% power supply operation and 
compatibility with high performance schottky TTL logic. 

• 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, Write-Per-Bit, Raster operation, 
Read transfer, Write transfer, Serial read, Serial write 
capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycle/8ms 
• Package TC524257P: 0.4 inches 28 pins standard 

Plastic DIP 
TC524257Z: 0.4 inches 28 pins standard 

Plastic ZIP 

PIN CONNECTION (TOP VIEW) 

Plastic DIP 

SC 1 VSS 
SI01 SI04 

8102 8103 

DT/OE SE 
W1/101 W4,/104 

W2/102 6 W3/I03 

WB/"WE N.C. 

CAS 

N.C. 

AS AO 

A6 Al 

A5 A2 

A4 A3 

VCC A7 

Plastic ZIP 

N.C. C 
W4,/I04 ~J 
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BLOCK DIAGRAM 

AO 

A1 

WVIOl 
A2 

A3 W2/I02 

A4 W3/I03 

A5 W4/I04 

A6 

A7 

AS MEM OR YARRA Y z I'il o tl:< 

~1=l 
A 

512x512 
0 

<>: W 0 

~ H Z 
X 4 bi t 0, eJ 8 o I'il 

tl:< E-< 

2~ ~ 
I'il 

eJ <>: 0, 

3~ 0 

TRANSFER 
GATE 

::I:tl:< SERIAL 
wl'il REGISTER 
f2E-< 512 X 4 
&1 S 
tl:<8 

SIOl 

SI02 

sr03 

S104 

---0 Vcc 

---0 VSS 
CLOCK 

GENERATOR 
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ABSOLUTE MAXIMUM 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 
PD Power Dissipation 1 W 1 

lOUT Short Circuit Output Current 50 rnA 1 

RECOMt,1ENDED 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/ 

SYMBOL ITEM (RAM Port) 2-10 2-12 UNITS NOTES 
Port MIN. MAX. MIN. MAX. 

ICCI OPERATING CURRENT Standby - 60 - 55 3,4 
(RAS, CAS Cycling: tRC=tRC MIN.) Active 

rnA r-----, 
ICCIA - 100 - 90 3,4 

ICC2 STANDBY CURRENT Standby - 3 - 3 rnA 
ICC2A (RAS, CAS=VIH) 

r---
jActive - 40 - 35 3,4 

ICC3 RAS ONLY REFRESH CURRENT Standby - 60 - 55 3 

ICC3A (RAS Cycling, CAS=VIH: tRC=tRC MIN.) !Active 100 90 
rnA 

3,4 - -
ICC4 PAGE MODE CURRENT Standby - 50 - 45 3,4 

(RAS=VIL, CAS Cycling: tpC=tpc MIN.) 
rnA 

ICC4A !Active - 90 - 80 3,4 
ICC5 CAS BEFORE RAS REFRESH CURRENT Stadnby - 60 - 55 3 

ICC5A (CAS Before RAS Cycling:tRc=tRC MIN.) !Active 
rnA -- 100 - 90 3,4 

ICC6 DATA TRANSFER CURRENT Standby - 60 - 55 rnA 3 
"---

ICC6A (RAS, CAS Cycling: tRC=tRC MIN.) !Active - 100 - 90 3,4 

SYMBOL ITEM MIN. TYP. MAX. UNITS NOTES 

II(L) 
INPUT LEAKAGE CURRENT 

-10 0 10 llA (OV ~ VIN ~ 6. 5V, All Other Pins Not Under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 0 10 llA 
(Output is disabled, OV~ VOUTS 5.5V) 

VOH OUTPUT HIGH LEVEL VOLTAGE 2.4 V (Wi/IOi, SIOi •••• IOUT=-5rnA) - -

VOL OUTPUT LOW LEVEL VOLTAGE - - 0.4 V 
(Wi/IOi, SIOi •••• IOUT=+4.2rnA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O'\.. 70 D C) (NOTES 5, 6, 7) 

TC524257P/ TC524257P/ 
SYMBOL PARAMETER Z-lO Z-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 RAS 100 120 
tCAC Access Time from CAS 50 60 
tOFF Output Buffer Turn-Off Delay 0 30 ° 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 
tcp CAS Precharge Time (Page Mode) 30 35 
t ASR Row Address Set-Up Time 0 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 

tWCH Write Command Hold Time 20 25 
t WCR Write Command Hold Time referenced to RAS 70 85 
twp Write Command Pulse Width 20 25 

tRWL Write Command to RAS Lead Time 30 35 
---

tCWL Write Command to CAS Lead Time 30 35 
t DS Data Set-Up Time ° a 
tDH Data Hold Time 20 25 
tRASP RAS Pulse Width (Page Mode) 190 P-0O,OOO 225 1100, 000 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 

TC524257P/ TC524257P/ 
SYMBOL PARAMETER Z-lO Z-12 UNITS NOTES 

NIN. NAX. MIN. NAX. 

tDHR Data Hold Time referenced to RAS 70 85 

twcs 
r-----

Write Command Set-Up Time 0 0 13 
tRWD 

I---
RAS to WE Delay Time 125 150 13 

r-----
tCWD CAS to WE Delay Time 75 90 13 

tDZC 
I---

Data to CAS Delay Time 0 0 
I---

tDZO Data to OE Delay Time 0 0 
r-----

tOEA Access Time from OE 25 30 
I---

tOEZ Output Buffer Turn-Off Delay from OE 0 20 0 25 ns 10 

tOED OE to Data Input Delay 
r-----

Time 20 25 
I---

tOEH OE Command Hold Time 20 20 
t ROH RAS Hold Time referenced to OE 

I---
20 20 

tCSR CAS Set-Up Time for CAS Before RAS Cycle 
r-----

10 10 
tCHR CAS Hold Time for CAS Before RAS Cycle ----20 20 

tRPC 
I---

RAS Precharge to CAS Active Time 0 0 ----tCPT CAS Precharge Time 
Test 

for CAS Before RAS Counter 40 50 

tREF Refresh Period 8 8 ms 

tWSR WB Set-Up Time 0 0 
r-----

tRWH WB Hold Time 10 15 
-

tNS Write-Per-Bit Mask Data Set-Up Time 0 0 -
tMH Write-Per-Bit Mask Data Hold Time 10 15 -
tTHS DT High Set-Up Time 0 0 

-
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) 

I---
tESR SE Set-Up Time referenced to RAS 0 0 

r-----
tREH SE Hold Time referenced to RAS 10 15 

I---
tTRP DT to RAS Precharge Time 80 90 

tRP 
r-----

DT Prechaege Time 30 35 
I---

tRSD RAS to First SC Delay Time (Read Transfer) 100 120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 

TC524257P/ TC524257P/ 

SYMBOL PARAMETER Z-lO Z-12 UNIT NOTES 
MIN. MAX. MIN. MAX. 

tCSD CAS to First SC Dealy Time (Read Transfer) 50 60 

tTSL 
Last SC to DT Lead Time 

5 10 (Real Time Read Transfer) 

tTSD DT to First SC Delay Time (Read Transfer) 15 20 

tSRS Last SC to RAS Set-Up Time (Serial Input) 30 40 

tSRD RAS to First SC Delay Time (Serial Input) 25 30 

tSDD RAS to Serial Input Delay Time 50 60 
Serial Output Buffer Turn-Off Delay from 

f---

tSDZ RAS (Ps.eudo Write Transfer) 10 50 10 60 10 

tszs Serial Input to First SC Delay Time 0 
f---

0 
r----

tscc SC Cycle Time 30 40 
tsc 

r---
SC Pulse Width (SC High Time) 10 15 

r---
tscp SC Precharge Time (SC Low Time) 10 15 ns 

Time from SC 
r----

tSCA Access 25 35 9 

tSOH Serial Output Hold Time from SC 5 5 

tSDS 
r----

Serial Input Set-Up Time 0 0 

tSDH Serial Input Hold Time 20 30 

tSEA Access Time from SE 25 35 9 

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 
f---

tSZE Serial Input to SE Delay Time 0 0 
f---

tsws Serial Write Enable Set-Up Time 5 10 

tSEH Serial Write Enable Hold Time 15 20 
r---

tSWIS Serial Write Disable Set-Up Time 5 10 

tSWIH Serial Write Disable Hold Time 15 20 
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RASTER OPERATION WRITE CYCLE 

TC.6:24U1P/Z-lO· 
rCi2428lP/Zli12 

ELECTRICAL CHARACTERISTICS AND RECm1MENDED AC OPERATING CONDITIONS 

(VCC=5V±10%, Ta=O'V 70°C) (NOTES 5, 6, 7) 

TC524257P/ TC524257P/ 
SYMBOL PARAMETER 2-10 2-12 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tFRC Write Cycle Time 220 260 15 
-t FRWC Read-Write Cycle Time 280 330 15 
-

tFPC Page Mode Write Cycle Time 120 145 15 -
tFPRWC Page Mode Read-Write Cycle Time 180 215 15 

tFRAS RAS Pulse Width 130 160 ns 15 -
tFRSH RAS Hold Time 80 100 15 -t FCSH CAS Hold Time 130 160 15 -
tFCAS CAS Pulse Width 80 100 15 -
tFRWL Write Command to RAS Lead Time 60 75 15 

tFCWL Write Command to CAS Lead Time 60 
r----

75 15 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO'V A8) - 5 

CI2 Input Capacitance (RAS, CAS, DT/OE, WE/WE, SC, SE) - 5 

CIOI Input/Output Capacitance (W1/I01 'V W4/I04) 7 
pF 

-
CI02 Input/Output Capacitance (5101 'V SI04) - 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 voltage 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. An initial pause of 200~s is required after power-up followed by any 8 RAS cycles 
and any 8 SC 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 sig-
nals. Also, transition times are measured between VIR and VIL· 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and lOOpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. 

10. tOFF(max.), tOEZ(max.) tSDZ(max.) and tSEZ(max.) define the time at which the 
output achieve the open circuit condition and are not referenced to output vol­
tage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to WE/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 cycles and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tRWD ~ tRWD(min.) and tCWD f; 
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. 

15. These parameters are applied to the write cycles with raster operation using 
logic function expect for "THROUGH", "ZERO", "ONE" and "INV1". 
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DEVICE INFORMATION 

RAM PORT OPERATION 

Operation Truth Table 

TC524251P/1-10 
TC524251P/Z-l2 

All operation modes of TC524257P/Z are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following tabe1 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 * Write 

H Valid (Row add. ) H * * RAS only refresh 

L * H(l) H * CAS-before-RAS Refresh 

L H Valid H L * Write-per-Bit 

L Valid (AO rv A3) H(l) 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 

(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, are multiplexed onto 9 address 
input pins (AO rv 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 AXOrvAX3 are also used as operation code input signals in 
the raster operation set-up cycle. 

DATA TRANSFER/OUTPUT ENABLE (DT/OE) 

~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. 
When 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 (WE/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
~/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 WE/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of RAS, 
the data is transferred from RAM 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 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 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 t0€ TC524257P/Z 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 page mode read operations, the ouptut 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. 

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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CAS-BEFORE-RAS REFRESH 

TC524257P1Z-l0 
TC524251P/Z-l2 

The TC524257P/Z also offers an internal refresh function. When CAS is 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 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 CAS-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 

Wl/IOl 
-W4/I04 

Memory Refresh Refresh 

~,----CYol-----J' ft\\.---CY"-----J' h\.---CY"----J' I-
\~--------------_/ 

--------------~(~ __________ v_a_ll_·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/rOi pins, their corresponding write circuits are disabled and 
new data will not be wirtten. 

When a '1' is sensed on any of the Wi/rOi pins, their corresponding write circuits 
will remai~ 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/IOi (i=1'V4) 

H H H * Write Enable 

H H L 
I 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 Figure 3: corresponding bit-map 

Pixel 

CRT disp"Y I~ 

0000000000 

AO-AS !J]J. ROW X COLUMN xomlllll 00 0000 ••• 0 0 
00 000. 0.00 0 
00 00.0 00000 
00 ~,(N 0000 0 
00 IQ'OOO 0000 0 • Wri te "1" 

00 000 0000 P o Write "0" 

I 
WI/IOl 77lh Mask IlmllOlllWIVI 

o No write 

I I 
W2/I02 Zll/ Enable '<Ill Write"l"WII//)!; 

I I 
W3/I03 7J\ Mask OOOlllllOlIom K k-''< l~ 

I I 
W4/I04!lll Enable % Write"O"1IIII//IIj 

I I 

111 '--WO/I04 ... Write '0" 
W3/I03 •.. No wri te(Masked) 

W2/I02 "'Write "1" 
WVIOI ... No wri te(Masked) L LWrite 

Wry/IOn = "L" ... Mask Bit 
Wry/IOn = "H" ... Wri te Enable Bit 
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TC524257P/Z·IO 
TC524257P/Z-12 

RASTER OPERATION 

The TC524257P/Z 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 performs internal logic operations when data is written 
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. 

~Read 

Write Mask 

¢::J ~ 

Mask Data 
WM2 

Operation Code 
AXO-AX3 

Figure 4: block diagram of raster operation 

Mn +- fj(Mn, Dn) 

fj: Logic Operation (j=O'U 15) 
Mn: Destination Cell Data 
Dn: 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 AXl AXO 

0 0 0 0 ZERO 0 *1 1 0 0 0 NOR Dn+Mn *2 

0 0 0 1 AND 1 Dn· Mn *2 1 0 0 1 ENOR DnEBMn *2 

0 0 1 0 AND 2 Dn· Mn *2 1 0 1 0 INVl Dn *1 

0 0 1 1 INHIBIT Mn *2 1 0 1 1 OR2 Do· Mn *2 

0 1 0 0 AND 3 Dn· Mn *2 1 1 0 0 INV2 Mn *2 

0 1 0 1 *3 THROUGH Dn *1 1 1 0 1 OR3 Dn+Mn *2 

0 1 1 0 EOR DnEBMn *2 1 1 1 0 NAND Dn· Mn *2 

0 1 1 1 ORI Dn+Mn *2 1 1 1 1 ONE 1 *1 

Note: *1 Normal write 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 

---""""I Falling edge of RAS 

ADDRESS !If... __ AX_O-A_x3_---JXI!lI!!71711/01f/////1!J/ 

Wi/IOi 

tiU:Zl!IT!Jvo:mm!//ll IIf!J1//I/l 
~ MASK DATA )~----------------------

~ Don't care 

AXO 'V AX3 ••••••••• RASTER OPERATION SELECTION CODE 
(l6 functions) 

MASK DATA •••••••• RASTER OPERATION MASK DATA 
(Wi/IOi=l Non masked bit) 
(Wi/IOi=O ••••• Masked bit) 

Figure 5 shows the timing diagram for the raster operation set-up cycle. 
Both CAS and WE/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 WMI 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 WM2 is used again. 
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Figure 6: Example of raster operation 
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WI/IOI 

W2/I02 

W3/I03 

W4/I04 

RASTER 
OPERATION 
SET-UP CYCLE 

I 

RASTER 
OPERATION 
WRITE CYCLE 

WRITE PER BIT 
WRITE CYCLE 
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TRANSFER OPERATION 

The TC524257P/Z features bi-directional transfer capability from 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 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 transf er 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/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 

512 x 

512 x 512 x 4bit 
Memory Cell Array 
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rC5~4251PjZ~18 . 
TC5242,57'/Z~t2 

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) 

RA8 J ~ I 
~ } I 7 CA8 "H" 

'Iliii;/i//(Ij)JJj 1JJJ7/J1 AO-A8 Wi2i1~ ROW YllX 8AM 8tart 

WB/WE W!}]!/.17 
I 

V1I !lllJJ)Jl(f!]JjjJj}/I!]JJit/[{//.!/.!/ 
DT/OE 

8C Inhibit rising transition 

8101-8104 

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 
________________________ 1 } 

CAS "H" ~-------.JI 
AO-A8 fl2X ROW ~_x SAM 8tart Xl///J//!I/)/////////J//jZ 
wa/WE !lll "H" 

I 

Yl///!J///J//!////////!/II[{//II!J//Jf//J/ 
DT/OE \ ~--------------~/ 
8C 

8101-8104 

Previous ROW .1 ~ew 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, 
ITT/DE low, WB/WE low and SE low at the falling edge of RA]. The row address selected 
at the falling edge of ~ 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 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 ---------------~! t 
l----J! CAS "H" 

I 
AD-A8 7l1IlJ\ ROW X SAM S ta rt Y1""2rrvrrl/"7'T~"'r7'/ /"l'TV"I'TV"7'TZZ"""V"""ZZ-rrZ; 

I 
"'\VB/WE 7[171J>.. "L" 

I 
l5'f/OE 7f7Tb.. "L" = SC ~.j. 8E r-r 
8101-8104 DATA-IN 1-----------( DATA-IN DATk-lN 

8erial Writs for tra.naf""e-red-R-o....l

J 

[."erial Writo <or " ... ROW 

512 x 4. bit 

512x 512 X4. bit 

Memory Call Arrq-
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PSEUDO-WRITE-TRANSFER CYCLE 

TC524251".:" 
TC524257P/Z;'l2 

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, DT/OE 
low, WE/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 
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 11). 

Figure 11: Pseudo-write-transfer cycle 

RAS --1 ~ / 
OAS ~ IH I ) L 7 

I 
AD-AS 7l1J~ ROW ~ SAM Start 'fllZl.7lfl177/ llL[ll]}1 

I I 
WB/WE 

= 
ILl 

==== I 
DVOE -L I 

SO Inhibit rising transition 

BIDl-SID, ==x DATA-QUT J 
Serial output mode 

~ DATA-IN X IlATA~I. 

Serial input mode 

- 8-77 -



SAM PORT OPERATION 

The TC524257P/Z is provided with a 5l2-word by 4-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 location determined by 
column address 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 write data into the 
SAM port. This cycle switches the SAM 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 loadecl 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 5: Truth table for SAM operation 

Preceding SAM port DT/OE (at the 
Transfer operation falling edge SC SE Function 
Cycle of RAS) 

read- serial L enable serial read 
transfer output Jl mode H disable serial read 

H* 
write- serial L enable serial write 
transfer input Jl 

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 
trasnfer cycle. 
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SERIAL CLOCK (SC) 

TC524251P!Z-10 
TC5242&lP/l~12 

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 se. 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 (SE) 

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 'V 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 SAM port is in the output mode. When a pseudo-write cycle is performed, 
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 therefore a refresh is not required. 
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TIMING WAVEFORMS 

READ CYCLE 
tRC 

tRAs tRP 

vIH - tAR 

RAS 
vIL -

tCSH 

tRCD tRSH tcPN 

VIH -
CAS 

VIL-

VIH -
AD-AS 

VIL-

tRRH 

wYvWE 
VIH -

VIL -
tROH 

VIH-
l5T/DE 

VIL-

tOEA 

VIH -
IN 

W~I01[ VIL- tCAC tOFF 

tRAC toEZ 
W4/I04 

VOH-
OUT OPDl VALID DATA-OUT 

VOL-

~Don't Care 
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WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 
tCRP 

V1H 
CAS 

VIL 

VIH 
AO-AS 

V1L 

WE/WE 
V1H 

VIL 

DT/DE 
VIH 

VIL 

V1H 

W~IOr 
V1L 

W4;/I04 
VOH 

OUT 

VOL 

tRC 

tRAS 

tAR 

tCSH 

tRCD tRSH 

tcAS 

t ASC tCAH 

COLUMN 
ADDRESS 

tcWL 

OPEN 

T£524267 P IZ~lO 
TC524257P/Z~l2 

tRP 

tCPN 

~Don't Care 
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WRITE CYCLE (OE CONTROLLED WRITE) 

BAS 
vIa -

v IL -

VIR -
CAS 

VIL -

VIa -
AD-AS 

VIL-

VIa -
wE/WE 

VIL -

DT/DE 
Vla-

VIL -

VIa -

[U Wl./I 01 
V1L -

W4~I04 
Voa-

OUT 

VOL -

tAR 

tRAS 

tesa 

COLUMN 
ADDRESS 
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tCAS 

VALID 
DATA-IN 

OPEN 

~Don't Care 



READ-WTITE/READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

AD-AS 

Wl~IOl 

W4/I04 [

IN 

OUT 

VIH 

vIL 

v IH 

VIL 

VIH -­

VIL -

VOH -

VOL -

-1\ 
l-

~ 
J 

tAR 

tRCD 

~l\\~ 

tDZC 
I----

tDZO 

tRWC 

tRAs 

tCSH 

tRsH 

tCAS 

tMS tMH !toED tDS tDH 

l tRP 

I 

k1 
-r-

tCPN ~ 

/ T ~ 

t-- I---

7YJv MASK DATA-~~\-___ ~1-_4 ___ 4--l1\f VALID ~ 
'Sf)"; WMl ~fI tOEA ~V'\.DATA-IN ~v.XXXX.x.xXXAXX ,)(X 

tCAC toEZ 

___________ OPEN ____ ~I VALID 
, DATA-OU,!,~ 

fmDon't Care 
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PAGE MODE READ CYCLE 

RAS 
VIH -

VIL-

t tRASP 

-~R------:It- tAR 

~~ 
tpc tpc 

VIH -
CAS 

VIL -

tCR] tRCD tcp tcp tRSH ~ ~ yr ~~ 
tCAS 

~~~ 
-"" tCAS IF" ~K tCAS iJ~ 1\ l' ~ "- ... I..: .... 

tCSH I I 

VIH -
AD-AS 

VIL -

tASB ~I\.@ tASC tCAH tASC tCAH t SC tCAH 

~~--=- @"f .~ . - ROW .... r COLUMN COLUMN -..;;l'" fl\, F COLUMN ~ ADD ADDRESS _ ~ ADDRESS 'Yfllill .... ADDRESS 

-LX xx 
IYX ~x X Y 
r!-'li, J{E::l I' I 'RcIJ I 'Res ltRCH 

tRyS tRCH I tRCE I ~~ 
WB/WE 

VIH -

VIL-
NlM '{'{'{XXXV .~~ ~r ~ ')01Y.lW' vm 
~HS ~HH 

VIH -
DT/OE 

VIL- ~ -1\ \ I I \ 
-,... 
I ~ ~ ~ 

tDZO 

VIH - '{xxx 
IN 

~IOl[ VIL -

W4/I04 
VOH -

OUT 

VOL -

XXXXX 
XXXXXX :'x'V 

tOEA ItOFF _ to,EA to,EA :toFF tOFF 
1-I--t--

tOEZ I tCAC I tCACl ~ ~ ~ ~ 

IF VALID 1\ I VALID-"I\ - VALID 
~ OPEN 

, DATA-OUT V DATA-OUT V -~ DATA-OU,:£ 

~ Don't Care 
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'lCB2'2,e,'~' ,:0 
TC n7P/ihiz-

PAGE MODE WRITE CYCLE (EARLY WRITE) 

..;~~----+-----'If---~---.~ 
tpo tpo 

1 
l top top tRSH tOPN 

to AS .JI~---"!L ... _t_OA_S_-I .JI ...... -ff-....... L ... __ t_CA_S_-I b 
-~ _-'~ - ~ r- ~ f -- \ ~ ~ 

~--+"""I 
tOSH tOAH 

AO-A8 

tASR t~~t~~~ ~tASC ~~~S~0"1;:::::t::t: __ ~ _ 

\; ROW r, ~OOLUMN \.( r-OOLUMN","l0:fhr-OOLUMN -', XXXX). It.- ADD ~. ADDRESS ~ ~ ADDRESS _ ~lA1 ~ADDRESS ~,i\V..f 

"'?wSR t WE twso tWOH I twos tWCH twos tWCH II 
-1-1- I---~ ~ .... - ro--
~ twp "X X XX a twp LX X" X X X" twp In.x7\x7\xilxj.,,i7I,x~\Jx\?,,,\J,,iJ,, 

WPB I}')(XX)' I. xxxxxx). I.(.XXXXXX~ XX H M 
~~k- X XXX XY. ..,~)(X XX-XXX :.x X X X .xx"" 

------------------OPEN------4"'--------------------------

~ Don't Care 
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PAGE MODE READ-MODIFY-WRITE CYCLE 

CAS 

AO-AS 

W4/I04 

~ ______________________________ tRA __ S_P ______________________________ ~ fR~ 

vIH-~ tAR IH 
vIL- '1~~--------~~--------------------------------------------------------;r~1 r 

tPRWC tpRWC 

I ;RCD+-
v1H - - tCAS 

t~ t~ 

VIL- tASC 
K ~ __ ~~ _____ ~~ ~~ __ ~~~A~S _____ ~~' ~~~ ____ ~tc~~=-____ ~~VJ / 

..... 

tASC tASC tCWL I'~E tCAH 
tASR teWL tCAH ~ - l-~tCAH tRWL 

VIH - \; ~[X COLUMN 1~V0x.l::-:C~O-:L-:UM~N~\I..-:-/..J[~X'~X~Y'~X~x~x~xl'7\:}. COLUMN ~XXXXXXXXXXXXXXXXX 
VIL _l'-rADD ... ADDRESS..,\XXXx)()(xX ,Xl ADDRESS I~ ADDRESS 'l<Illlxx"x :ll'l'l'''x.NX 

'1ltRl H 

tWSR twp 

"-__ t-=cw:...:.:...=..D ___ -=-/I\ ..... V 

tDS 

L VOH-
OUT ------------~: \ 

-I-
1\ -

VOL-
~ 

VALID 
DATA-OUT 

VALID VALID 
DA TA-OUT DAT A-OUT 

~ Don't Care 
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RAS ONLY REFRESH CYCLE 

vIH-
RAS 

vIL-

V1H-
CAS 

VIL-

AO-A8 
VIH-

VIL-

VIH-
WE/WE 

VIL-

VIH-
DT/OE 

V 1L -

WJ,/IOl VOH-
I -------------- OPEN 

W4/I04 VOL-
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TC5242S;7P/Z-l0 
TC524251P1Z-12 
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CAS BEFORE RAS REFRESH CYCLE 

HAs 
VIH 

VIL 

CAS 
VIH 

VIL 

WB/WE 
VIH 

VIL 

DT/OE 
VIH 

VIL 

Wl/IOl VOH 
I OPEN ----------------------------

W4/I04 VOL 

Note: AO'" A8-Dori"' t Care 

~Don't Care 
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HIDDEN REFRESH CYCLE 

VIH -
RAS 

VIL -

VIR -
CAS 

VIL -

VIR -
AD-A8 

VIL -

II I I 

VIR -
WB/WE 

VIL -

I~~ tROR I 
I 

DT/OE 
VIH-

VIL - - V \ I\k-
tOEZ tOEA r--

teAs tOFF 
WVIOl VOR - -'r- r 

I 
W4/I04 VOL- ..... -Ir-
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l
r 

VALID DATA-OUT 

't OFF 

t6;;' 

TC&24257P/l~IO 
TC524257P/Z-12 

/ 

-'~ 

Il 

~Don't Care 



REAL TIME READ TRANSFER CYCLE 

VIH -

VIL -

Wl/IOl V -
I OH 

W4/I04 VOL -

SC 

rIN 
SIal 

I 
SI04 

LoUT VOH -

tCRP 

tOFF 

Note: SE=VIL 

tscc 

tRAS 

tAR 

tCSH 

I 
I 

tRP 

Previous Row Data _ : - New Row Data 
I 

~ Don't Care 
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READ TRANSFER CYCLE (Previous transfer is write transfer) 

AO-AS 

W],/10l VOH­

W4/104 VOL-

sc 

S~Ol 

S104 [

IN 

OUT 

tAR 

t SH 

tCRP 

tCSD 

Inhibit Rising Transient 

Note: SE=VIL 

- 8-91 -

tSCA 

TC524257P/Z-l0 
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tCPN 
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WRITE TRANSFER CYCLE 

W],/IOl VOH 
\ 

W4/!04 vOL 

se 

tCRP 

I 

Previous : 
Row Data-l 

tcsH 
tCPN 

teAs 

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

Inhibit Rising Transient 

- 8-92 -

~ 
I 

~ --- New Row Data 
I 

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

~ Don't Care 



, , '; 

;TC524251P/l~ID 
TC.~4251'll·12 

PSEUDO WRITE TRANSFER CYCLE 

RAS 

CAS 

AD-AS 

WB/WE 

DT/OE 

WVIOl 

\ 
W4/104 

se 

['N S~Ol 

S104 

OUT 

V1H-

V1L -

V1H 

V1L 

V1H -

V1L -

V1H -

V1L -

V1H-

VIL -

VIH 

VIL 

VOH 

VOL 

-\ 
.- L 
~----------------------~----------~ 

tCRP i -' 

Jr 
tASR tRAH tAse tCAH 
r-- - I---

"X/:)V ROW V'v SAM START 
~tr- ADDRESS ..,~tr- ADDRESS 

""1r""" "1.,,1. X ""X" X XAI IV,,'" X X X X X X X X X X X X X X X X X X 

I tWSR tRWH 
~ --=--

~r 

~r' ."XXXXXXXXXXX XXX XXXY\~ ________ __ 

I 

/!tI{"",,/,XWXXXX XX X X XXXX XXX XX XX XXXXXXX X XX XX 
XX XX X XXXX X XXXX XXXX .XXXX XXXX XXXX XX ) 

tOFF -
-¥ 

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

~ tscc 

I tso\: ItSCP 
.., ... ~scP ~ Ie-

~ \ 
1nhi bit Rising Transient 1/ / 

..,~ '"" 
tsc ~----------------------------~I~ 

f-~ 

tSRS 

tESR tREH 
~ 

tsws 

'f?:l'illl \Vx II Xl xiix lx \X II \ ii \\ Xiix\ uxxxxxxxx X xx xxxxxxxxxxxxxxxxx X X 

tSDD 

tSDZ 
tSDS tSDH 

tSEZ 
'X xx X xx XXXX XXXXXXXXA VALID ~ 
1':ltNx00000000ixxVxVlll&tr-DATA- IN ~ 

I 
I 
I 
I 
I VALID -'X VALID -f\ 

DATA-OUT -""' 'pATA-OUT..,il~-------- OPEN 

I 
Serial ___ : 
o u tpu t Mod e I 

I Serial 
:-Input Mode 

~Don't Care 
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 

V1H -
8e 

v1L -

8E 
v1H -

vIL -

vIH-

[ IN 
V1L_ 

8~01 

8104 

OUT 
VOH -

VOL -

~Don't Care 

SERIAL READ CYCLE (SE=V1L) 

--------~! \~------

se 

8101 

~ 

8104 

Note: SE=VIL 

~Don't Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE2 

RAS 
vIH -

vIL -

vIH -
Dt/OE 

VIL -

se 

SI\Ol l IN 

8104 
OUT 

SERIAL WRITE CYCLE (SE=VIL) 

sc 

SIOl 

\ 

SI04 

VIH -

vIL -

Note: SE=VIL 

tscc tscc 
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.. ~ 
tTHs tTHH 
r-

1 
tscc 

I 

\ 

TC524251P/Z-l0 
TC524257P/Z-12 

tscc tscc 

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

~Don't Care 

~Don't Care 



RASTER OPERATION SET-UP CYCLE 

AO-A3 

WV;IOl 

[

IN 

W4/I04 

OUT 

VIH -

VIL -

VIH -

VIL-

VOH -

VOL -

tRP 

tOFF 

Il------------------OPEN-------------------------------

Note: A4 'V AS Don't Care 
~ Don't Care 
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RASTER OPERATION WRITE CYCLE (EARLY WRITE) 

tAR 

AD-A8 

V1H 

WE/WE 
VIL 

VIH 
D'l,/OE 

V1L 

V1H 

W00fN VIL 

tDHR 

W4;I04 
VOH 

OUT 
V()L 
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TC524257P/Z;'lO 
TC524257P/Z"12 

RASTER OPERATION WRITE CYCLE (BE CONTROLLED WRITE) 

CAS 

AD-AS 

WB/WE 

DT/DE 

['N ~IOl 

W4/I04 

OUT 

V1H -

V1L -

VIH -

VIL ---' 

V1H 

VIL 

V1H -

VIL -

VIH-

VIL -

VOH -

VOL -

COLUMN 
ADDRESS 

tFRC 

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

~Don't Care 
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TC524257P/Z-l0 
TC524257P/Z-12 

RASTER OPERATION READ-WRITE/READ-MODIFY-WRITE CYCLE 

tFRAS tRP 

RAS 
v1H -

VIL-

tAR 
I 

~ 

T 
~ 

1\ 
... -

tFCSH 

CAS 
V1H-

VIL-

.~ tRCD tFRSH I 
tCPN 

J 1\ \~ 
tFCAS 

~V J 

V1H-
AD-A8 

VIL-

ItAS~ tRAH ~ tCAH 

I ....-:..:.:.=-

~ 
r- ROW ~ ~- COLUMN Il:l0N-ll X Vol Xi \V X; x xxn/ 
~ ADDRE:''SS .., ADDRESS XXX X 

-'r- .H X UXXXXXXXXXX)I X X XX'\ 

WIj/WE 
VIH--

V1L -

tWSR 

~ 
tRCS tCWD 

tFCWL 

F r tFRWL 

W y -\ ~,J.XX WX X xXXX 
J:Rx ,X X ix lx ll0flj 

tRWD I 

tTHS tTHH tOEH 

F r 
DT/OE 

VIH-

VIL- '1# 
....... ,.... 

\~ J 
r-- V,XXX!\!\XX!\!\X XAXXX 

\ W0!lixVlx lxVxVN 
I tDZC 

tDZO tOED tDS tDH 
f--- io- I----r 

VIH--
IN 

W0
0

{ 

VIL-

W4/~O 
VOH -

OUT 
VOL-

... 

J~ r- VALID ... i~llXXXXX 
.... DATA-IN .\xxxxxxxx0N0N. tOEA .... 

tCAC tOEZ 
tRAC 

OPEN j VALID 
~'pA TA -OU!~ 

~Don't Care 
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RASTER OPERATION PAGE MODE WRITE CYCLE 

tFRAS tRP 

~-~~-----'I'~ 
tFRSH 

tCPN 

H 
~/1 \ 

AD-AS 

tpeWL 

T 
VIH 

IN 
VIL 

W~Iot 
W4;/IO 

VOH 
UT ------------------------------ DPEN--------~/~r----------------------------

VOL 

~Don't Care 
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OUTLINE DRAWINGS 

Plastic DIP 

28 

1 

Cl5±Cl.15 

1.4±Cl.15 

Note: Each lead pitch is 2.54mm. 

15 

14 

2.54 ±Cl. 25 

I 
I 
I, 

" " (J 

Unit in mm 

lCl16±Cl.25 

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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t:. ~".\.\,. 
J·P$.Z8:".PI!.I'12 

Plastic ZIP 

36. 8 3 MAX. 

INDEX DOT 

c/ 
l- I-

~ 
l- I- l- I- l- I-

l- I- ~ 

I 

" " " " \i \i \i \i \i , \i 

.11. n5±nl 1.27 TYP. 

1 3 5 7 9 11 13 15 17 19 21 23 25 Z7 

~ 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 

Note: Each lead pitch is 1.27rmn. 

All dimensions are in millimeters. 

CIl 
d 
-H 
10 
cx5 

Unit in rmn 

3.0 MAX. 

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 without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

DESCRIPTION 

TC524257 J-l 0 
TC524257 J-12 
PRELIMINARY 

The TC524257J is a CMOS Multiport memory equipped with a 262,144-word x 4 bit dynamic 
random access memory (RAM) port and a 5l2-wordx 4 bit static serial access memory (SAM) 
port. In addition to the conventional DRAM operation modes, the TC524257J features 
a logic function and a write-per-bit function on the RAM port; Bi-directional transfer 
capability between the DRAM memory array and the SAM data register and a high speed 
serial read/write capability on the SAM port. The RAM port and the SAM port can be 
accessed independently except when data is being transferred between them internally. 
The TC524257J 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 TC524257J 
to be housed in a standard 32-pin, 400-mil wide plastic SOJ. 
System oriented features include a single 5V±10% power supply operation and compati­
bility with high performance schottky TTL logic. 

FEATURES 

ITEM TC524257J 

-10 -12 
tRAC RAS Access Time (Max. ) lOOns l20ns 

tCAC CAS Access Time (Max. ) SOns 60ns 

tRC Cycle Time (Min. ) 190ns 220ns 
tpc Page Mode Cycle Time{Min.) 90ns 105ns 
tSCA Serial Access Time (Max.) 25ns 35ns 

tscc Serial Cycle Time (Min.) 30ns 40ns 

ICCI 
RAM Operating Current 60mA 5SmA ( Sk'1: Standby) 

ICC2A 
Sk'1 Operating Current 

40mA 35mA (RAH: Standby) 

ICC2 
RAM/Sk'1 
Standby Current 3mA 

PIN NAt-1ES 
AO'" A8 Address Inputs 
'RAS Row Address Strobe 

CAS Column Address Strobe 
DT/OE Data Transfer/Ouptut Enable 

WB/WE Write Per Bit/Write Enable 

WI/IOl'" W4/104 Write Mask/Data IN, OUT 
SC Serial Clock 

~ Serial Enable 

SIOl'" S104 Serial Input Output 
VCC Power (+5V) 

VSS Ground 
N.C. No Connection 

• 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 re­
fresh, Hidden refresh, Page mode, 
Write-Per-Bit, Raster operation, Read 
transfer, Write transfer, Serial read, 
Serial write capaoility 

• All inputs and outputs TTL compatible 
• 512 refresh cycle/8ms 
• Package TC524257J : 0.4 inches 32 pins 

standard 
Plastic SOJ 

PIN CONNECTION (TOP VIEW) 

P 1 a s tic SOJ 

~-
17 N:: 
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• Plastic SOJ 

Je-----20.828 - 21.082----~ 

-0 

'" '" 

32 17 

16 

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

o -

~~~~~rt_t;r~~~~;r~~~~==4= 
'" ~ 

1. 27 
0.33 - 0.53 

0.66 - 0.81 

Note: Each lead pitch is 1.27mm. 

r--'" 

.... 

All dimensions are in millimeters. 
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TOSHIBA MOSMEMORY PRODUCTS 
1,048,576 WORDsx4 BIT 
FAST PAGE MODE 
DYNAMIC RAM MODULE 

r'.lCll"~lON 
The THM41000l is a l,04S,576 words by 4 bits 

dynamic RAM module which assembled 4 pcs of 
TC511000J on the printed circuit board. 

The THM41000l is optimized for application to the 

:,:6~ttlBS$ . 
• 1,048,576 words by 4 bits organization 
• Fast access time 

THM41000L·10 

tRAC RAS Access Time 100ns 

tAA Column Address Access Time 50ns 

tCAC CAS Access Time 25ns 

tRC Cycle Time 190ns 

tpc Fast Page Mode Cycle Time 

• Single power supply of 5V ± 10% 
• low power 

1,320mW MAX. Operating (THM41000l-1O) 
1,100mW MAX. Operating (THM41000l-12) 

22mW MAX. Standby 

55ns 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

(TOP VIEtV) 
vss (1) 

TF (2) 
1\9 (3) 
N3 (4) 
VIm (5) 
Dl (6) 
9L (7) 
CPS (8) 
A7 :9) 
A5 (10) 
M (11) 
D2 (12) 
.S!2 (13) 
W (14) 
Al (15) 
K5 (16) 
A6 (17) 
Q.3 (18) 
m (19) 
A2 (20) 
KJ (21) 
RAS (22) 
D4, (23) 
Q,4 (24) 
Vss (25) 

D 
D 
D 
o 

THM41 OOOL-1 0,12 

systems wh ich are requ ired high density and large capaci­
ty such as main memory of the computers and an image 
memory systems, and to the others wh ich are requested 
compact size. 

THM41000L·12 

120ns 

60ns 

30ns 

220ns 

70ns 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/Sms 
• 12.64mm MAX. Assembly Height 

AO~A9 Address Inputs 

01 ~D4 Data Input 

Q1 ~Q4 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

TF Test Function 

Vce Power (+5V) 

Vss Ground 
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1,048,576 WORDsx4 BIT 
NIBBLE MODE 
DYNAMIC RAM MODULE 

.'11I1I~11'11 
The THM41 001 L is a 1,048,576 words by 4 bits 

dynamic RAM module which assembled 4 pcs of 
TC511001J on the printed circuit board. 

The THM41 001 L is optimized for appl ication to the 

• 1,048,576 words by 4 bits organization 
• Fast access time 

THM41001 L-l0 

tRAC RAS Access Time lOOns 

tAA Column Address Access Time 50ns 

tCAC CAS Access Ti me 35ns 

tAC Cycle Time 190ns 

tNCAC Nibble Mode Access Time 20ns 

tNC Nibble Mode Cycle Time 40ns 

• Single power supply of 5V ± 10% 
• Low power 

l,320mW MAX. Operating (THM41 001 L-l 0) 
1, 100mW MAX. Operating (THM41001 L-12) 

22mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, Hidden 

refresh, and Nibble Mode capability. 

(TOP VIEW) 

(TOP VIEH) 
vss (1) 

TF (2) 
PS (3) 
N3 (4) 

vnn (5) 
Dl (6) 

~ ;~; 
A7 (9) 
NS (10) 
AI. (1) 
DG (12) 

¥ ~i~~ 
A1 (15) 
K3 (6) 
AS (7) 
Q.3 (18) 
m (19) 
;:;, (20) 
I(J (21) 
BAS (22) 
D! (23) 
Q.4 (24) 
Vss (25) 

o 

o 

THM41001 L-10, 12 

systems which are required high density and large capaci­
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 

THM41001 L-12 

120ns 

60ns 

40ns 

220ns 

25ns 

50ns 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• 12.64mm MAX. Assembly Height 

,7 
AO-A9 Address Inputs 

01-04 Data Input 

01-04 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

TF Test Function 

Vcc Power (+5V) 

Vss Ground 
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1,048,576 WORDSx4 BIT 
STATIC COLUMN MODE 
DYNAMIC RAM MODULE 

':J;JE:SCfllPftON 
The THM41002L is a 1,048,576 words by 4 bits 

dynamic RAM module which assembled 4 pcs of 
TC511002J on the printed circu it board. 

The THM41002L is optimized for application to the 

. ::~E~tU«ES.· 
• 1 ,048,576 words by 4 bits organization 
• Fast access time 

THM41002L-l0 

tRAC RAS Access Time lOOns 

tAA Column Address Access Time 50ns 

tCAC C S Access Ti me 25ns 

tRC Cycle Time 190ns 

tsc Static Column Mode Cycle Time 

• Single power supply of 5V ± 10% 
• Low power 

1,320mW MAX. Operating (THM41002L-10) 
1,100mW MAX. Operating (THM41002L-12) 

22mW MAX. Standby 

55ns 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Static Column Mode capability. 

(TOP VIEH) 
vss Cl) 
TF (2) 
1;9 (3) 

N3 (4) 
VnD (5) 
Dl (6) 
Q..l (7) 

CS (8) 
A7 (9) 
A5 (10) 
M (11) 
D2 (]2) 

, ~i~~ 
A1 (15) 
A3 (16) 
A£3 (17) 
Q,3 (18) 
I13 (19) 
A2 (20) 
PO (21) 
RAS (22) 
D4. (23) 
Q,4 (24) 
Vss (25) 

o 
D o 
D 

THM41002L-10,12 

systems which are required high density and large capaci­
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size . 

THM41002L-12 

120ns 

60ns 

30ns 

220ns 

65ns 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• 12.64mm MAX. Assembly Height 

AO~A9 Address Inputs 

01 ~D4 Data Input 

01 ~04 Data Output 

CS Chip Select Input 

RAS Row Address Strobe 

W ReadIWrite Input 

TF Test Function 

Vce Power (+5V) 

VSS Ground 
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• OUTLINE DRAWINGS 

Unit im rom 

~~ O.5±0.1 

60.9 6± 0.3 
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TOSHIBA MOS MEMORY PRODUCTS 
524.288 WORDsx8 BIT 
FAST PAGE MODE 
DYNAMIC RAM MODULE 

DESCRIPTION 
The THM8512S/L is a 524.288 words by 8 bits dy­

namic RAM module which assembled 4 pcs of TC514256J 
on the printed circuit board. 

The T H M8512S/ L is opti m ized for app I icati on to the 

FEATURES 
• 524,288 words by 8 bits organization 
• Fast access time 

THM85l2S/L-1O 

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 ± 1 a% 
• Low power 

737mW MAX. Operating (THMS512S/L-10) 
627mW MAX. Operating (THM8512S/L-12) 

22mW MAX. Standby 

lOOns 

50ns 

30ns 

190ns 

55ns 

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

!l~~~"[toN° 

(TOP VIEW) 

~ g~ 
~o ~~~ 
Al (5) 
DQ,1 (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ,2 UO> 
A4 Ul) 
A5 (12) 

~~3 a~~ 
A7 (15) 
DQ
A 

4 U6) 
AS U7) 
N.C. (8) 
~(9) ,.5 ~~~ 
VSS (22) 
DQ,6 (23) 

PDl CVDD)(24) 

~
(25) 

PD2 )(26) 
1 (27) 

DE" (28) 
N.C. (29) 
VCC (30) 

o 

10 
c 

10 
o 

10 
o 

10 
o 

THM8512S/L-10,12 

systems which are required high density and large capaci­
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 

THM85l2S/L-12 

l20ns 

60ns 

35ns 

220ns 

70ns 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

AO~A8 Address Inputs 

DOO~ 007 Data Input/Outputs 

OE Output Enable 

W ReadIWrite Input 

CAS Column Address Strobe 

RAS1,2 Row Address Strobe 

POl Presence Detect (Power) 

PD2 Presence Detect (Ground) 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 
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DQ.7 

D~6 

D~,5 

L;;,4 

DQ,Q 

OE 

W 
CAS 

RAS1 

RAS2 

AO-AS 

Vce 

VSS 

PD1 

PD2 

"" 

~ 

~ I-

~ 

~ 

I 
~ 

:-J 

OE 

W 

CAS 

RAS 

j AO-AS 

1/04 

1/03 

r--- 1/02 

,......- L/01 
Vee VSS 

.. ,r 

OE 

W 

CAS 

RAS 

AO-AS 

1/ '04 

1/03 

r--- 1/02 

- 1/01 

Vee 'iSS 

" 
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Vi 

CAS 

RAS 

AO-AS 

1/04 

1/03 

.---- 1/ '02 

r--- 1//01 

Voe VSS 

" ., 
l-

t---

~ 

OE 

W 
-

~ I- eAS 

~ RAS 

) AO-AS 

1//04 

1/03 

.---- 1/02 

r--- 1/01 

VCC VSS 

f--

t--
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THM85.12S/L-' 0,12 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0rv7.0 V 1 
Output Voltage 

I-
VOUT -1.0 rv 7.0 V 1 

--------
Power Supply Voltage VCC -1.0rv7.0 V 1 
Operating Temperature TOPR o rv 70 DC 1 
Storage Temperature TSTG -55 rv 125 DC 1 
Soldering Temperature. Time TSOLDER 260 10 DC • sec 1 
Power Dissipation PD 2.4 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcor·1rlENDED DC OPERATING CONDITIONS (Ta=O rv 70 D C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
Vec 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 rv70°C) 

SYHBOL PARAMETER MIN. MAX. UNITS INOTES 
OPEP~TING CURRENT THM85l2S/L-10 134 -

Icel Average Power Supply Operating Current rnA 3, 4 
(RAS, CAS, Address Cycling: tRC=tRC MIN. ) THM85l2S/L-12 - 114 

STANDBY CURRENT 

Iee2 Power Supply Standby Current - 8 rnA 
(P~S=CAS=V IH) 

r~,s ONLY REFRESH CURRENT THM85l2S/L-1O - 260 -
ICC3 Average Power Supply Current, RAS Only Mode rnA 3 

(P~S Cycling, CAS=VIH: tRC=tRC MIN.) THM85l2S/L-l2 - 220 

FAST PAGE MODE CURRENT Tffi185l2 S/L-l 0 - 94 
ICC4 Average Power Supply Current, Fast Page Mode rnA 3, 4 

(P~S=VIL' CAS, Address Cycling: tpC==tpc BIN. ) THM85l2S/L-12 - 74 

STANDBY CURRENT 

ICCS Power Supply Standby Current - 4 rnA 
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM85l2S/L-10 - 260 
ICC6 Average Power Supply Current, CAS Before RAS rnA 3 

Mode (RAS, CAS Cycling: tRC=tRC MIN.) TP .. H8512S/L-12 - 220 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -40 40 ~A 

(OV ~ VIN ~ 6. SV, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV; VOUT; S.SV) 

-20 20 wA 

VOH 
_OUTPUT LEVEL 
Output "H" Level VOLTAGE (IOUT=-SrnA) 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 '\, 70°C) (Notes 5, 6, 7, 15) 

SYMBOL PARAMETER 
THH8512S/L-IO THM8512S/L-12 

UNIT NOTES 
NIN. MAX. MIN. NAK. 

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

tRMH Read-Nodify-Write Cycle Time 255 - 295 - ns 

tpc Fast Page ~1ode Cycle Time 55 - 70 - ns 

tpR1'1W 
Fast Page ~1ode Read-Modify-Write Cycle 
Time 115 - 140 - ns 

tRAC Access Time from RAS - 100 - 120 ns 8,13 

tCAC Access Time from CAS - - 35 ns 8,13 

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

tCPA Access Time from CAS Precharge - 50 - 65 ns 8,14 

tCLZ CAS to output in Low-Z 5 - 5 - ns 5 

tOFF Output Buffer Turn-off Delay a 30 a 35 ns 9 

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

tRP RAS Precharge Time 80 - 90 - ns 
t RAS RAS Pulse l-,lidth 100 10,000 120 10,000 ns 
tpu\SP RAS Pulse Width (Fast Page Node) 100 100,000 120 10,000 ns 

tRSH RAS Hold Time 30 - 35 - ns 

tCSH CAS Hold Time 100 - 120 - ns 

tCAS CAS Pulse h1idth 30 10,000 35 10,000 ns 

tRCD RAS to CAS Delay Time 25 70 25 85 ns 13 

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

tCRP CAS to RAS Precharge Time 10 - 10 - ns 

t CPN CAS Precharge Time 15 - 20 - ns 

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

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

tRAH Row Address Hold Time 15 - 15 - ns 

tAsc Column Address Set-Up Time a - a - ns 

tCAH Column Address Hold Time 20 - 25 - ns 

tAR Column Address Hold Time referenced to 
75 90 RAS - - ns 

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

tRCS Read Command Set-Up Time a - a - ns 
t RCH Read Command Hold Time a - 0 - ns 10 
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THM8512S/L-10, 12 

THH85l2S/L-10 THM85l2S/L-12 
SYHBOL PARAHETER UNITS NOTES 

NIN. MAX. HIN. HAX. 
Read Command Hold Time referenced to 

tRRH RAS 0 - 0 - ns 10 

t\vCH l-Jrite Command Hold Time 20 - 25 - ns 
Write Command Hold Time referenced to 

75 90 tlvCR RAS 
- - ns 

twp lvrite Command Pulse Hidth 20 - 25 - ns 

tRWL Write Command to RAS Lead Time 25 - 30 - ns 

tClvL Write Command to CAS Lead Time 25 - 30 - ns 

tDS Data Set-Up Time 0 - 0 - ns 11 

tDH Data Hold Time 20 - 25 - ns 11 

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

tREF Refresh Period - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 12 

tCHD CAS to HRITE Delay Time 65 - 75 - ns 12 

tRvill RAS to IvRITE Delay Time 135 - 160 - ns 12 

tAI·ill Column Address to IvRITE Delay Time 85 - 100 - ns 12 

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

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

tRPc RAS to CAS Precharge Time 0 - 0 - ns 

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

tROH RAS Hold Time referenced to OE 20 - 20 - ns 

tOEA OE Access Time - 25 - 30 ns 

tOED OE to Data Delay 25 - 30 - ns 

tOEZ 
Output buffer turn off Delay Time from 0 25 0 30 
OE 

ns 

tOEH OE Command Hold Time 25 - 30 - ns 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=O "\, 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO "\,A9. W, CAS, OE) - 40 pF 

CI2 Input Capacitance (RASl, RAS2) - 20 pF 

CDQ I/O Capacitance (DQO"\,DQ7) - 20 pF 
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NOTES: 

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

2. All voltage are reference to VSS. 

3. I CCl ' I CC3 ' I CC 4' ICC6 depend on cycle rate. 

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

5. An initial pause of 200ws 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 measuremen~s 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. 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 is not referenced to output voltage levels. 

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

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

12. twcs, tRh'D, tel-JD and tAHD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs ~ t\~CS (min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If tR\.JD ~ tmID (min. ), tC\ID ~ tChTD (min.) and 
tA\.JD ;:;, tAWD(min.), the cycle is a read-modiry-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. To prevent from the bus contention, please avoid such timing that both RASl and 
RAS2 are activating. 
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READ CYCLE 

RAS 
VIH 
VIL 

CAS 
VIH 

VIL 

AO~A8 
ilIH 

VlL 

VIH -
WRITE 

VlL 

VIH 
OE 

V1L 

I/Ol~I/08 VOH 

VOL 

\.JRITE CYCLE (EARLY iVRITE) 

3.AS 
\TlH 

\-lL 

CAS 
VIH 

'/IL 

VIH -
AO~A8 

-vIL -

VIH _ ~~~~~rr~~_n 

tRG 

tRAS 

tAR 

tCSH 

tRSH 

tCAS 

tRAL 

tROH 

~ __ -L~~ ____ ~ 

-II I 
% 

tRP 

tCRP 

tr:RP 

I 

I 
.I 

VIL --·~~~~~~~~~~~---~---~~~~~~LL~~LL~~~LL~~~~~~~~ 

~~~=- / !II //I//JT[/lfl! II 1// //J IIJ11ffi 1IIf1ll7///fli /////!l//IIIZ 
I ~DHR~ I tDS ~ tDH 

I/Ol~I/08 VIH----------_~ALIDDA~ ___________ _ 
vIL- 'Sf.: _ OPEN 

- C-13 -



WRITE CYCLE (OE CONTROLLED WRITE) 

VIH 

VIL 

VIH 
VIL 

AO~A8 
vIH 

VIL 

WRITE VIH 

VIL 

G~ 
VIH 

VIL 

READ-HODIFY-HRITE CYCLE 

AO-A8 

WRITE V1H 
VIL 

OE 
VIH 
VIL 

VI/OH 
I/01-I/08 VI/OH 

t Rc 
t RAS 

tAR 

tCSH 

tRSH 

teAs 

tRAL 

~: "H" or ilL" 
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THM8512S/L-l0, -12 

FAST PAGE MODE READ CYCLE 

AO~A8 

1/ 01 ~L ·08 
-':OH -

------------------~:V 
'01-

E223: "H" or "1" 

FAST PAGE MODE IVRITE CYCLE (EARLY mUTE) 

AO~A8 

I/01~I/08 

"'-IE -

\-IH -
'v IL --

~ ____ t_h_'R ______ ~-------------t-R-A-S-P----------~J~f-------------~ 
cpC tRSE tCRP I 

! tSAS 

VIH---~~~~~~~ ~-+~~~ 

VIL-~~~~~~~~ __ +_----~~~~~~~~--~~~~J~~~_r----~~~~~~~~~ 

VIH -

V I 1 --

-- C-15 --



FAST PAGE HODE READ-HODIFY-WRITE CYCLE 

V1H 

V1L 

'l1H 

V1L 

1/01 VI/OH 
I 

1/08 VI/OL 

-----~-~r-~----------------------------------------------------~ ~ 
\~ ____________________________________________ ~V tRP~ 

tCSH I----

~ "H" or "L" 
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RAS ONLY REFRESH CYCLE 

AO-A8 

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

CAS BEFORE p~S REFRESH CYCLE 

VOH 
I/Ol~I/08 

VOL 

tCHR 

Note: WRITE, OE, AO'l.A8: "H" or "L" 

- C-17 -

THM8512S/L-10,12 

~:"H" or "L" 

OPEN 



HIDDEN REFRESH CYCLE (READ) 

VIH -

AO-AS 

VOH -
I/Ol~I/OS -----------Cy VALID DATA-OUT 

VOL-

E2Za: "H" or "L" 
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THM8512S/L-l0, 12 

HIDDEN REFRESH CYCLE (WRITE) 

~: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
tRAS 

RAS 
\TIL 

tCHR 
tCPT tRBH 

VIH tCAS 
CAS 

VIL 

VIH 
AO-A8 

vIL 

READ CYCLE tCAC 

VIH 
WRITE 

VIL tROH 

OE 
VIH 

VIL 

'lOH 
1/01- 1/08 

VOL 
OPEN 

l.JRITE CYCLE 

rWRITE 
"-IH 

vIL 

10E 
vIH 

l1/01-I/O, 
vIL 

VIH 

\TIL 

tWCH 

I I I 

1JII/1////JlJ//// !II //Iii !II IIP/;! ;1mY41;//@/i! 
! OPEN 

tev.'L I 

READ-HOD IFY -hTRITE CYCLE 

1/01-1/08 VI/OR 
VI/OL 

tCLZ 

~ :"H" or "L" 

- C-20 -

VALID DATA-OUT 



OUTLINE DRAWINGS 

• THM8512S 
Unit in mm 

¢3.18+0.05 -

/ 
i dCJ CJ CJ CJ~~ (() 

ri 

~r (][OOOOOOOOOODOOOODOODDODODDDODO 
d 
ri 

2.03 I 
7.62 2.54 

3.38 82.14± 0.13 

88.9 ±0.13 

• THM8512L 

82.14 ± 0.3 

~~CJCJCJCJ 
d 
C\1 

2.54 .11 o.5±o.l 

73.66±o.3 

- C-21 -

5.08MAX. 

5.08MAX. 

I 

~25±0.15 
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524.288 WORDSX8 BIT DYNAM'IC RAM MODULE 
STATIC COLUMN MODE 
DYNAMIC RAM MODULE 

DESCRIPTION 
The THM8514S/L is a 524.288 words by 8 bits dy­

namic RAM module which assembled 4 pcs of TC514258J 
on the printed circuit board. 

The THM8514S/L is optimized for application to the 

FEATURES 

• 524,288 words by 8 bits organization 
• Fast access time 

THM85l4S/L-1O 

tRAC RAS Access Time 

tAA Column Address Access Time 

tCAC CS Access Ti me 

tRC Cycle Time 

tsc Static Column Mode Cycle Time 

• Single power supply of 5V ± 10010 
• Low power 

737mW MAX. Operating (THM8514S!L-10) 
627mW MAX. Operating (THM8514S!L-12) 

22mW MAX. Standby 

lOOns 

50ns 

30ns 

190ns 

55ns 

• Read-Modify-Write, CS before RAS refresh, RAS only 
refresh, Hidden refresh, and Static Column Mode 
capability 

PIN CONNECTION 

(TOP VIEW) 0 

veC(l) CO ~(2) C 
DQO (3) 0 

D~ i ~ ~ 0 

~~~~~~ go 
A4 Ul) C 
AS (12) 0 

003 (13) 0 
AD (14) 0 
A7 (15) CJ 0 

~~~~~~ go 
~U9) 0 

DQS (20) C 
wen) C 

VSS (22) C 
DQD (23) C 0 

PDl (VCC) (24) C 

PD2 ~~~)7~: ~ D PAST (27) C 
m: (28) C 

N.C. (29) 0 
vee (30) C 0 

o 

THM8514S/L-10,12 

systems which are required high density and large capaci­
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
com pact size. 

THM85l4S/L-12 

l20ns 

60ns 

35ns 

220ns 

65ns 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

PIN NAMES 

AO-A8 Address Inputs 

DOO- Dm Data Input/Outputs 

OE Output Enable 

W ReadMrite Input 

CS Chip Select Input 

RAS1.2 Row Address Strobe 

PDl Presence Detect (Power) 

PD2 Presence Detect (Ground) 

Vcc Power (+5V) 

Vss Ground 

N.C. No Connection 
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BLOCK DIAGRA~1 

DQ,7 

DQ,6 

DQ,5 

DQ,4 

DQ,3 

DQ,2 

DQ,l 

DQ,O 

OE 

W 
CAS" 

RASl 

RAS2 

AO-AS 

Vee 

VSS 

PDl 
PD2 

~ 

..... ~ 
~ 

~ 

~ 

~ 

~ 

~ 

I 
~ 

~ 

r---

..--

~ 

.--

OE 

W 

eAS 

RAS 

AO-AS 

1/04 

1/03 

1/02 
VOl 
Vee Vgg 

.. 
" 

OE 

W 

eAS 

RAS 

AO-AS 

1/04 

1/03 

V02 

VOl 
Vee VSS 

~--H-
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OE 

W 
eAS 

RAS 

/ AC-AS 

V04 

V03 

.---- 1/02 
,..-- I/O 1 

Vee VSS 

~I 
II 

I--

I---

I---

OE 

I--f- f- W 
..... ~ CAS 

I-- RAS 

AO-AS 

1/04 

1/03 

...--- 1/02 

.-- I/O 1 

Vee Vgg 

II 
II 

~ 

I---

f--



THI8514S/L-10,12 
~BSOLUTE MAXIMUM RATINGS 

ITEM SYHBOL 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 o '\.. 70 °c 1 
Storage Temperature TSTG -55 '\.. 125 °c 1 
Soldering Temperature· Time TSOLDER 260 . 10 °c • sec 1 
Power Dissipation PD 2.4 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECmU'.1ENDED DC OPERATING CONDITIONS (Ta=O '\.. 70°C) 
Sy}1BOL 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=sV±lO%, Ta=O '\.. 70°C) 
Sy}1BOL PARAMETER BIN. MAX. UNITS NOTES 

OPERATING CURRENT THM8sl4S/L-10 - 134 
ICCI Average Power Supply Operating Current rnA 3, 4 

(RAS, CS, Address Cycling: tRC=tRC MIN. ) THM8sl4S/L-12 - 114 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 8 rnA 
(RAS=CS=VIH) 
RAS ONLY REFERSR CURRENT THM8sl4S/L-10 - 260 

ICC3 Average Power Supply Current, RAS Only Mode rnA 3 
(RAS Cycling, CS=VIH: tRC=tRC MIN. ) THM8sl4S/L-12 - 220 

STATIC COLUMN MODE CURRENT THM8sl4S/L-10 - 94 
Average Power Supply Current, Static Column 

ICC4 Mode rnA 3, 4 

(RAS=CS=VIL, Address Cycling: tsC=tSC MIN .) Till18sl4S/L-12 - 74 

STANDBY CURRENT 
ICCs Power Supply Standby Current - 4 rnA 

(RAS=CS=VCC-0.2V) 

CS BEFORE RAS REFRESH CURRENT THM8sl4S/L-10 - 260 
ICC6 Average Pmver Supply Current, CS Before RAS rnA 3 

Mode (RAS, CS Cycling: tRC=tRC MIN.) THM8sl4S/L-12 - 220 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -40 40 fJA 

(OV 2: VIN 2: 6. sV, All Other Pins Not Under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 fJA (DOUT is disable, OV f VOUT 2: s.sV) 

VOH 
OUTPlJT LEVEL 

2.4 Output "H" Level Voltage (IOUT=-5rnA) - 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, 17) 

SYHBOL PARAHETER 
THM8514S/L-IO Till18514S/L-12 

UNIT NOTES 
MIN. MAX. MIN. HAX. 

tRC Random Read or Write Cycle Time 190 - 220 - ns 
tRMW Read-Modify-Write Cycle Time 255 - 295 - ns 
tsc Static Column Mode Cycle Time 55 - 65 - ns 

tSRMW 
Static Column Mode Read-Modify-Write 115 - 135 - ns 
Cycle Time 

tRAC Access Time from RA"S - 100 - 120 ns 8, 13 
t CAC Access Time from CS - 30 - 35 ns 8, 13 
tAA Access Time from Column Address - 50 - 60 ns 8, 14 
tALW Access Time from Last Write - 95 - 115 ns 8, 15 
tCLZ CS to Output in Low-Z 5 - 5 - ns 8 
tOFF Output Buffer Turn-off Delay ° 30 0 35 ns 9 

tAOH 
Output Data Hold Time from Column 
Address 5 - 5 -- ns 

tow Output Data Enable Time from WRITE - 30 - 35 ns 
tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 
tRP RAS Precharge Time 80 - 90 - ns 
tRAS RAS Pulse Width 100 10,000 120 10,000 ns 
tRASC RAS Pulse Width (Static Column Hade) 100 100,000 120 100,000 ns 
tRSH CS to RAS Hold Time 30 - 35 - ns 
tCSH RAS to CS Hold Time 100 - 120 - ns 
tcs CS Pulse Width 30 10,000 35 10,000 ns 
tcsc CS Pulse hTid th (Static Column Mode) 30 100,000 35 100,000 ns 
tRCD RAS to CS Delay Time 25 70 25 85 ns 13 
tRAD RAS to Column Address Delay Time 20 50 20 60 ns 14 
tCRP CS to RAS Precharge Time 10 - 10 - ns 
tCPN CS Precharge Time 15 - 20 - ns 
tcp CS Precharge Time (Static Column Mode) 10 - 15 - ns 
tASR Row Address Set-up Time 0 - 0 - ns 
tRAH Row Address Hold Time 15 - 15 - ns 
tASC Column Address Set-up Time 0 - 0 - ns 
tCAH Column Address Hold Time 20 - 25 - ns 

tAWR 
Write Address Hold Time Referenced to 

75 90 
RAS - - ns 

tAR Column Address Hold Time Referenced to 
ill 115 - 140 - ns 

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

tAH Column Address Hold Time Referenced to 
RAS Rise 10 - 15 - ns 16 

tLWAD Last Write to Column Address Delay Time 25 45 30 55 ns 15 
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THM8514S/L -10,12 

THM8514S/L-IO THH8514S/L-12 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. }lIN. MAX. 

tAELW Last \"rite to Column Address Hold Time 95 - 115 - ns 

tRCS Read Command Set-Up Time Referenced to 
CS 0 - 0 - ns 

Read Command Hold Time Referenced to 
tRCH CS 0 - 0 - ns 10 

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

tWH 
Write Command Hold Time 

0 0 12 
(Output Data Disable) - - ns 

Write Command Hold Time Referenced to 
tWCR RAS 75 - 90 - ns 

twp WRITE Pulse Width 20 - 25 - ns 

tWI WRITE Inactive Time 10 - 15 - ns 
tRWL WRITE Command to RAS Lead Time 25 - 30 - ns 
tCWL WRITE Command to CS Lead Time 25 - 30 - ns 
t DS Data-In Set-Up Time 0 - 0 - ns 11 
tDH Data-In Hold Time 20 - 25 - ns 11 
tDHR Data-In Hold Time Referenced to RAS 75 - 90 - ns 
tREF Refresh Period - 8 - 8 ms 

tws WRITE Command Set-Up Time 
0 - 0 - ns 12 

(Output Data Disable) 

tCWD CS to WRITE Delay Time 65 - 75 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tRWD 
RAS to WRITE Delay Time 

135 - 160 - ns 12 
(READ-MODIFY-WRITE CYCLE) 

tAWD Column Address to WRITE Delay Time 85 - 100 - ns 12 

tCSR CS Set-Up Time (CS before RAS) 10 - 10 - ns 
tCHR CS Hold Time (CS before RAS) 30 - 30 - ns 
tRPC RAS to CS Precharge Time 0 - 0 - ns 

tCPT 
CS Precharge Time 

50 - 60 - ns 
(CS before ~S counter Test Cycle) 

tROH RAS Hold Time Referenced to OE 20 - 20 - ns 
tOEA OE Access Time - 35 - 45 ns 
tOED OE to Data Delay 25 - 30 - ns 

tOEZ 
Output Buffer turn off Delay Time from 
OE 0 25 0 30 ns 9 

tOEH OE Command Hold Time 25 - 30 - ns 

CAPAC ITANCE (Vcc=5V±10%, f=H1Hz, Ta=O tV 70°C) 
SYMBOL PARAMETER MIN. MAX. UNIT 
CII Input Capacitance (AO tV A8, W, CS, OE) - 40 
CI2 Input Capacitance (RASl, RAS2) - 20 pF 
CDQ I/O Capacitance (DQO tVDQ7) - 20 



NOTES: 

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 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 
signals. 

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 is not referenced to output voltage levels. 

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

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

12. tws, tWH, tRWD, tCWD and tAWD are not restrictive operating parameters. They 
are included the data sheet as electrical characteristics only. If tws ~tws 
(min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) through the entire cycle; If tmm f; tmm(min.), 
tCWD ~ tCWD(min.) and tAWD f; tAWD(min.), the cycle is a Read-Modify-Write cycle 
and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

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 contoro1led by tAA. 

15. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 
tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the 
specified tLWAD(max.) limit, then access time is controlled exclusively by tAA' 

16. tAR is the condition to latch column address when RAS has rised up. 

17. To prevent from the bus contention, please avoid such timing that both RASI and 
RAS2 are activation. 

- C-28 -



READ CYCLE 
tRC 

tRP 

VIH tRAS 
RAS 

tCRP vIL 
tcsH 

tRSH 

cs vIH tcs 

vIL 
tAR 

tRAL 
VIH 

AO~A8 COLUMN 
VIL 

tRRH 

WRITE 
VIH 

tROH 
VIL 

VIH 
OE 

VIL 

tRAC 

I/Ol~I/08 
VOH 

VOL 
OPEN 

~: "H" or "L" 

WRITE CYCLE (EARLY WRITE) 
tRC 

RAS 
vIH 

VIL 

VIH 
CS 

vIL 

AO~A8 
vIH 

VIL 

VIH 
WRITE 

VIL 

tWCR 

OE 
VIH 

VIH = 1111/11 /I!11!/II //II III!J//Il II II! !/III III II /II 1111 I/J///J/ J/ 1//// II//; 

VIH 
I/Ol~I/08 

V1L 
OPEN 
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WRITE CYCLE (0£ CONTROLLED WRITE) 

AO-A8 

I/OI-I/08 

VIH 

VIL 

READ-MODIFY-WRITE CYCLE 

I/OI-I/08 
VI/OH 

VI/OL 

tRAS 

E22d: "H" or "L" 

tRMW 

tRAL 

tCSH 

tcs 

COLUMN ADDRESS 

tCWD 
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THM8514S/L-lO, l2 
STATIC COLUHN HODE READ CYCLE 

VIH - t HASC 
HAS 

VIL -

tsc tsc tRAL 

VIH -
AO~A8 

VIL -

COLUMN COLUMN COLUMN 
ADDRESS ADDHESS ADDRESS 

tHAD tAsc 

tAH tRSH 

CS 
VIH - tcsc tcsc 

VIL -

WRITE 
VIH -

VIL -

OE 
VIH -

VIL -

I/Ol~L/08 VOH- --------------------------~II 
VOL- tCLZ 

VALID DATA VALID DATA 

~: "H" or "L" 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH 
RAS 

VIL 

AO-AS 
VIH 

VIL 

VIH -
CS 

VIL -

WRITE 
VIH -

VIL -

VIH 
OE 

VIL 

1/01-1/08 
VIH -

VIL -

~ "H" or "L" 
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STATIC COLUMN MODE READ-MODIFY-HRITE CYCLE 

VIH 
RAS 

vIL 

vIH 
AO-A8 

VIL 

VIH 
CS 

VIL 
t RCD tCWD 

tAWD 

VIH -
WRITE 

tRWD VIL -

VIH -

VIL -

VVOH-
1/01-1/08 ----------------~v 

VI/OL - tCLZ 

VALID 
DATA-OUT 
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COLUMN 

tRAL 

tAWD 

VALID 
DATA-OUT 

E22d: "H" or "L" 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

RAS 
VIH 

VIL 

VIH COLUMN :;OLUMN 
AD-AS ADDRESS ADDRESS 

VIL 

tCAR 

tLWAD 

CS 
VIH 

tAHLW 
VIL 

tAWD 

tCWD 

WRITE VIH 

VIL 

OE 
VIH 

VIL 

1/01-1/08 VI/OH -----+---+-U 
VI/OL -

(READ) (WRITE) (READ) 

~: "H" or ilL" 
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THM8514S/L-l0, 12 

RAS ONLY REFRESH CYCLE 

RAS 
vIH 

VIL 

CS 
v IH 

vIL 

vOH 
AO~A8 

vOL 

CS BEFORERAS REFRESH CYCLE 

tRP I tRP I 
VIH -

RAS 
VIL -

tRAS 
I I 

~ ~ tRPC 

tCPN 
'---

vIH -
CS 

VIL -

tCSR 

\[ -- tCHR 

Y _.J 
I 

tOFF 

VOH -
I/Ol~I/08 

VOL -
OPEN 

~ 
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HIDDEN REFRESH CYCLE (READ) 

AO-A8 

=1IJ////J/!!II)///7 I tROH 

~
: tCAC 

tCL 
tRAC tOEZ 

1/01-1/08 VALID DATA-OUT 

~ "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

tCRP tRCD tCHR 

VIH 
CS tRAD 

VIL 
tAsc 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

VIH 
OE 

VIL 

VIH -
1/01-1/08 

VIL -

~: "H" or "L" 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH tRAS 
RAS 

vIL 

tcP!' tRSH 

as vIH tcs 

VIL 
READ CYCLE tRAL 

AO-A8 VIH 
ADDRESS 

VIL 

WRITE 
VIH 

tROH 
VIL 

OE VIH tOEA 

VIL -

tOLZ 

1/01-1/08 
VOH -

VALID DATA-OUT 
VOL - OPEN 

WRITE CYCLE 

:IH = III! !////J/J/!//I///I////// 11/// !III I! II! //II/! II/Jl/J!I/!J/////////J// 
IL tD~ tDH I 

VIH -
VO I-I/O 8 VIL _ -----OPEN VALID DATA-IN I}----+---+-----

READ-MODIFY-WRITE CYCLE ~ I tCAH I 

AD-A8 :~: = 71J1/II;VffiJIII !II 111M; COLUMN ADDRESS W;;J1/I/@II$/;j 
t~1 ~ ~I~~~~~ 

V IH - "'7'"r'1..-r-r-T7"7""'7"'"r1-rrr-rrrrr-r-rr-r-ri"7l"7"7'7~ 

V IL - ~J....t.....U.../...L.LJ.....J....i....I.....L...L..I.~U.../....J.....l.../.~~L..L.J:::;F--+--' 

VI/OH -
VOI-I/08 ------------o{V 

vI/OL -

F22Ll: "H" or "L" VALID DATA-OUT 
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THM8514S/L-l0, 12 

OUTLINE DRAWINGS 

• Till18514S 

Unit in rom 

/ 
~ ~{ CJ CJ CJ CJ~~ (() 

.-I 

~r [PDDDDDDDDDDDDDDDDDDDDDDDDOOODD 
c5 
.-I 

2.03 I 
7.6:: 2.54 

3.38 82.14 ± 0.13 

88.9 ::1:0.13 

• THH8514L 

I .. 
82.14 ± 0.3 

CJ CJ CJ CJ 
2.54 .11 0.5 ± 0.1 

73.66 ± 0.3 
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~B 
~I 1.27+0.13 

-0.08 
i 

5.08 MAX . 

5.08MAX. 

I I 

II 0.25±0.15 
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THM81000S/L-85, 10, 12 

JOESCRIPTION I 
The THM81000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 

8 pcs of TCsIIOOOJ on the printed circuit board. 
The THM81000S/L is optimized for ap~lication 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 

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±10% 
3,08OmW MAX. Operating 
2,640mW HAX. Operating 
2,200mW HAX. Operating 

• Low power 

44mW HAX. Standby 

THM8I000S/L-85 THM8I000S/L-IO 

8sns 
4sns 
2sns 

16sns 
SOns 

(THM81000S/L-85) 
(THMG1000S/L-10) 
(THM81000S/L-12) 

lOOns 
SOns 
25ns 

190ns 
5sns 

THM8I000S/L-12 

120ns 
60ns 
30ns 

220ns 
70r.s 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cyc1es/8ms 

!PIN CONNECTION! 

(TOP VIEW) VCC 
CAS 
DQ,O 
AO 
Al 
£~1 
A3 
VSS 
DQ,2 
A4 
A5 
DQ,3 
A6 
A7 
DQ,4 
A8 
A9 
N.C. 
JlQ,5 
W 
VSS 
DQ,6 
N.C. 
DQ,7 
l:!.& 
RAS 
N.C. 
N.C. 
VCC 

0 
(1 

~~ 

Ii 
~ gl I 
al I 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

~c=J 
~I I 
~I I 
~c=J 
gc=J 
~I I 

0 

! PIN NAt,1ES I 
AO 'V A9 
DQC 'V DQ7 

CAS 

RAS 
\-.] 

VCC 

VSS 

N.C. 
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Address Inputs 

Data Input/Outputs 

Column Address Strobe 

Row Address Strobe 
Read/\~rite Input 

Power (+5V) 

Ground 

No Connection 



1 ~LJ 1><4:: I ~J 0 
,... 

D D "" ~ r---l'I 

r- k 
AO-A9 

r- k 
AO-A9 

RAS RAS 
l- f-<: CAS I- f-c CAS 
l- re WRITE I- f-c WRffE 

~--H-- HI--' 

DQ, t 
I-

~J 1 
I-

Q,J 1 0 -D DQ,50 f-- D 
-J., AO-A9 ~ AO-A9 -Y -.I 

~ K RAS ~ k RAS 
f-- -C CAS I- f--c CAS 

f-- -C WRITE I- k WRITE 

H~ HI--
r f--

Q,U I 
I-

Q,J 2 C I--D DQ,6 "" f--- D 
L..J, lJ, 

AO-A9 

~ 
AO-A9 rY 

~ RAS .... ~ RAS 

DQ, 

f-- k CAS l- f--< CAS 

I- ~ f-<: WRITE l- f-<: WRITE 

HI- H~ 

3 ~ r I- I-

~J r I-

Q,U i--D DQ,7 0 - D 
Y AO-A9 ~ AO-A9 ,.{ ,....-y 

DQ, 

~ k RAS f-- k RAS 

f-- k CAS f-- k CArr 
.... l- re IWRITE f-- f--c WRffi 

Ht-
AO-A9 I 

,... I 
..... 

''''' 

~ ...., 
~ ...., 
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TI1I810808/L·85, 10, 1'2 

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 4.B W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O "-' 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.B V 2 

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

SYMBOL PARAMETER MIN. HAX. UNITS NOTES 

OPERATING CURRENT THM8l000S/L-85 - 560 

ICCI Average Power Supply Operating Current THM8l000S/L-10 - 480 rnA I 3, 4 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) THHBlOOOS/L-12 - 400 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 16 rnA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THM8l000S/L-85 - 560 
ICC3 Average Power Supply Current, RAS Only Mode THMBlOOOS/L-lO - 430 rnA 3 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THMBlOOOS/L-12 - 400 
FAST PAGE MODE CURRENT THMBIOOOS/L-B5 - 400 

ICC4 Average Power Supply Current, Fast Page Mode THMBIOOOS/L-IO - 320 rnA 3, 4 
(RAS~VIL' CAS Address Cycling: tPC=tPc MIN.) THM8l000S/L-12 - 240 
STANDBY CURRENT 

ICC5 Power Supply Standby Current B rnA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT TF.M81000S/L-B5 - 560 

ICC6 Average Power Supply Current, CAS Before RAS r.l'HM8l000S/L-10 - 480 nA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THN81000S/L-12 - 400 
INPUT LEAKAGE CURRENT 

lI(L) Input Leakage Current, any Input -80 80 w\ 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

10 (L) OUTPUT LEAKAGE CURRENT -20 20 ~A (DOUT is disabled, OV ~ VOUT ~ 5. 5V) 

VOH OUTPUT LEVEL 
2.4 Output "H" Level Voltage (IOUT=-5rnA) - V 

VOL OUTPUT LEVEL 0.4 V Output "L" Level Voltage (IOUT=4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O'" 70°C) (Notes 5, 6, 7) 

SYMBOL 
THM81000 s/L- 85 THM81000 S/L-IO THM81000S/L-12 

UNIT NOTE5 PARAMETER 
MIN. MAX. MIN. MAX. MIN. MAX. 

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

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

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

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

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

t CPA 
Access Time from CAS 

45 50 65 Precharge - - - ns 8 

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse \.Jidth 85 10,000 100 10,000 120 10,000 ns 

tRASP RAS Pulse Width 85 100,000 
(Fast Page Mode) 

100 100,000 120 100,000 ns 

t RSH RAS Hold Time 25 - 25 - 30 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 
t CAS CAS Pulse v.7idth 25 10,000 25 10,000 30 10,000 ns 

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

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

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

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

t ASR Row Address Set-Up Time 0 - 0 - 0 - ns 

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

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

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

tAR 
Column Address Hold Time 65 75 90 
referenced to RAS - - - ns 

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

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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ELECTRICAL CHARACTERISTICS AND RECO~1t~ENDED AC OPERATING CONDITIONS (Continued) 

SYHBOL 
THM81000S/L-85 THM81000 S/L -10 THM81000 S/L -12 

PARAMETER 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 

t WCH Write Command Hold Time 20 - 20 - 25 - ns 
Write Command Hold Time 

65 75 90 tWCR RAS 
- - - ns 

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

Write Command to RAS Lead 
20 30 t mJL Time - 25 - - ns 

tCWL 
Write Command to CAS Lead 

20 25 30 Time - - - ns 

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 

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

tREF Referesh 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 -
(CAS before RAS Cycle) 

30 - 30 - ns 

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

tCPT CAS Precharge Time (CAS be- 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (V CC=5V±10%, f=lHHz, Ta=O'V 70°C) 

SYHBOL PARAMETER MIN. MAX. UNIT 
CII Input Capacit'ance (AO 'V A9, W, CAS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO 'V DQ7) - 15 pF 
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NOTES: 

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

2. All voltages are referenced to VSS' 

3. ICC1, 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 ~ 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 100pF. 

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

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

11. These parameters are referenced to 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 CYCLE 

___ VIH 
WRITE 
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VALID DATA 

~: "H" or "L" 



EARLY WRITE CYCLE 

tRC 

tRAS 
tRP 

VIH 
RAS 

VIL 

t RCD t RSH 

tCSH 

tCAS 

CAS 
V1H 

VIL 

twp 

WRITE 
VIH 

VIL 

tDH 

V1H DATA DIN 
VIL 

OPEN 
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FAST PAGE MODE READ CYCLE 

WRITE VIR 
VIL 
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--~~. --~---Y~. ~~.--,-",~."",~,-,--, 

\ c~ ~: ': \ 

tRP 

~: "H" or "L" 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

DOUT OPEN 

E223 : "H" or "L" 
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TN M8 tOO 0 Sll-I 5 , 10, 12 

RASONLY REFRESH CYCLE 

OPEN 

Note: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS'" REFRESH CYCLE 

tRC 

tRAs 

vIH 
RAS 

VIL 

tCRR 

CAS VIR 

VIL 

OPEN 

Note: WRITE="H" or "L", AO'VA9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

t 

tRAS t RP tRAS 

VIH 
RAS 

VIL 

t RCD t RSH tCHR 

VIH 
CAS 

VIL 

~ 'H' or 'L' 
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HIDDEN REFRESH CYCLE (WRITE) 

tCHR 

OPEN 

~: IHI or ILl 

- C-54 -



THM81000S/~85, 10, 12 
CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRAS 

VIH tRSH 
RAS 

VIL 

VIH 
CAS 

VIL 

VIH 
AO-Ag 

VIL 

READ CYCLE 

VOH 
DOUT 

VOL 

VIH 
WRITE 

VIL 

WRITE CYCLE 
vOH 

DOUT OPEN 

VOL tRWL 

tCWL 

twcs t WCH 

VIH twp 

WRITE 
VIL 

t DS tDH 

VIH 
DIN 

VIL 
VALID DATA 

~: "H" or 'L" 
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OUTLINE DRAWINGS 

• THM81000S 

Sa90±0.13 

75.95MAX. 

DDDDDD 
0000000000000000000000000000-

2.54 

82.14 ± 0.13 

• THM81000L 

I 82.1 4 ± 0.:3 I 

~ ~ DDDDDDDD 
2.54 II 0.5±0.1 

73.66±0.:3 
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Unit in rom 

I ~:H8±n05 

3..38 

+0.13 
1.27-0.0S 

5.0 S MAX. 

I I 
508MAX. 

II a.25±0.15 
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THM81 001 S/L-85, 10, 12 

\DESCRIPTION! 

The TID181001S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TCSIIOOIJ on the printed circuit board. 

The THM81001S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

\ FEATURES\ 

• 1,048,576 words by 8 bits organization 
• Fast access time 

TID181001S/L-85 TID181001S/L-IO THM810()lS/L-12 
tRAC RAS Access Time 85ns lOOns l20ns 
tAA Column Address Access Time 45ns SOns 60ns 
tCAC CAS Access Time 30ns 35ns 40ns 
tRC Cycle Time l65ns 190ns 220ns 
tNCAC Nibble Mode Access Time 20ns 20ns 25ns 
tNC Nibble Mode Cycle Time 40ns 40ns 50ns 

• Single pOVJer supply of 5V±10% • All inputs and outputs TTL compatible 
• Lm·J pOHer • 512 refresh cyc1es/8ms 

3,080mH MAX. Operating (T111-181001S/L-85) 
2,640mH HAX. Operating (TI-TJ.18l001S/L-10) 
2,200mW MAX. Operating (THM81001S/L-12) 

44mW MAX. Standby 
• CAS before RAS refresh, fJ.S only refresh, 

Hidden refresh, and Nibble Mode capability. 

IPIN CONNECTION\ 

(TOP VIEW) 
vee ( 1) 
CAS' ( 2) 
DQO ( 3) 

AO ( 4-) 
Al ( 5) 

001 ( 6) 
A2 ( 7) 
A3 ( 8) 

VSS ( 9) 
002 (10) 
A4 (11) 
A5 (12) 

DQ3 (13) 
A6 (14) 
A7 (15) 

004 (16) 
A8 (17) 
A9 (18) 

N.C. (19) 
005 (20) 

W(21) 
,ISS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
N.C. (26) 
Ri'm (27) 
N.C. (28) 
N.C. (29) 
VCC (30) 

--'0 

gl I 
0 

I 81 

~CJ 
~I I 
gl 
0 I 
gC] 
0 

gC] 
0 

gl I 
0 

I PIN NAMESI 

AO '\, A9 

DQO '" DQ7 

CAS 

RAS 

W 

VCC 

VSS 

N.C. 
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Address Inputs 

Data Input/Outputs 

Column Address Strobe 

Row Address Strobe 

Read/Hrite Input 

Power (+5V) 

Ground 

No Connection 



Vee 
VSS 

DQ, 

DQ, 

DQ, 

DQ, 

o " 

1 ..... 

2 ..... 

3 ,.... 

l 

f"\ 

" 
,... 
~ 

,... 

,... 

1 

.---
I-

-

r '-

~ 

r-
r-

r r-

f--

r-

f--

I 
f-

~ 

l-

l-

D 
,.....--J\ 

rv' AO-A9 

k RAS 
k CAS 
k WRITE 

~J-

I-- D 
LJ, 

r' AO-A9 

f-c RAS 

k CAS 

k WRITE 

HJ-
I 

r-- D 
L4 

AO-A9 

~ RAS 
k CAS 

k WRITE 

~I--
J 
i 

I-- D 
W, 
r-I AO-A9 

k RAS 

f-<: CMf 

f-<: WRITE 

I 
H 
! 

Q,J DQ, 4 ..... 1 D Q,J 
,---'\ 

~ 
AO~A9 

r HAS 
'- r-c CAS 
- r-c WRITE 

r-H-

~J r r-

QJ DQ, 5 "" r-- D 
~ 
r-.J AO~A9 

~ f-<: ~ 
r- r-c CAS 
r- f--c WRITE 

rU-

Q,J r r-

QJ DQ 6 t-- D 
LJ". 

AO~A9 
i'" 

t- r-c RAS" 
t- r-c CAS 

r- r WRITE 

r-H-

I 
r-

Q,J Q,U IX( 7 ..... t-- D -
~ 
r AO~A9 

>- r-c RAS 
- f-c CAS 
r- f-c WRITE 

'-H-

JJ 
I 
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THM81001S/L-85, 10, 12 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYHBOL RATING UNITS NOTES 

Input Voltage VIN -1 'V 7.0 V 1 
Output Voltage VOUT -1 'V 7.0 V 1 
Power Supply Voltage Vee -1 'V 7.0 V 1 
Operating Temperature TOPR o 'V 70 °e 1 
Storage Temperature TSTG -55 'V 125 °e 1 
Soldering Temperature • Time TSOLDER 260 . 10 °e • sec 1 
Power Dissipation PD 4.S W 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcm1~1ErWED DC OPERATING CONDITIONS (Ta=O 'V 70°C) 

STI1BOL PARAHETER 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=O 'V 70°C) -

STIlBOL PARAHETER HIN. MAX. UNITS ~OTES 
OPERATING CURRENT THHS100lS/L-S5 - 560 

1CCl Average Power Supply Operating Current TF:118l001S/L-10 - ',80 rnA 3, 4 
(RAS, CAS, Address Cycling: tRC=tRC MIN. ) THH8l001S/L-12 - 400 
STANDBY CURRENT 

1CC2 Power Supply Standby Current - 16 rnA 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT THMSlO01S/L-85 - 560 

ICC3 Average Power Supply Current, RAS Only Mode TP.MS1001S/L-10 - 4S0 rnA 3 
(RAs Cycling, CAS=VIH: tRC=tRC MIN.) THMS1001S/L-12 - 400 
NIBBLE MODE CURRENT THMS100lS/L-85 - 400 

ICC4 Average Power Supply Current, Nibble Mode THM8l00lS/L-10 - 320 rnA 3, 4 
(RAS=VIL, CAS Cycling: tNC=tNC MIN.) THMSlOOlS/L-12 - 240 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 8 rnA 
(RAS=CAS=VCC-0. 2V ) 
CAS BEFORE P~S REFRESH CURRENT THH8l00lS/L-85 - 560 

ICC6 Average Power Supply Current, CAS Before THHS100lS/L-10 - 4S0 rnA 3 
RAS Mode (RAS, CAS Cycling: tRe=tRc MIN. ) Thl'1Sl00lS/L-12 - 400 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 SO lJA 
(OV ;; VIN ;; 6. SV, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 lJA (DOUT is disabled, OV;VOUT;5.5V) 

VOH 
OUTPUT LEVEL 
Output "B" Level Voltage (IOUT=-SmA) 2.4 - V 

VOL 
OUTPUT LEVEL 0.4 V Output "L" Level Voltage (lOUT=4.2rnA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O'\J 70°C) (Notes 5, 6, 7) 

SYHBOL PARAHETER THMB10018,/1,-B5 THMB10018,/1,-lC THMB 10018,/1,-1:: UNIT NOTES 
HIN. HAX. MIN. MAX. HIN. MAX. 

t RC 
Random Read or Write Cycle 

165 190 220 - - - ns 
Time 

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

tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
t CAC Access Time from CAS - 30 - 35 - 40 ns 8,13 

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

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

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

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

tT Transition Time 
(Rise and Fall) 

3 50 3 50 3 50 ns 7 

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Hidth 85 10,000 100 10,000 120 10,000 ns 

tRSH RAS Hold Time 30 - 35 - 40 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Hidth 30 10,000 35 10,000 40 10,000 ns 
tRCD RAS to CAS Delay Time 25 55 25 65 25 80 ns 13 

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

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

tCPN CAS Precharge Time 15 - 15 - 20 - ns 
tASR Row Address Set-Up Time 0 - 0 - 0 - ns 

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

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

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

tAR 
Column Address Hold Time 65 - 75 - 90 - ns 
referenced to RAS 

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

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

t RCH 
Read Command Hold Time 

0 0 0 10 referenced to CAS - - - ns 

tRRH 
Read Command Hold Time 0 - 0 referenced to RAS - 0 - ns 10 
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THm81001S/L-85, 10,12 

ELECTRICAL CHARACTERISTICS AND RECor~~1ENDED AC OPERATING CONDITIONS (Continued) 

THM81001S/L- 85 THM81001S/L-1O THM810018/1,-1:: 
SYMBOL PARAMETER UNITS NOTES 

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

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

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

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

t RWL 
Write Command to RAS Lead 20 25 - 30 - ns -Time 

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

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

tDHR 
Data-In Hold Time referenced 65 75 90 -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 

I 10 - 10 - 10 - ns 
(CAS before RAS) I 

i 

tCHR ICAS Hold Time 
30 30 30 

I (CAS before RAS) - - - ns 

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

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

tNCAS Nibble Mode Pulse Width 20 - 20 - 25 - ns 

tNCP 
Nibble Mode CAS Precharge 

10 10 15 - - - ns Time 

tNRSH Nibble Mode RAS Hold Time 20 - 20 - 25 - ns 

tNRWL 
Nibble Mode WRITE Command to 20 - 20 - 25 - ns 
RAS Lead Time 

tNCHL Nibble Mode HRITE Command to 20 - 20 - 25 - ns 
CAS Lead Time 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=O'U 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO'U A9, W, CAS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO'U DQ7) - 15 pF 
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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. I CCl ' I CC3 ' I CC4 ' ICC6 depend on cycle rate. 

4. I CCl ' ICC4 depend on output loading. Specified values are obtained with the 

output open. 

5. An initial pause of 200ws 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 P~S 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 VIR and VIL. 

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

9. tOFF(HAX.) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

10. Either tRCR or tRRR 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 tlvCS ~ 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 tRP.D(max.) limit, then access time is controlled by tAA" 
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THMSl 001 S/L-S5, 10, 12 

READ CYCLE 

VALID DATA 

~: "H" or ilL" 
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THI81 00 1 SIL,~85, .. 10, ·12 

EARLY \VRITE CYCLE 

AO-A9 

VOH -­
DOUT 

VOL--
OPEN 

~: "H" or "L" 
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THM81001S/L-85, 10, 12 
NIBBLE MODE READ CYCLE 

BAS 
VIH 

VIL 

CAS 
VIH 

VIL 

AO~A9 
VIH 

VIL 

VOH 
OPEN DOUT 

VOL tAA 

WRITE 
VIH 

VIL 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
PAS 

VIL 

CAS VIH 

VIL 

VIH 
AO~A9 

VIL 

WRITE 
VIH 

VIL 

DIN 
VIH 

VIL 

VOH 
tDHR 

DOUT OPEN 
VOL ~: "H" or "L" 
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,C" J 

.'. T81\'18.1 00:1 S/:.1i.86, ·1·a~12 

RAS ONLY REFRESH CYCLE 

VIH 
CAS 

vIL 

tASR tRAH 

vIH 
AO-A8 

VIL 

VOH -
DOUT 

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

f22d "E" or "L" 

NOTE: HRITE="H" or liLli, A9="H" or "L" 
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THM81001S/t-85, 10, 12 

CAS BEFORE RAS REFRESH CYCLE 

tCHR 

OPEN 
VOL 

f22d: "H" or ilL" 

NOTE: WRITE="H" or "L", AO 'VA9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIR 
RAS 

VIL 

VIR 
CAS 

VIL 

___ VIR 
WRITE 

tRAS 

tRCD 

tcLZ 

tRC 

tRF tRAS 

tRSR tCRR 

~: "H" or "L" 
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1HM81001S/L-85, 10, 12 

HIDDEN REFRESH CYCLE (WRITE) 

t Rc 

VIH tRAS t~..A.2 

RAS 
VIL 

tRCD tRSH tCHF. 

V1H 
CAS 

VIL 

VIH 
AO~A9 

VIL 

tWCR 

tRWL 

twcs tWCH 

VIH 
WRITE 

V1L 

DOUT OPEN 

E22J: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRP 

vIH 
RAS 

VIL 
tCHR 

CAS 
VIH 

VIL 

VIH 
AO~A9 

vIL 

READ CYCLE 

VOH 
DOUT 

vOL 

WRITE 
VIH 

VIL 

~ffiITE CYCLE 

r DOUT 
VOH 

OPEN 
I 

VOL tRWL 
i 
I tCWL ! 
i twcs tWCH 
i 
I 

VIH twp 

j WRITE 
VIL 

tDS tDH 

lDIN 
~IH 

VALID DATA 
VIL 

~: "H" or "L" 
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THM8·1 001 S/L-a5, 10, ·12 

OUTLINE DRAWINGS 

• TIDI81001S 

Unit in rnm 

88.90±0.13 

I .U8±U05 

~D=-=-D=-=--D D---=O D=-==+-------.~ 
75.95MAX. 

0000000000000000000000000000 ~ 

2.54 

82.14± 0.13 3.38 

• TID181001L 

I 82.14 ± 0.:3 I 

~ jlODDDDODD 
2.54 II 0.5±0.1 

73.66±0.3 
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I +0.13 
-l 1.27 -0.08 

5.08MAX . 

5.08MAX. 

I I 

II 0.25±O.15 
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TOSHIBA MOS MEMORY PRODUCTS 
THM81002S/L-85, 10,12 

IDESCRIPTION! 

The T}lli8l002S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pcs of TC5ll002J on the printed circuit board. 
The T}lli8l002S/L is optimized for application to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

!FEATURES1 

• 1,048,576 words by 8 bits organization 
• Fast access time 

THMS1002S/L-S5 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 
tCAC CS Access Time 25ns 
tRC Cycle Time l65ns 
tsc Static Column Hode Cycle Time 50ns 

• Single power supply of 5V±10% 
• Lmv power 3, OSOmW HAX. Operating (THMS1002S/L-S5) 

2,640mW HAX. Operating (THM8l002S/L-10) 
2,200mW t!AX. Operc:ting (Till18l002 S/L-12) 

44mW HAX. Standby 

THMS1OO2S/L-1O TI:M8l002S/L-12 
lOOns l20ns 

50ns 60ns 
25ns 30ns 

190ns 220ns 
55ns 65ns 

• CS before RAS refresh, RAS only refresh, Hidden refresh, and Static Column Hode 
capability. 

• All Inputs and Outputs TTL Compatible 
• 512 refresh cycles/Sms 

IPIN CONNECTION! 

(TOP VIEW) 

~~ ~l~ gl I 
AO (4) 0 

~1 ~~)~ g'-I---.,\I 
A3 (S)gOoC] VSS (9) 
DQ,2 (10) 
A4 (11) 
A5 Cl2) 0r----......,I 

~3 a2~ gol I 
A'1 (15) . . 

~4 ~i~~ o~::1 ====:::::::\ 
N.C. Cl9) 
DQ,5 (20) DC] 
W (21) 0 
VSS (22) 0 
DQ,6 (23) 0 
N.C. (24) 0C] 
IQ,7 (25) ° 
N.C. (26) ° 
rom- (27) C/ r------. 

~~8ci ~~~ g[ I 
o 

I PIN NAt1ES! 

AO '\, A9 

DQO '\, DQ7 

CS 

RAS 

\\1 

VCC 

VSS 

N.C. 
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Address Inputs 

Data Input/Outputs 

Chip Select Inpet 

Row Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

No Connection 



Vee 

Vss 

D Q,O ~ 

D Q,l -

D Q,20 

3 

l 

0 

'"'-

t"L 

r'\ 

.:.. 

l 
r--

f-

f-

Ll-

I : ! 
I: 

I 
: I 

: I 
I I 

~ 
~l 

1 
,..... 
f-

..... 1-

r JL 
>--

-
f--

D 
~ 

rV AO-A9 

f-<: HAS 

r-c CS 

f--<: WRITE 

HI-

I-D 
L...I\ 

AO-A9 

~ RAS 

f-< cs 
f-<: WRITE 

HI-

t-- D 
~ 

AO-A9 

~ RAS 

f--<: cs 

I-< WRITE 

r-H--< 

f-- D 
~ AO-A9 r-v' 
f--<: RAS 

r--<: CS 

I-< WRITE 

~J DQ,4..., 1 
D ~J 

---J\, 

rv AO~A9 
r- r-< RAS 

r-- H OS 
H- f--< WRITE 

HI-

~J r e-

oJ DQ,5 ..... r-- D 

~ AO-A9 

~ I-< ~ 
...... e- I-< cs 

r- ~ WRITE 

~~ 

Q,J r f- Q,J DQ,6 ..... -D 
~ 

AO-A9 r-v 
~ I-< RAS 

f- f--< CS 

f- r-< WRITE 

~-H-

Q,J r - oJ DQ,7 -D 
~ 

AO-A9 [""'I 
~ ~ RAS 

r- I-< em 
r- f-< WRITE 

~I-

I 
1 
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THM81 002S/L -85,10, 12 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0rv7.0 V 1 

Output Voltage VOUT -1.0rv7.0 V 1 
Power Supply Voltage VCC -1.0rv7.0 V 1 
Operating Temperature TOPR o rv 70 °c 1 
Storage Temperature TSTG -55 rv 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 

RECOM~1ENDED DC OPERATING CONDITIONS (Ta=O '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 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'V70°C) 

SYMBOL PARAMETER ~!IN • ~1AX. UNITS NOTES 

OPERATING CURRENT THM81002S/L- Q;:; - 560 
ICC1 Average Power Supply Operating Current THM81002S/L-IO - 480 rnA 3, 4 

(RAS, CS, Address Cycling: tRC=tRC MIN. ) THM81002S/l-12 - 400 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 16 rnA 
(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT Tlli\18i002S/L-S 5 - 560 

ICC3 Average Power Supply Current, RAS Only Hode THM81002S/L-IO - 480 rnA 3 
(RAS Cycling, CS=VIH: tRC=tRC MIN.) THM81002S/L-12 - 400 
FAST PAGE MODE CURRENT THM81002S/l-85 - 400 

ICC4 Average Power Supply Current, Static Column Mode THM81002S/L-IO - 320 rnA 3, 4 
(RAS=CS=VIH, Address Cycling: tSC=tsc MIN.) THM81002 S/L-12 - 240 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 8 rnA 
(RAS=CS=VCC-O.2V) 

CAS BEFORE RAS REFRESH CURRENT THM81002S/L- 85 - 560 
ICC6 Average Power Supply Current, CS Before RAS Mode THM81002S/L-IO - 480 rnA 3 

(RAS, CS Cycling: tRC=tRC MIN.) THM81002S/L-12 - 400 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 80 ~A 
(OV ~ VIN ~ 6.5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 (DOUT is disabled, OV ~ VOUT ~ 5.5V) ~A 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5rnA) 2.4 - V 

VOL OUTPUT LEVEL 0.4 V Output "L" Level Voltage (IOUT=4.2rnA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=Oru 70°C) (Notes 5, 6, 7) 

SYMBOL PARAMETER 
THM81002 s/L -85 THM81002S/L-IO THM81002S/L-12 

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

t RC 
Random Read or Write Cycle 165 190 220 
Time - - - ns 

tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
t CAC Access Time from CS - 25 - 25 - 30 ns 8,13 

tAA Access Time from Column - 45 
Address 

- 50 - 60 ns 8,14 

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

t AOH 
Output Data Hold Time from 5 -
Column Address 

5 - 5 - ns 

tow Output Data Enable Time from 
30 30 35 

HRITE 
- - - ns 

t~vOH 
Output Data Hold Time from 
HRITE 0 - 0 - 0 - ns 

tT Transition Time 
3 50 3 50 3 50 7 

(Rise and Fall) 
ns 

t RP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

t RASC RAS Pulse Hidth 85 100,000 100 100,000 120 100,000 ns 
(Static Column Hade) 

tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 

tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tcsc CS Pulse Width 25 100,000 25 100,000 30 100,000 ns 
(Static Column Mode) 

t RCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 

tRAD 
RAS to Column Address Delay 

20 40 20 50 20 60 14 Time ns 

t CRP CS to RAS Precharge Time 10 - 10 - 10 - ns 

tcp CS Precharge Time 10 - 10 - 15 - ns 
(Static Column Mode) 

t ASR Row Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Row Address Bold Time 15 - 15 - 15 -- ns 
t ASC Column Address Set-Up Time 0 - 0 - 0 - ns 

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

t AWR 
Hrite Address Hold Time 65 75 90 
referenced to RAS - - - ns 
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THM81002S/L-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THM81002 S/L-85 THM81002S/L-IO THM81002S/L-12 
SY1-1BOL PARAMETER UNITS NOTES 

MIN. MAX. HIN. MAX. MIN. MAX. 

tAR Column Address Hold Time 100 115 - 140 -referenced to RAS - ns 

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

tAH Colu!!ln Address Hold Time 10 - 10 - 15 - ns 16 
referenced to RAS Rise 

tCWL 
Write Command to CS Lead 

20 25 30 Time - - - ns 

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

t RCH 
Read Command Hold Time 

0 0 0 10 
referenced to CS - - - ns 

tRRH 
Read Command Hold Time 

0 0 10 referenced to RAS - 0 - - ns 

thTH 
hTrite Command Hold Time 0 - 0 - 0 - ns 12 
(Output Data Disable) 

t hTCR 
vJrite Command Hold Time 65 75 90 
referenced RAS - - - ns 

to 

tHP Hrite Command Pulse Width 20 - 20 - 25 - ns 

tHI \~rite Command Inactive Time 10 - 10 - 15 - ns 

tRHL 
Write Command to RAS Lead 20 25 30 
Time - - - ns 

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

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

tREF Refresh Period - 8 - 8 - 8 ms 

tws Write Command Set-Up Time 0 0 0 12 
(Output Data Disable) 

- - - ns 

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

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

t RPC 
RAS Precharge to CS Active 
Time 0 - 0 - 0 - ns 

t CPT 
CS Precharge Time 50 - 50 - 60 - ns 
(CS before RAS Counter Test) 

tCPN CS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (Vee=5V±10%, f=lMHz, Ta=O'U 70 0 e) 

SYHBOL PARMtETER MIN. MAX. UNIT 

ell Input Capacitance (AO'U A9, \oJ, es, RAS) - 60 pF 

CDQ I/O Capacitance (DQO'U DQ7) - 15 pF 
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NOTES: 

1. 

2. 

3. 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

All voltages are referenced to VSS. 

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 any 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=5ns. 

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 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 tRCR or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. tws, tWR are not restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If tws ~ tws(min.) and tWR ~ tWR 

(min.), the cycle is an early write cycle and data out pin Hill remain open 

circuit (high impedance) throughout the entire cycles. 

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 gleater than the 

specified tRAD(max.) limit, then access time is controlled exclusively by tAA. 

15. tAR is the condition to latch column address when RAS has rised up. 
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TH:JING WAVEFORfl1S 

READ CYCLE 

___ VIH 
WRITE 

VIL 

DOUT 

ROW ADDRESS 

\~ITE CYCLE (EARLY WRITE) 

AO-A9 

CS vIH 

vIL 

WRITE VIH 

VIL 

THM81002S/~85, 10, 12 

COLUMN ADDRESS 

tRAS 

tAWR 

tCLZ 

.cOLUMN 
ADDRESS 

tCAH 

tcs 

tCWL 

twp 

DATA 

OPEN 
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tcs 

"H" or "L" 



STATIC COLUMN MODE READ CYCLE 

RAS 
VIH 

VIL 

AO-A9 
VIH 

VIL 

CS 
VIH 
VIL 

WRITE VIH 

VIL 

DOUT 
VOH 

VOL tCLZ 

STATIC COLUHN MODE WRITE CYCLE (EARLY WRITE) 

VIH 
RAS 

vIL 

AO-A9 vIH 

vIL 

VIH 
WRITE 

VIL 

tDS tDH 

DIN 
VIH 

VIL 

DOUT 
VOH 

OPEN 
VOL 
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tsc 

COLUMN 
ADDRESS 

~: "H" or nL" 



THM81002S/~85, 10, 12 

]AS ONLY REFRESH CYCLE 

RAS 
vIR 

VIL 

C§ 
VIH 

VIL 

VIH 
AO~A8 

V1L 

VOH 
DOUT 

VOL 
OPEN 

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

CS BEFORE RAS REFRESH CYCLE 

t RC J 

:2.AS 
vIH 

vIL 

tRP 

I I tRAS J~ ~f\ 

tRPC -' 

tCPN 
tCSR tCHR 

CS 
vIH 

vIL 
~f- ~'i Y 

tOFF 

DOUT 
VOH ~ 

OPEN 
VOL ...., 

NOTE: WRITE="H" or "L", AO 'V A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

i' 
tpc tRC 

RAS 
VIH t RAS 

VIL 
tRSH 

tAR 

VIH 
CS 

VIL 

tRAL 

VIH 
AO~A9 

VIL 

WRITE VIH tCAC 

VIL tAt. 

"OH -
DOUT 

VOL -

HIDDEN REFRESH CYCLE (HRITE) 

AO~A9 

vIL -

WRITE 
VIH -

VIL -

VIH -
DIN 

VIL -

VOH -
DOUT OPEN 

VOL-

~ "H" or "L" 
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THM81002S/L-85, 10, 12 

CS BEFORE R:lrs REFRESH COUNTER TEST CYCLE 

READ CYCLE 

IJRITE CYCLE 

~ "HI! or ilL" 
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OUTLINE DRAlHNGS 

• THM81002S 

88.90±0.13 

75.95 MAX. 

DDDDDD 
0000000000000000000000000000 

2.54 

82.14 ± 0.13 

• THM81002L 

I 82.14 ± 0..3 I 

~ ~ DDDDDDDD 
2.54 II 0.5±0.1 

'73.66±0.3 
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Unit in mm 

rJ>3.18±0.05 

3.38 

+0.13 
1.27 -0.08 

5.08 MAX. 

5.08 MAX. 

I 

II 0.25±0.15 



lQIHIBAMOS MEMORY PRODUCTS 
THM81020L-85, 10, 12 

IDESCRIPTIONI 

The THM8l020L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC5ll000J both sides of the printed circuit board. 

The THM8l020L 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 8 bits organization 
• Fast access time 

THM8l020L-85 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 
t CAC CAS Access Time 25ns 
tRC Cycle Time l65ns 
tpc Fast Page Mode Cycle Time SOns 

• Single power supply of 5V±10% 
• Low power 3, 080mvJ MAX. Operating (THM8l020L-85) 

2,640mvJ MAX. Operating (THM8l020L-lO) 
2,200mW MAX. Operating (THM8l020L-12) 

44mW MAX. Standby 

THM8l020L-lO TID18l020L-12 
lOOns l20ns 

SOns 60ns 
25ns 30ns 

190ns 220ns 

55ns 70ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

jPIN CONNECTION I 
\lOC (1) 

0 
CAS (2) 

(TOP VIEW) IX)O (3) 
AO (4) 
Al (5) 

DQ1 (6) 
A2 (7) 
A3 (8) 

0 
'iSS (9) 
DQ2 (10) 
M(ll) 
A5 (12) 

DQ3(13) 
A6(14) 
A7(15) 

DQ4 (16) 

0 
AS (17) 
A9 (18) 

N.C. (19) 
DQ5(20) 
W (21) 

VSS(22) 
DQ6 (23) 
N.C. (24) 

0 IX)7 (25) 
N.C. (26) 
RAS (27) 
N.C. (28) 
N.C. (29) 
vee (30) 

I PIN NAt.1ESI 

AO 'V A9 Address Inputs 

DQO 'V DQ7 Data Input/Outputs 

CAS Column Address Strobe 

RAS Row Address Strobe 

vJ Read/Hrite Input 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 
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iBLOCK DIAGRAMI 

D~ 0 1 D ~J ~4 ~ 
1 D ~J 

r--1\ AO-A9 ~ AO-A9 r-.I 

-~ r- ~ RAS RAS 
I- f-c CAS - r-c CAS 
I- f-c WRITE - r--c WRITE 

f-u--, r-;I-

[ 
I-

~J r r-

~J 1 ~ r--D DQ.5 ~ t- D 
~ 

AO-A9 ~ 
AO-A9 

~ ~ RAS ~ ~ RAS 
- f-c CAS t- r-c CAS 
- r--c WRITE t- f--< WRITE 

i-H- HI-

D 
[ 

r-

Q.J r -Q2 " t-- D DQ6 v t- D "J "'" ~ A 0-1-.. 9 
LJ-, 

AO-A9 

~ ~ RAS ~ ~ ?AS 
f0- r-<: CAS 

I 
t- r--c CAS 

I- r-<: WRi1~ l- f---<: WRITE 

~I---< f-If-

[ 
l- f----

QJ r -

QJ :3 t-- D DQ'7 v t- D 

~ AO-A9 ~ AO-A9 

l- f-<: RAS I- ~ RAS 
l- f-<: CAS r- r-c CAS 
I- I-c WRITE r- f--< WRITE 

~.~ ~~ 

l 

~ 

I 
J 

~ 

0 
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THM81020L-8S. 10. 12 

ABSOLUTE MAXIMUM RATINGS 

ITEM S\'MBOL RATING UNITS NOTES 
Input Voltage VIN -1.01\,7.0 V 1 
Output Voltage VOUT -1.01\,7.0 V 1 
Power Supply Voltage VCC -1.01\,7.0 V 1 
Operating Temperature TOPR 01\,70 °c 1 
Storage Temperature TSTG -55 I\, 125 °c I 
Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 
Power Dissipation PD 4.S W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECOMr~ENDED DC OPERATING CONDITIONS (Ta=O I\, 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 CHARACTERI STICS (V CC=5V±lO%, Ta=O I\, 70°C) 

SYHBOL PARAMETER MIN. HAX. UNITS NOTES 
OPERATINC CURRENT THM8l020L-S5 - 560 

ICCl Average Power Supply Operating Current THH8l020L-10 - 4S0 rnA 3,4 
(P~S, CAS, Address Cycling: tRC=tRC MIN. ) THM8l020L-12 - 400 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 16 rnA 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT TID1Sl020L-85 - 560 

ICC3 Average Power Supply Current, RAS Only Mode TID18l020L-10 - 480 rnA 3 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THM8l020L-12 - 400 
FAST PAGE MODE CURRENT THM8l020L-S5 - 400 

ICC4 Average Power Supply Current, Fast Page Mode THMS1020L-10 - 320 rnA 3,4 
(RAS=VIL, CAS Address Cycling: tPC=tpc MIN.) THM8l020L-12 - 240 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 8 rnA 

(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THMSl020L-S5 - 560 

ICC6 Average Power Supply Current, CAS Before RAS THM8l020L-10 - 4S0 rnA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THM81020L-12 - 400 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -SO SO flA 

(OV ~ VIN ~ 6.5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -20 20 flA 
(DOUT is disabled, OV ~ VOUT;f! 5. 5V) 

VOH 
OUTPUT LEVEL 

2.4 V Output "H" Level Voltage (IOUT=-5mA) -
-

OUTPUT LEVEL 
VOL Output "L" Level Voltage (IOUT=4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O'V 70 D C) (Notes 5, 6, 7) 

THM81020L-85 THM81020L-10 THM81020L-12 
SYMBOL PARAMETER 

MIN. MAX. 
UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

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

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

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

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

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

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

tT Transition Time 
3 50 3 50 3 50 7 

(Rise and Fall) 
ns 

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

tRASP 
RAS Pulse vJidth 85 100,000 100 100,000 120 100,000 ns 
(Fast Page Mode) 

tRSH RAS Hold Time 25 - 25 - 30 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

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

tRAD 
RAS to 
Time 

Column Address Delay 20 40 20 50 20 60 ns 14 

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

tcp 
CAS Precharge Time 

10 10 15 
(Fast Page Mode) - - - ns 

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

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

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

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

tAR 
Column Address Hold Time 65 75 90 
referenced to RAS - - - ns 

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

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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THM8l020l-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

SYMBOL PARAMETER 
THM81020L-85 THM81020L-IO THM8l020L-12 

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 20 - 20 - 25 - ns 

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

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

tRWL 
Write Command to RAS Lead 

20 25 30 Time - - - ns 

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

Time 

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 

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

I 
tREF Refresh Period I - 8 - 8 - 8 illS 

twcs Write Command Set-Up Time I 0 0 0 12 I - - - ns 

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 

t CPT 
CAS Precharge Time (CAS be- 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (Vcc=5V±10%, f=U1Hz, Ta=O'V 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO 'V A9, W, CAS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO'V DQ7) - 15 pF 

- C-89 -



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. 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. 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 
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 cyc~e 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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EARLY WRITE CYCLE 

tRc 

tRAS 
tRP 

RAS 
v IH 

vIL 

tRCD tRSH 

tCSH 

VIH -
CAS 

VIL -

tCAH 

VIH 
AO~A9 

VIL 

tCVrL 

twp 

'vVR ITE 
VIH 

VIL 

tRWL 

tDH 

VIH 
DIN 

VIL 

OPEN 

1L22J: "H" or "L" 
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THM81020L-85,.10, 12 

FAST PAGE MODE READ CYCLE 

AO-A9 

DOUT 

"H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIR -

VIL -

OPEN 

EZ2d: "H" or "L" 
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RAS ONLY REFRESH CYCLE 

CAS 

DOUT 

tRP 

VIR _----:L f--_________ t_R_A_S _________ ---+ 

VIL-

VIR-----~--~------------------------------------------------~~----~-------

VIL-

VOR­

VOL-
OPEN 

~: "H" or "L" 

Note: HRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

VIH­

vIL-----' 

VOH - ------...",... 

vOL - ------4"" 
OPEN 

~: "H" or "L" 

Note: WRITE="H" or "L", AO'\., A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

tRAS tRP tRAS 

VIH -
RAS 

VIL -

tRCD tRSH tCHR 

VIH -
CAS 

VIL -

tRAD tRAL 

tAR 

VIH 
AO~A9 

VIL 

VOH -
DOUT ---------------------r-U 

VOL -

tCLZ 

l?22Ll: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

DOUT OPEN 

~: "H" or ilL" 



THM8l010l-85, 10, 12 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRAS 

vIH - tRSH 
RAS 

VIL-

VIH -
CAS 

VIL-

VIH -
AO~A9 

VIL -

READ CYCLE 

r DOUT 
VOH -

vOL -

l~ITE v IH -

VIL -

WRITE CYCLE 

vOH 
DOUT OPEN 

VOL -

tRWL 

tCWL 

twcs tWCH 

VIH twp 
WRITE 

VIL 

tDS tDH 

lDIN 
VIH 

VALID DATA 
VIL 

~: "H" or "L" 
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OUTLINE DRAWINGS 

• THM81020L 

Unit in mID 

THE FRONT SIDE 

I_ 82H±U13 I .27±U15 

'II" 

~~ ] ~ 
l.i.z·54 

.11.U5±Ul .1 
._ '73.66+0.13 _. 

THE BACK SIDE 
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THM81 021 L-85, 10, 12 
!DESCRIPTION! 

The THM8l021L is a 1,048,576 'tyords by 8 bits dynamic RAH module which assembled 
8 pcs of TC5ll001J on both sides of the printed circuit board. 

The THM8l021L is optimized for application.to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

!FEATURES! 

• 1,048,576 words by 8 bits organization 
• Fast access time 

THM8l021L-85 THM8l021L-10 THM8l021L-12 
tRAC RAS Access Time 
tAA Column Address Access Time 
t CAC CAS Access Time 
tRC Cycle Time 
tNCAC Nibble Mode Access Time 
t NC Nibble Mode Cycle Time 

• Single pOlyer supply of 5V+IO% 
• Lm.] pOI.]er 

3,080m\·! :'lAX. Operating (Ti-'2-181021l-85) 
2,649m\·J :·1A.,'{. Operating (TllH81021L-10) 
2, 20Om~J ~lAX. Operating (T1--;:'181021L-12) 

44mi·J MP-X. Standby 

IPIN COnr'!ECTIONI 

(TOP VIB.J) VCC (1) 
CAS (2) 

~g ~~5 
Al (5) 

DQl (6) 

!; ~~5 
VSS (9) 
DQ2 (10) 

A4 (11) 
A5 (12) 

DQ3 (13) 
A6 (14) 
A7 (15) 

DQ4 (16) 
A8 (17) 
A9 (18) 

N.C. (19) 
DQ5 (al) 

W (21) 
VSS (22) 
006 (23) 
N.C. (24) 
007 (25) 
N.C. (26) 
RAS(27) 
N.C. (28) 
N.C. (29) 
VCC (30) 

o 
o 
o 
o 

85ns lOOns l20ns 
45ns SOns 60ns 
30ns 35ns 40ns 

165ns 190ns 220ns 
20ns 20ns 25ns 
40ns 40ns SOns 

• CAS before RAS refresh, p~s Only refresh, 
Hidden refresh, and Nibble ~lode 
capability 

· All inputs and outputs TTL compatible 
• 512 refresh cycles/Sros 
• 12.64mrn MA.,'{. Package Height 

! PIN NAt·' E S I 

AO '\.. A9 Address Inputs 

DQO'\.. DQ7 Data Input/Outputs 

CAS Column Address Strobe 

RAS Row Address Strobe 

H Read/Write Input 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 
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,J r i-
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~ ~ R.t,.S 
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I 
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T"M81021L·85,10~· 12 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 
Input Voltage VIN -I'\, 7.0 V 1 
Output Voltage VOUT -1 '\, 7.0 V 1 
Power Supply Voltage VCC -l'\, 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 5.4 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcm·1r'~ENDED DC OPERATING CONDITIONS (Ta=O'\, 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
VCC Supply Voltage 4.5 5.0 5.5 V 2 
VIR Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - O.S V 2 

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

SYMBOL PARAMETER HIN. HAX.UNITS NOTES 
OPERATING CURRENT 

ICCI Average Power Supply Operating Current 
eRAS, CAS, Address Cycling: tRC=tRC MIN.) 
STANDBY CURRENT 

ICC2 Power Supply Standby Current 
(RAS=CAS=VIR) 
RAS ON'L Y REFRESH CURRENT 
Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 
NIBBLE MODE CURRENT 
Average Power Supply Current, Nibble Mode 
(RAS=VIL, CAS Cycling: tNC=tNC MIN.) 
STANDBY CURRENT 

ICCS Power Supply Standby Current 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT 

THM8102lL-85 - 560 
THM8l02lL-lO - 480 rnA 3,4 
r-----------r---r-~ 

THM8l021L-12 400 

16 rnA 

THM8l02lL-8S - 560 
THM8l02lL-10 - 480 rnA 
~----------~--r-~ 

THM8l02lL-12 - 400 
THMSl02lL-85 - 400 
THM8l02lL-10 - 320 rnA 
~----------~--~~ 

THM8l02lL-12 - 240 

S rnA 

THM81021L-85 - 560 

3 

3, 4 

ICC6 Average Power Supply Current, CAS Before RAS THM81021L-10 - 4S0 rnA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THMSI02lL-12 - 400 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 so 
(OV ~ V IN ~ 6. 5V, All Other Pins not under Test=OV) 

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

-20 20 

Von OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-SrnA) 2.4 V 

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) 

THM81021L-85 THM8102IL-IO THM8102IL-12 
SYMBOL PARAHETER UNIT NOTES 

HIN. MAX. MIN. MAX. HIN. MAX. 

tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
tNC Nibble Mode Cycle Time 40 - 40 - 50 - ns 
tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
tCAC Access Time from CAS - 30 - 35 - 40 ns 8,13 
tAA Access Time from Column Address - 45 - 50 - 60 ns 8,14 
t NCAC Nibble Mode Access Time - 20 - 20 - 25 ns 8 
tCLZ CAS to Output in Low-Z 5 - 5 - 5 - ns 8 

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 
t RAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 
t RSH RAS Hold Time 30 - 35 - 40 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 
I 

tCAS CAS Pulse \.Jidth 30 10,000 35 10,000 40 10,000 ns 
t RCD RAS to CAS Delay Time 25 55 25 65 25 80 ns 13 

tRAD RAS to Column Address Delay Time 20 40 20 50 20 60 ns 14 
t CRP CAS to RAS Precharge Time 10 - 10 - 10 - ns 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

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

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

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

tAR 
Column Address Hold Time 

65 75 90 
referenced to RAS - - - ns 

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

t RCS Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH 
Read Command Hold Time 0 0 0 10 
referenced to CAS 

- - - ns 

tRRH 
Read Command Hold Time 0 0 - 0 - 10 

RAS 
- ns 

ref erenced to 

tWCH ~~rite Command Hold Time 20 - 20 - 25 - ns 

tWCR 
Write Command Hold Time 

65 75 90 
referenced to RAS - - - ns 
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ELECTRICAL CHARACTERISTICS AND RECm·'tvlENDED AC OPERATING CONDITIONS (Continued) 

TIlMB 10211-85 THMB l021L-l 0 THM81021L-12 
SYMBOL PARAMETER UNITS NOTES 

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

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

tRWL Write Command to RAS Lead Time 20 - 25 - 30 - ns 

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

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDR Data- In Hold Time 20 - 20 - 25 - ns 11 

tDP.R 
Data-In Hold Time referenced 65 75 90 
to RAS 

- - - ns 

tREF Refresh Period - 8 - 8 - 8 IDS 

twcs '~ri t e Command Set-Up Time 0 - 0 - 0 - ns 

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

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

tRPC RAS Precharge to CAS Active 
Tir::e 0 - 0 - 0 - ns 

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

tNCAS Nibble Hade Pulse Width 20 - 20 - 25 - ns 
tNCP Nibble Mode CAS Precharge Time 10 - 10 - 15 - ns 

tNRSH Nibble Mode RAS Hold Time 20 - 20 - 25 - ns 
Nibble Mode WRITE Command to 20 20 25 tNRWL - - - ns 
RAS Lead Time 

Nibble Mode WRITE Command to 
20 20 25 t NCWL CAS Lead Time - - - ns 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=O'" 70°C) 

SYMBOL PAIW1ETER MIN. MAX. UNIT 

Cll Input Capacitance (AO '" A9, W, CAS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO'" DQ7) - 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 voltage are referenced to Vss. 

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

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

output open. 

5. An initial pause of 200~s is required after power-up followed by 8 RAS cycles 

before proper device operation is achieved. In case of using internal refresh 

counter, a minimum of 8 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 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 t CAC . 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: If tRAD is greater than 

the specified tRAD(max.) limit, then access time is controlled by tAA' 
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READ CYCLE 

\IL 

WRITE 

DOUT VALID DATA 

~ "H" or "L" 

-C-107-



EARLY hTRITE CYCLE 

tRC 

tRAs 
tRP 

HAS 
VIH 

VIL 

tRCD tCAS 

tCSH 

VIH 
CAS 

VIL 

AO-A9 

\VRITE 
VIH 

VIL 

tDH 

VIH 
DIK DATA 

VIL 

DOUT OPEN 

~ "H" or "L" 
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lHM81 021 L-85, 10, 12 

NIBBLE MODE READ CYCLt 

CAS 
VIH 

VIL 

AO-A9 
VIH 

VIL 

DOUT 
VIH -

VIL -

WRITE 
VIH 

'lIL 

NIBBLE !'lODE hlRITE CYCLE (EARLY h'RITE) 

CAS 
'lIH 

VIL 

AO-A9 
VIH -

VIL -

VI1UTE 
VIH 

VIL 

DIN 
VIH 

VIL 

VOH -
tDHR 

DOUT OPEN 
VOL -

~: "H" or ilL" 
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RAS ONLY REFRESH CYCLE 

VIH 
CAS 

VIL 

tASR tRAH 

AO~A8 
VIH 

"lL 

VOH -

DOUT ------------------------------
VOL -

OPEN 

~ "H" or "L" 

NOTE: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

DoeT 

VIH­

VIL-----/ 

VOH­

VOL---------Jf"" 

THM81021~85, 10, 12 

tRP 

OPEl\" 

~: "H" or "L" 

NOTE: \\1RITE="H" or "L", AO'VA9="H" or ilL" 
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HIDDEN REFRESH CYCLE (READ) 

tHC 

tRP 

tRAS tRAS VIH -
RAS 

VIL -

tRCD tCHR 

VIH -
tRSH 

CAS 
VIL -

tRAD tRSH 

tAR 

tASR tRAH tAsc tCAH 

VIII -
.\CJ~,\9 

IlL -

WRITE VIH­

V IL - -'-.t....I..~'_'_.t....I..~'_'_1.J 

VOH -
DOUT ----------------------+-~) 

VOL -

~: "H" or "L" 

-- C-112--
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HIDDEN REFRESH CYCLE (WRITE) 

tRC 

VIH tRAS tRAS 
RA..S 

VIL 

tRCD 
tCHR 

VIH 
CAS 

VIL 

tAR 

tRAD tRAL 

tARS tRAH tAsc tCAH 

;\O~:\9 
VIH 

VIL 

tRAD 

Dour OPEN 

m "H" or "L" 
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CAS BEFORE [AS REFRESH COUNTER TEST CYCLE 

RAS 
Vm 

VIL 

CAS 
Vm 

VIL 

READ CYCLE 

r DOCT 

VOH 

i_ 
i WHITE 

l 
"I-JRITE CYCLE 

[Dom 

I 

i __ 
I WRITE 
I 

lDIN 
VIH 

tCHR 

OPEN 
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tCAS 

I tCAC 

VALID 

.. i tCLZ 

OPEj\; 

~: "H" or ilL" 

DATA 

! ~ 
itHCH I 

j \ • 
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T8M81021L-86, 10~1'2 

OUTLINE DRAWINGS 

. THH81021L 

Unit in mm 

THE FRONT SIDE 

1_ 82.l4±OH 

~
'89MAX. 

THE BACK SIDE 
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JiSH I BA MOSMEMORYP,R O.D·UCTS 
THM81022L-85, 10, 12 

I OESCRI PTION I 

The THM81022 is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC51l002J on both sides of the printed circuit board. 

The THM81022 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 8 bits organization 
• Fast access time 

tRAC RAS Access Time 
tAA Column Address Access Time 

tCAC CS Access Time 
tRC Cycle Time 
tsc Static Column Mode Cycle Time 

• Single pm.;rer supply of 5V±10% 
• Lm.] pO\.Jer 

3,08Om\~ NAX. Operating(THM81022L-85) 
2, 64Om\~ MAX. Operating (Tffi181022L-IO) 
2,200mW HAX. Operating(THM8l022L-12) 

44ml·J MAX. Standby 

I P IN CONNECTIONI 

(TOP VIEH) ~C a5 
DQO (3) 

AO (4) 
Al (5) 

DQl (6) 
A2 (7) 
A3 (8) 

VSS (9) 
DQ2 (10) 

A4 (11) 
AS (12) 

DQ3 (13) 
A6 (14) 
A7 (15) 

DQ4 (16) 
A8 (17) 
A9 (18) 

N.C.(19) 
DQ5 (20) 
W (21) 

VSS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
N.C.(26) 
RAS(27) 
N.C.(28) 
N.C.(29) 
VCC (30) 

o 
o 
o 
o 

THM81022L-85 THM8l022L-10 THM81022L-12 

85ns lOOns l20ns 

45ns SOns 60ns 

25ns 25ns 30ns 
165n5 190n5 220n5 

SOns 55n5 65ns 

• CS before RAS refresh, RAS only refresh, 
Hidden refresh, and Static Column ~ode 
capabili ty. 

· All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• l2.64rnrn MAX. Package Height 

\PIN NM·1ESI 

AO 'V A9 Address Inputs 

DQO 'V DQ7 Data Input/Outputs 

CS Chip Select Inpct 

RAS Row Address Strobe 

W Read/Write Input 

Vec Power (+5V) 

VSS Ground 

N.C. No Connection 
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AO-A9 

Vee 
Vss 

DQ.O 1 1"'\ -

D~ 1 ~ t 

[ 
2 .... -D~ 

3t"\ 
[ 

L 

n. 

t"\ 

t"\ 

'"' 

~J 1 ~J D DQ.4. D r--l\ ~ rv AO-A9 rv AO-A9 

:- -< :rtAS -- --< BAS - iC ~ -- rc <m 
r-I-:- I-< WRITE r r- r-< W'.RIn" 

r;1- Mr 
~J DO.5 ~ I 

I-

~J t-- D r-- D w,. 
AO-A9 ~ 

AO-A9 ~ rv ,... 11AS -< ~ 
r- f-< es -- ~ cs 
:- -<: WRITE I- ~ W'RTTE' 

~--H- t---n-
r-

~J m.6~ I' 
r-

c.J 
86 

D r-- D 

II ';'O-A9 ~ 
AO-A9 r' :_".5 

J.J r ?AS 
cs --< cs 

r- I-< VI?ITE 1' .. .1, .... ;--< W?ITE 

Hl- r-H-r-

~J I 
:-

~J t--D DQ.7 '"' r-- D w., 
AO-A9 ~ 

AO-A9 r' rv p- I-< RAS ~ r--< BAS 
r- I-< ~ l- i-< CS' 
:- r--< ~ ... - ~ WRITE 

r1 r-H .... 

1 
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THMBI 022L·85,18~12 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 rv 7 V 1 
Output Voltage VOUT -1 rv 7 V 1 
Power Supply Voltage VCC -1 rv 7 V 1 
Operating Temperature TOPR o rv 70 °c 1 
Storage Temperature TSTG -55 rv 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 

RECm1t·1ENDED- DC OPERATING CONDITIONS (Ta=Orv 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 - 0.8 V 2 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 
OPERATING CURRENT THl\181022L-85 - 560 

ICCI Average Power Supply Operating Current THl\181022L-lO - 480 rnA 3,4 
(RAS, CS, Address Cycling: tRC=tRC MIN.) THM81022L-12 - 400 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 16 rnA 

(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT THM81022L-85 - 560 

-

ICC3 Average Power Supply Current, RAS Only Mode THM81022L-l0 - 480 rnA 3 
(RAS Cycling, CS=VIH: tRC=tRC MIN. ) THM81022L-12 - 400 
STATIC COLUMN MODE CURRENT THM81022L-85 - 400 

ICC4 Average Power Supply Current, Static Column Mode 
THM81022L-IO - 320 rnA 3,4 

(RAS=CS=VIH, Address Cycleing: t SC=t SC MIN.) THM81022L-12 - 240 
STANDBY CURRENT 

ICCS Power Supply Standby Current - 8 rnA 
(RAS=CS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM81022L-85 - 560 
ICC6 Average Power Supply Current, CS Before RAS Mode THM81022L-IO - 480 rnA 3 

(RAS, CS Cycling: tRC=tRC MIN.) THM81 022L-l2 - 400 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 80 ~A 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 ~A (DOUT is disabled, OV ~ VOUT;;; 5. 5V) 

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

VOL 
OUTPUT LEVEL 

0.1+ V Output "L" Level Voltage (IOUT=4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V cc=5V±10%, Ta=O'V 70°C) (Notes 5, 6, 7) 

THM81022L-85 THM81022L-10 THM81022L-12 
SYMBOL PARAMETER UNIT NOTES 

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

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

tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

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

tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 

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

tCLZ cs to Output in Low-Z 5 - 5 - 5 - ns 8 
tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

tAOH Output Data Hold Time from 5 - 5 - 5 - ns 
Column Address 

tow 
Output Data Enable Time from 
WRITE 

- 30 - 30 - 35 ns 

tWOH Output Data Hold Time from 
0 0 0 

loJRITE - - - ns 

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

--
tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

tRASC 
RAS Pulse Hidth 85 100,000 (Static Column Mode) 

100 100,000 120 100,000 ns 

tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 
tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tcsc 
CS Pulse Width 25 100,000 25 100,000 30 100,000 
(Static Column Mode) 

ns 

tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 
tRAD RAS to Column Address Delay Time 20 40 20 50 20 60 ns 14 
tCRP CS to RAS Precharge Time 10 - 10 - 10 - ns 

tcp 
CS Precharge Time 

10 - 10 - 15 - ns (Static Column Mode) 

tASR Row Address Set-Up Time 0 - 0 - 0 - ns 
tRAH Row Address Hold Time 15 - 15 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - 0 - ns 
tCAH Column Address Hold Time 20 - 20 - 20 - ns 

tAWR 
Write Address Hold Time 

65 75 90 referenced to RAS - - - ns 

tAR 
Column Address Hold Time 

100 115 140 referenced to RAS - - - ns 

tRAL Column Address to RAS Lead Time 45 - 50 - 60 - ns 
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THM81 022L -85, 10,12 

ELECTRICAL CHARACTERISTICS AND RECor'1~~ENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL Pf.RAMETER THM81022L-85 THM81022L-10 THH81022L-12 UNITS NOTES 
HIN. HAX. MIN. MAX. MIN. MAX. 

tAH 
Column Address Hold Time 

10 10 15 16 
to RAS Rise - - - ns 

referenced 
tCWL Write Command to CS Lead Time 20 - 25 - 30 - ns 

tRCS 
Read Command Set-Up Time 0 - 0 - 0 - ns 
referenced to CS 

tRCH 
Read Command Hold Time 

0 0 0 10 
referenced to CS - - - ns 

tRRH 
Read Command Hold Time 

0 0 0 10 
referenced to RAS - - - ns 

Write Command Hold Time 
tWH 0 - 0 

(Output Data Disable) - 0 - ns 12 

Write Command Hold Time 
65 75 90 t WCR RAS - - - ns 

ref erenced to 

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

t~'JI Write Command Inactive Time 10 - 10 - 15 - ns 

tRhTL i\-:rite Command to RAS Lead Time 20 - 25 - 30 - ns 

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

tDHR 
Data-In Hold Time referenced 

65 75 90 
to RAS - - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 
Write Command Set-Up Time 

0 0 0 12 tws (Output Data Disable) - - - 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 - - - ns 

Time 

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

tCPN CS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (VCC=5V±10%, f=U1Hz, Ta=O'" 70 0 C) 
SYHBOL P~tETER MIN. MAX. UNIT 

Cl1 Input Capacitance (AO '" A9, \01, CS, RAS) - 60 pF 

CDQ I/O Capacitance (DQO '" DQ7) - 15 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cuase 

permanent damage to the device. 

2. All voltage are referenced to VSS. 

3. ICCl, ICC3' ICC4, ICC6 depend on cycle rate. 

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

output open. 

5. An initial pause of 200~s is required after power-up followed by any 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=5ns. 

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 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 tRCR or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. tHS, tWH are not restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If tws ~ tws (min.) and tWH ~ tWH 

(min.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) throughout the entire cycles. 

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 t CAC . 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be ment. 

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 t AA . 

15. tAR is the condition to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 
READ CYCLE 

AO-A9 VIH 
VIL 

CS 
VIH 

VIL 

WRITE 
VIH 

VIL 

VOH 
DOlJT 

VOL 

ROW ADDRESS 

HRITE CYCLE (EARLY loJRITE) 

tRAS 

tRCS 

tAA 

tRC 
tRP 

tRAL 

COLUMN ADDRESS 

tAR 

tRSH 

tcs 

tCAC 

tCLZ 

tRC --------------------------------------

AO-A9 VIH 

vIL 

CS 
VIH 

VIL 

WRITE VIH 

VIL 

DIN 
VIH 

VIL 

DOUT 
VOH 

VOL 

tAWR 

COLUMN 
ADDRESS 

tCAH 

tcs 

tc\\L 

VALID DATA 

OPEN 
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STATIC COLUMN MODE READ CYCLE 

HAS VIH 
VI1 

CS VIH 
VI1 

WRITE VIH 

VIL 

DOUT 
VOH 

VOL tCLZ 

STATIC COLUHN HODE HRITE CYCLE (EARLY HRITE) 

HAS vIH 

vIL 

AO~A9 
VIH 

vIL 

CS vIH 
vIL 

VV1UTE 
VIH 

vIL 

VIH 
DIN 

VIL 

DOUT 
VOH 

OPEN 
VOL 
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ADDRESS 
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THM8l022l-15, 18,12 

RAS ONLY REFRESH CYCLE 

RAS 
VIH tRAS 

VIL 
tCRP 

CS 
VIH 

VIL 

AD-A8 
VIH 

VIL 

DOUT 
VOH 

VOL 
OPEN 

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

CS BEFORE RAS REFRESH CYCLE 

RC 

tRP 

RAS VIH 

V1L 

tRAS 
j( ~ tRPC 1\ 

CS 
vIH 

vIL 

tCPN 
tCHR L tCSR I 

/ \l -y 
t(FF 
r--

DoUT 
VOH 

VOL 
OPEN / 

NOTE: WRITE="H" or "L", AO'V A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

HAS 
vIH 

VIL 
tRSH 
tAR 

CS VIH 

VIL 

tHAL 

AO-A9 
VIH 

VIL 

Vv'RITE 
VIH 

tCAC 
VlL tAA 

DOl'T 
VOH 

VOL 

HIDDEN REFRESH CYCLE (WRITE) 

tRC 

HAS 
VIH 

VIL 

CS VIH 

VIL 

AO-A9 
VIH 

VIL 

'v'RITE 
VIH 

VIL 

Dn~ 
VIH 

VlL 

DOUT VOH OPEN 
VOL 

~ "H" or "L" 

-C-126 -



CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

I ~UT 
l'VRITE 

~\1RITE CYCLE 

AO-A9 

DoUT 

VIR _----.L 

vlL -

VIR -

vIL -

vIR -

VlL -

VOH -

VOL -

vm -

VIL -

VOH -

vOL -

tRCS I 

tASC tCAH 
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tCRP 

tcs 

COLUMl\I ADDRESS 

I tOFF 

Ib 
i! ItHCHFW~ 

I 

~: "H" or "L" 



OUTLINE DRA!..JINGS 

• THH81022L 

Unit in rom 

THE FRONT SIDE 

8 2J4± 0.1 3 1

88 9 

~ "I I I 127~015 n ~ .. 
I I 2.54 II 0.5:::0.05 I 

-1.1 ,I . _ i 3.6 6:c:: 0.1 3 

THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 
THM91000S/~85, 10, 12 

lOESCRI PTIONi 

The THM9l000S/L is a 1,048,576 words by 9 bits dynamic RAM module w'hich assembled 
9 pcs of TC5ll000J on the printed circuit board. 

The THM9l000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

iFEATURESI 

• 1,048,576 words by 9 bits organization 
• Fast access time 

THH9l000S/L-85 THM9l000S/L-10 THH9l000S/L-12 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 
t CAC CAS Access Time 25ns 
tRC Cycle Time l65ns 
tpc Fast Page Hade Cycle Time SOns 

• Single power supply of 5V±10% 
• Lo,,] power 3,465mH MAX. Operating (THH91000S/L-85) 

2,970mW NAX. Operating (THN91000S/L-IO) 
2,475mW MAX. Operating (THN91000S/L-12) 

49.5mW HAX. Standby 

lOOns l20ns 
SOns 60ns 
25ns 30ns 

190ns 220ns 
55ns 70ns 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page :-Iode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

iPIN CONNECTIONI 

(TOP VIm.;) VCC 1 
CAS 2 
DQ,O 3 
AO 4 
Al 5 
DQ,l 6 
A2 7 
A3 8 
VSS 9 
DQ,2 10 
A4 11 
A5 12 
DQ,3 13 
A6 14 
A7 15 
DQ,4 16 
AB 17 
A9 18 
N.C. 19 
lLQ,5 20 
W 21 
vss 22 
DQ,6 23 
N.C. 24 
DQ,7 25 
lliL 26 
RAS 27 
CAS8 28 
DB 29 
VCC 30 

0 
~I I 
~I I 
~I I 
gl I c 

~I I 
'gl I c 

~I I 
HI I 

0 

IPIN NAt~ESI 
AO'VA9 

DQO 'V JQ7 

D8 

Q8 

CAS 

RAS 

VJ 

CAS8 

VCC 

VSS 

N.C. 
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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 



DQ,O 

DQ,l 

DQ,2 

DQ,3 

AO-A9 

RAS 

CAS 

CASS 

WRITE 

~ 

~ 

~ 

~ 1 

- r 
'-' 

~ r 
v 

~ f 

..... 
r-f--

r-I-f-

f-r-r-

~ 

~-
~I-I-

I-I-f-

~ 

1>-1-

1-1-1-

-I-f-

~ 

r-r-

,.....1-1-

r---1'-D 

rv AO-A9 

r-< RAS 

f--< CAS 

f-<: WRITE 

f--H-

-D 

~ 
AO-A9 

~ RAS 

~ CAS 

f-c WRITE 

H~-

I-- D 
~ 

AO-A9 rV 
rc RAS 

f--c CAS 

f--<: WRITE 

H~~ 

~ D 

Ii" AO-A9 

~ RAS 

-< CAS 

I-< WRITE 

11 

~LJ IX<' ~ I D ~J 
~ 

rv AO-A9 

..... k RAS 

r-I- f-< CAS 

..... 1-1- k WRITE 

HI-

~J r - ~J DQ,5 
~ - D ..., 

~ AO-A9 

k R:im 
'- ~ CAS 

~I- f-<: WRITE 

H~ 

~LJ r 1-1-

~LJ DQ,6 
~ f--v D 

~ AO-A9 

f--<: RAS 
~ f--< CAS 

1-1- f-< WRITE 

H~ 

~J IX< 7 ~ r f--

~J - D 
~ 

G 
AO-A9 

..... RAS 

..... r- -c CAS 

f--I- -c WRITE 

r---H-

D8 

LS D Q, f--o 
AO-A9 

Q,8 

L.............. RAS 

CAS 

WRITE 

f---n-
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THM91000S/~85, 10, 12 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYHBOL RATING UNITS NOTES 

Input Voltage VIN -1.0'V7.0 V 1 

Output Voltage VOUT -1.0 'V 7.0 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 °c 1 

Soldering Temperature. Time TSOLDER 260 • 10 °c • sec 1 

Power Dissipation PD 5.4 H 1 

Short Circuit Output Current lOUT 50 rnA 1 

REcm·1r~ENDED DC OPERATING CONDITIONS (Ta=O 'V 70°C) 
SYHBOL PARAHETER 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 ELECTRI CAL CHARACTERISTI CS (V Cc=5V±10%, Ta=O 'V 70°C) 
SYlfBOL PARMIETER ~In:. l'IAX. VKITS NOTES 

OPEf-ATING CURRENT ~I~,~9~OCDS/ ~-3':: - 630 I 
lCC1 Average POHer Supply Operating Current T:ll,:210CiOS/L-1Ci - SLfO rnA I 

1 4 -, 
(P-AS, CAS, Address Cycling: tRC=tRC HIN. ) Ti-liv:910GJ S/L- is - 450 I 
STANDBY CURRENT 

ICC2 Pmver Supply Standby Current - 18 rnA 

(RAS=CAS=VIH) 
RAS ONLY REFRESH CURRENT THM91000S/L- 85 - 630 

ICC3 Average POHer Supply Current, RAS Only Hode ':HM91000S/L-IO - 540 rnA 3 
eRAS Cycling, CAS=VIH: tRC=tRC UIN.) THM91000S/L-12 - 450 
FAST PAGE MODE CURRENT THM91000S/L- 85 - L:50 ,0-

ICC4 Average Power Supply Current, Fast Page Hode THM91000S/L-IO - 360 rnA 3, 4 
(RAS=VIL, CAS Address Cycling: tpC=tpc HIl\.) THM91000S/L-12 - L70 
STANDBY CURRENT 

ICCS Power Supply Standby Current - 9 rnA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM91000S/L- 35 - 630 

1CC6 Average Po\Ver Supply Current, CAS Before RAS THM91000S/L-IO - 5LI 0 rnA 3 
Mode (RAS, CAS Cycling: tRC=tRC MIN.) THM91000S/L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 ).lA 
(OV ;; VIN ;; 6. 5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT -20 20 ).lA 
(DOUT is disabled, OV ~ VOUT ~ 5.5V) 

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) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

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

SYMBOL PARAMETER 
THM91000S/L-85 THM91000S/L-IO THM91000S/L-12 
~--~------~--~------r---~----~UNITNOTES 

tCPA 

tCLZ 

tOFF 

Random Read or Hrite Cycle 
Time 

Fast Page Mode Cycle Time 

Access Time from RAS 

Access Time from CAS 

Access Time from Column 
Address 

Access Time from CAS 
Precharge 

CAS to Output in Low-Z 

Output Buffer Turn-off Delay 

MIN. MAX. MIN. MAX. 

165 190 

50 55 

85 100 

25 25 

45 50 

45 50 

5 5 

o 30 o 30 

MIN. MAX. 

220 ns 

70 ns 

120 ns 8,13 

30 ns 8,13 

60 ns 8,14 

65 ns 8 

5 ns 8 

o 30 ns 9 

Transition Time 
tT 3 50 3 50 3 50 I ns 7 

1-
__ --+_<_R_i_se_a_n_d_F._a_1_1_) __________ --.J_L __ 7.~+__ __ -===::===:~·=~~~~~+-----9~---t1--_-_-_-_-_ -__ -++--:_ -_ -:----------1

1 
tRP RAS Precharge Time ~.. - 80 - - i ns 

t RAS RAS Pulse Hidth 85 10,000 100 10,000 120 10,000 ns 
~---+_-----------------------+----_+--~------_t---+__-----~-+_-~ 

85 100,000 100 100,000 120 DS 100,000 
RAS Pulse h7idth t RASP (Fast Page Mode) 

tRSH RAS Hold Time 25 - 25 - 30 ns 
~---+--------------------+--~---~-~-----~-~-----+-~---~ 

tCSH CAS Hold Time 85 - 100 - 120 

t CAS CAS Pulse Width 25 10,000 25 10,000 30 

tRCD RAS to CAS Delay Time 25 60 25 75 25 

tCRP 

tCAH 

RAS to Column Address Delay 
Time 

CAS to RAS Precharge Time 

CAS Precharge Time 
(Fast Page Mode) 

Row Address Set-Up Time 

Row Address Hold Time 

Column Address Set-Up Time 

Column Address Hold Time 

Column Address Hold Time 
referenced to RAS 
Column Address to RAS Lead 
Time 

Read Command Set-Up Time 

20 40 

10 

10 

o 
15 

o 
20 

65 

45 

o 
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20 50 20 

10 10 

10 15 

o o 
15 15 

o o 
20 25 

75 90 

50 60 

o o 

- ns 

10,000 ns 

90 ns 13 

60 ns 14 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



THM91000S/L-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

T HM91000 S/L-85 THM91000S/L-1O THM91000S/L-12 
SYMBOL PARAMETER 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 10 referenced to RAS - - - ns 

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

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

twp Write Command Pulse \"Jidth 20 - 20 - 25 - ns 
t----

t RWL 
Write Command to RAS Lead 20 25 30 - - - ns 
Time 

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

t DS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 

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

I 

tREF Refresh Period - 8 - 8 -
i 8 ms 

tlVCS I Ivri te Command Set-Up Time 0 - 0 - 0 
I - ns 12 

tCSR 
CAS Set-Up Time 

10 10 10 I (CAS before RAS Cycle) 
- - - ns 

I 

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

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

----

t CPT 
CAS Precharge Time (CAS be- 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

SYt:1BOL PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO rv A9, \"J, CAS, RAS) - 60 pF 

CI2 Input Capacitance (D8, CAS8) - 7 pF 
CDQ I/O Capacitance (DQO rv DQ7) - 15 pF 

CQ Output Capacitance (Q8) - 10 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. 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. 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 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 tRRR must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tHCS 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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THM91000S/L-85, 10, 12 

READ CYCLE 

tRc 
-----

tRP 

VIH 
tRAS 

RAS 
VIL 

tasH 

tRCD 

VIH 
CAS 

VIL 

tCAH 

AO-Ag 
VIH 

VIL 

VIH 
WRITE tCAC 

VIL 

L tOFF 

t 

DOUT 
VOH 

VALID DATA 
VOL 

~ "H n or "L n 
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EARLY ~.JRITE CYCLE 

tCSH 

DOUT 
VOH -- ____________________________________ _ 

OPEN 
vOL -

~ : "H" or "L" 

-- C-136--



THM91000S/L-85, 10, 12 

FAST PAGE HODE READ CYCLE 

t RAsP tRP 

VIH 
RAS 

VIL 

tcsH tpc tRsH 

tCRP tRCD tCAS tCRP 

VIH 
CAS 

VIL 

tAR 

VIH 
AO-Ag 

VIL 

tRCS 

WRITE VIH 

VIL 

LJ 
DOUT 

VOH 

VOL 

~: DH n or "L" 
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N&'!:':C, 

FAST PAGE MODE HRITE CYCLE (EARLY ~VRITE) 

VIH 

WRITE VIH 

VIL 

DOUT OPEN 

~: "H" or "L" 
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lHM91 OOOS/L-B5,1 0, 12 

RAS ONLY REFRESH CYCLE 

VIH 
CAS 

vIL 

tASR tRAH 

VIH 
AO-Ag 

VIL 

DOUT ------------------------------ OPEN 

lm : "H" or 'L' 

Note: HRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

tRP 

tCHR 

OPEN 

~ :"H" or "L" 

Note: HRITE="H" or "L", AO '\, A9="H" or "L" 
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THM91000S/L-S5, 10,12 

HIDDEN REFRESH CYCLE (READ) 

tRC 

tEAS tRP t RAS 

VIH 
RAS 

VIL 

tCRP tRCD tRSH tCHR 

VIH 
CAS 

VIL 

~OFF 
DOUT VALID DATA 

~ "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

WRITE VIH 

VIL 

VOH­

VOL-

tCHR 

OPEN 

lm : "H" or "L" 
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THM91000S/L~85, lO,12 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

OPEN 

HRITE CYCLE 

DOUT OPEN 
tRWL 

tCWL 

twcs tWCH 

VIH twp 
WRITE 

VIL 
I 
1 

I 
tDS tDH 

lDIN 
VIH 

V1L 
'!ALID DATA 

"H" or "L" 
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OUTLINE DRAWINGS 

. THM91000S Unit in mm 

S8. 90±Q13 

79.62MAX. 

93.1S ±Q05 

DDDDDDD -#-¥+4----r t') 

0000000000000000000000000000 

rl 
d 
+1 
(() 

rl 

rl 127~g~~ d~ 
~ ______ S2._14±_Ql_3 _________ ~3.3~S 

5.0SMAX . 

. THM91000L 

I 82.1HQ3 I 5. OS MAX. 

I 

~ ~ 000000000 
2.54 II 0.5::t0.1 

II 0.25±0.15 

73.66±0.3 
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TOSHIBA MOSMEMORY PRODUCTS 
THM91001S/L-85, 10,12 

\DESCRIPTION! 

The THM91001S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511001J on the printed circuit board. 

The THM91001S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

\FE/UURES! 

• 1,048,576 words by 9 bits organization 
• Fast access time 

THM91001S/L-85 Tffi191001 S/L-10 THM91001S/L-12 
tRAC RAS Access Time 8Sns 
tAA Column Address Access Time 4Sns 
t CAC CAS Access Time 30ns 
tRC Cycle Time 16Sns 
t NCAC Nibble Hade Access Time 20ns 
tNC Nibble Mode Cycle Time 40ns 

• Single pmver supply of SV+IO% 
• Low pmver 

3 ,465m\~ :·lAX. Operating (THM91001S/L-85) 
2,970m\-J MAX. Operating (THM9100IS/L-IO) 
2,475mi-J NAX. Operating (THH9100IS/L-12) 

49.5m\J ~lAX. Standby 
• CAS before RAS refresh, RAS only refresh, 

Hidden refresh, and Nibble Mode capability. 

\PIN COmJECTIQW 

(TOP VIEW) 
','~ ~ ( 1) 
c;..:o ( 2) 
DI.iO ( 3) 

;..0 ( 4) 
Al ( 5) 

D~1 ( 6) 
A2 ( 7) 
A3 ( 8) 

VSS ( 9) 
DQ2 (10) 

A4 (1) 
A5 (12) 

DQ3(13) 
A6 (14) 
A 7 (15) 

DQ4 (16) 
A8 Cl '7) 
A9 (18) 

N. e. (19) 
DQ5 (20) 

Vi (21) 
VSS (22) 
DQ6 (23) 

N. e. (24) 
DQ 7 (25) 
-.2..§ (26) 
;':;AS (27) 

CA~:O 8 (88) 
D8 <::'9) 

vee (30) 

~o 

gl 
gi 
~I 
gl 
~l 
~I 
gl 
0 

g[ 
gl 

0 

I AO f\, A9 

I 
DQO f\, DQ7 

I 
I 

D8 

Q8 

CAS 

I RAS 

I W 

I 
I 

CASB 

VCC 

VSS 

] N.C. 
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lOOns 120ns 
SOns 60ns 
3Sns 40ns 

190ns 220ns 
20ns 2Sns 
40ns Sans 

• All inputs and outputs TTL 
compatible 

• 512 refresh cycles/8ms 

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 



DQ. 

DQ. 

AO-A9 

Vee 
VSS 

o - I 

1" r 

2J 

3- [ 

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

.... 
.... 

D 
~ 

r- ~ 
AO-A9 

RAS 
,-+- k CAS 

r-I-I- ~ WRITE 

~-H-
- I-

-D 
l....I\ AO-A9 

~ ~ RAS 
f-I- k CAS 

>-f-I- f-<: WRITE 

HJ-
f- I-

f-f-I- ~ D 

k 
AO-A9 

.... RAS 
H- f-< CAS 

.... 1-1- f-< WRITE 

HJ-
...... -1-

~ D 
AO-A9 

~ RAS 

~ k CAS 
H ..... k WRITE 

~f-

I' 
; 

I 

QU DQ. - I D QU 
~ AO-A9 

r- f-< BAS 
r-I- f-< CAS 

..... 1-1- I-c WRITE 

r-H-

Q.J r f-

QU DQ. 5 f.- D 
~ AO-A9 

.... k BAS 
~I- ~ CAS 
f-I- f-<: WRITE 

HI-

QU r 1-1-

Q.U DQ. 6- I-- D 
L.J., 

k 
AO-A9 

.... BAS 
.... 1- f-< CAS 

I-~ k WRITE 

HI-

QJ r I-f-

Q.J DQ. 7- ~ D 
~ AO-A9 

.... ~ RAS 
~I- k CAS 
l- f-< WRITE 

r-H-

D8 LS D Q.~ 
AO-A9 

Q.8 

'---< BAS 

CAS 
WRITE 

f-t~ 
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THI91 001 S/L-a5, 10, 12 
ABSOLUTE r·1AX mW·1 RATINGS 

ITE~1 SYMBOL RATING UNITS NOTES 
Input Voltage VIN -1'\;7.0 V 1 
Output Voltage VOUT -1'\;7.0 V 1 
Power Supply Voltage VCC -1'\;7.0 V 1 
Operating Temperature TOPR a '\; 70 °c 1 
Storage Temperature TSTG -55 'V 125 °c 1 
Soldering Temperature· Time TSOLDER 260 • 10 ° C • sec 1 
Po\Ver Dissipation PD 5.4 W 1 
Short Circuit Output Current lOUT 50 rnA 1 

RECm.l~1ENDED DC OPERATING CONDITIONS (Ta=O '\; 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 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0'\;70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATI::G CURRENT Till191001S/L-85 - 630 
ICCI Average Power Supply Operating Current Till19 1001 S/L-IO - 548 ! rnA 3, 4 

(R.<\S, CAS, Address Cycling: tRC=tRC NIX.) THM9l001S/L-12 - 450 
STA::DBY CURRE}lT 

ICC2 Power Supply Standby Current - 18 rnA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THM91001S/L-85 - 630 

ICC3 Average Power Supply Current, RAS Only ~1ode THM91001S/L-IO - 540 rnA 3 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THM9100lS/L-12 - 450 
NIBBLE MODE CURRENT THM9l00lS/L-85 - 450 

ICC4 Average Power Supply Current, Nibble Mode THM9l00lS/L-10 - 360 rnA 3, 4 
(RAS=V IL , CAS Cycling: tNC=t NC MIN.) THM9l00lS/L-12 - 270 
STA}lDBY CURRENT 

ICC5 Power Supply Standby Current - 9 rnA 
(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM9100lS/L-85 - 630 
ICC6 Average Power Supply Current, CAS Before THM9l00lS/L-10 - 540 rnA 3 

i=-:--= - -RAS Mode (RAS, CAS Cycling: tRC=tRC MIN. ) THM9100IS/L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 jlA 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -20 20 jlA 
(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 (IOUT=4.2rnA) 

-C-147 -



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

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

SYMBOL PARAMETER THM91001S/L-85 THM91001S/L-1O THM91001S/L-12 UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
t NC Nibble Hode Cycle Time 40 - 40 - 50 - ns 

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

tCAC Access Time from CAS - 30 - 35 - 40 ns 8,13 

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

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

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

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

tRSH RAS Hold Time 30 - 35 - 40 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 

t CAS CAS Pulse Hidth 30 10,000 35 10,000 40 10,000 ns 

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

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

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

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

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

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

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

Column Address Hold Time 
tAR referenced to RAS 65 - 75 - 90 - ns 

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

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

t RCH 
Read Command Hold Time 

0 0 0 10 
referenced to CAS - - - ns 

tRRH 
Read Command Hold Time 0 - 0 - 0 - ns 10 
ref erenced to RAS 

t\~CH ~..Jrite Command Hold Time 20 - 20 - 25 - ns 

tWCR Write Command Hold Time 
referenced to RAS 65 - 75 - 90 - ns 
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THM9:1 001 S/L-ai" 1 0,12' 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THM91001S/L - 8 5 THM9100lS/L-1O THM91001S/L-12 
SYMBOL PARAMETER MIN. MAX. MIN. ,MAX. MIN. MAX. UNITS NOTES 

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

tRWL Write Command to RAS Lead Time 20 - 25 - 30 - ns 

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

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

tDHR 
Data-In Hold Time referenced 65 75 90 
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) 

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

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

t CPT 
CAS Precharge Time 50 - 50 - 60 - ns 

! (CAS before RAS Counter Test) 
_._--

t NCAS Nibble ~lode Pulse Width 20 I - 20 - 25 I - ns 
I 

tNCP Nibble Node CAS Precharge Time 10 - 10 - 15 - ns 

tNRSH Nibble Hode RAS Hold Time 20 - 20 - 25 - ns 

tNRWL 
Nibble Hade WRITE Command to 20 20 - 25 -- ns 
RAS Lead Time 

tNClvL 
Nibble Mode WRITE Command to 20 - 20 - 25 - ns 
CAS Lead Time 

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

SYMBOL PARAMETER MIN. HAX. UNIT 

CII Input Capacitance (AO'V A9, W, CAS, RAS) - 60 pF 

CI2 Input Capacitance (D8, CAS8) - 7 pF 

CDQ I/O Capacitance (DQO 'V DQ7) - 15 pF 

CQ Output Capacitance (Q8) - 10 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. 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. 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 

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.) can be met. 

tRCD(max.) is specified as a reference point ontY: 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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THM91001S/L-85, 10, 12 

READ CYCLE 

tRC 

tRP 

VIH 
tRAS 

RAS 
VIL 

tCSH 

tRCD 

VIH 
CAS 

VIL 

DOUT VALID DATA 

~ "H" or "L" 
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EARLY WRITE CYCLE 

tRP 

tRSH 

tCSH 

tCAS 

VIL-

AO-A9 

tCWL 

twp 
WRITE VIH-

VIL- ~~~~~~~~~~~~ __ -+ ____ ~ ____________ ~~~~~~~~~~~~~ 

VIH-

V IL - -'-......... '-'--'-*-:-............. -<-................. .J-J.I 

OPEN 

~: "R" or "L" 
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NIBBLE MODE READ CYCLE 

_ VIH - ---2:--1-+---":L 
CAS 

AO-A9 VIH -
VIL -

VOH -
DOUT 

VOL -

VIH -
WRITE 

VIL -

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

RAS VIH -

VIL -

__ VIH-
CAS 

VIL-

VIH-
AO-A9 

VIL-

WRITE 
VIH -

VIL-

"DIN 
VIH-

VIL-

DOUT 
VOH-

VOL-

tmm 

------------------ OPEN 
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~ "H" or "L" 



RA5 ONLY REFRESH CYCLE 

AD-AS 

DOUT 
VOH-

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

~ "H" or "L" 

NOTE: WRITE="H" or "L", A9="H" or "L" 
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THM91001S/L-S5, 10, 12 

CAS BEFORE RASREFRESH CYCLE 

VIH -
RAS 

VIL -

VIH --
CAS 

VIL -

VOH -
DOUT 

tCHR 

~--------------- OPEN 
VOL -------..;;;,:-

~: "H" or "L" 

NOTE: WRITE="H" or "L", AO'VA9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

AO-A9 
VIH 

VIL 

WRITE VIH 

VIL 

DoUT 
VOH 

VOL 

tRAS 

tRCD 

tRAD 

tAR 

tCLZ 

tRC 

tRP tRAS 

tRSH tCHR 

tRAL 

VALID DATA 

~ "HI' or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

DOUT 

VIH -

VIL -

VIH __ --~~~-+----------~i­

VIL -

THM91001S/L-85, 10, 12 

tCHR 

OPEN 

~ "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

_VIH -
RAS 

VIH -
CAS 

VIL -

VIH -
AO-A9 

V IL -~..I.....i.~L.J..~'-L....t...L...I.-I.~'--'-.J......t....J....I 

READ CYCLE 

VOH -

vOL -

__ VIH -
WRITE 

WRITE CYCLE 
VOH -

------

DOUT ----------------
vOL 

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

P----+-+~~ 
twes tWCH 

WRITE ::: _ 0/I#///ZZ-'i;Wt "rL-4z0rmlZ/Zi!Z 
tD~--J tDH 

DIN :~~ =~/IJlllJfj///IZ?(VALID DATA50rmJJEZZU 

E2ZJ : "HI! or ilL" 
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THM91001S/~8B, 10, 12 

OUTLINE DRAWINGS 

• THM91001S 
Unit in mrn 

88.90±0.13 r, _____ 79.6_2MA_X_. ____ ----., "\ .:l.l8±n05 

DDDDDD ~ 
o 00000000000000000000000000 .-i r ~t=-=-=I=-==-=-=..;=-=-=-=-=-=-~.=..=.=..=..=.=~~~+---, +0.13 

2.5 4 1.27 - 0.08 

82.14 ± 0.13 3.38 

5.08 MAX. 

~ THM91001L 

~-- 82.14 ± 0.3 -I 5.08 MAX. 

I 'I 

~ I DDDDDDDD 
"1 m 

2.5·1 _II 0.5±0.1 

73.66±0.3 
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TOSHIBA MOS MEMORY PRODUCTS 
THM91002S/~85, 10, 12 

\OESCRIPTIONI 

The THM9l002S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC5ll002J on the printed circuit board. 

The THM9l002S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

IFEATURESI 

• 1,048,576 words by 9 bits organization 
• Fast access time 

THM9l002S/L-85 THM9l002S/L-10 THM9l002S/L-12 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 

tCAC CS Access Time 25ns 
tRC Cycle Time 165ns 
tsc Static Column Mode Cycle Time SOns 

• Single power supply of 5V±10% 
• Lmv pmver 3,465mVJ MAX. Operating (THM9l002S/L-85) 

2,970mH HAX. Operating (THH9l002S/L-10) 
2,475mlv NAX. Operating (THH9l002S/L-12) 

49. 5m~v HAX. Standby 

lOOns l20ns 
SOns 60ns 

25ns 30ns 
190ns 220ns 

55ns 65ns 

• CS before RAS refresh, RAS only refresh, Hidden refresh, and Static Column Mode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 

[PlN CONNECTIONI 

(TOP VIEW) 
vee CD cs (2) 
DQ,O (3) 
AO (4) 
Al (5) 
DQ,1 (6) 
A2 (7) 
A3 (S) 
VSS (9) 
DQ,2(JQ) 
A4 ell) 
A5 (12) 
DQ,3 (13) 
A6 (14) 
A7 (15) 
DQ,4 (16) 
AS (l'7) 
A9 (18) 
N.e.(19) 
DQ,5 (2]) 
TN (21) 
VSS (22) 
DQ,6 (23) 
N.C. (24) 
DQ,7 (25) 
Q,8 __ (26) 
Rim (27) 
<mE <2B) 
DB (29) 
vee (30) 

0 

g\ 
gl 
0 

gl 
gl 
~l 
gl 
gl 
0 

gl 
gl 

0 

I 
I 

fPTN NAr.1ESI 

AO 'V 9 

DQO 'V 7 

] 
I 

D8 

Q8 

CS 

I RAS 

] W 

CS8 

I VCC 

I 
I 

VSS 

N.C. 
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Address Inputs 

Data Input/Outputs 

Data Input 

Data Output 

Chip Select Input 
--

Row Address Strobe 
--

Read/~Jrite Input 

Chip Select Input 

Power (+5V) 

Ground 

No Connection 



BLOCK DIAGRAM 

DQ, o ~ I 

DQ, 1 

DQ, 2~ 

DQ, 3 

AO-A9 

RAS 

cs 
CS8 

WRITE 

Vee 
Vss 

~ 

-
,... 
'"' 

0 

0 

r-

,....+-

,....f-+-

r 
--f-

~ 

...... f-

~--

r 
f-+-f-

~ 

I>-i-

~+-f-

r-
1--

~ 

~r-

~-i-

D 
,.....-J\ 

k 
AO-A9 

liS 

rc ~ 
r-<: WRITE 

H~ 

I--D 
l..J-, 

AO-A9 

~ RA§ 

f-<: CS 

f-< WRITE 

HI-

t--D 
L.1\ 

AO-A9 

k RAS 

I-< CS 

I-< WRITE 

Hf-< 

tJ\ D 

~ AO-A9 

f-<: RAS 

f-<: CS 
r-<: WRITE 

~ 

qU DQ,4"" 1 ~J D 
....--1'-

rtI AO-A9 

r- I-< ~.AS 

,....f- I-< cs 
f-f- f-< WRITE 

~~ 
qU r - ~J DQ,5 ~ -D 

-'\ 
AO-A9 

~ ~ RAS 
0-- ~ CS 
f-f- f--< WRITE 

H~ 

Q,U Dq6 ~ r i- ~J I--D 
~ 

AO-A9 

~ RAS 
~f- I-< CS 

f-f- r< WRITE 

HJ-

qU DO,7 ~ r - q] - D 
_1\ 

k 
AO-A9 

HAS 
~ I-< es 
- f--< WRITE 

t ~~ 

D8 ~ 

LS D Q, f---o 
AO-A9 

Q,8 

L-..<: RAS 

es 
WRITE 

~f-< 
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THMII 002S/L~85, 10, 12 
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 125 °c 1 

Soldering Temperature o Time TSOLDER 260 0 10 °c 0 sec 1 

Power Dissipation PD 5.4 W 1 

Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=0'V70°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 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCc=5V±10%, Ta=0'V70°C) 
~"-r-------------------------~~------~--------------------.----r'--~----'---~ 
SYMBOL PARAMETER tnN. MAX. UNITS NOTES 

OPERATING CURRENT THM91002&-'L-85 - 630 
3, 4 Averag~PQ1;ver Supply Operating Current ~~lO02S~ - 540 rnA 

eRAS, CS, Address Cycling: tRC=tRC MIN " __ ) _. ___ J.!1!1=91:.2:.00.::.:.,2=S/L~-=--.:::.:12",-+-_-__ +--4-,,-5_0+-__ --'f-__ ---l 

STANDBY CURRENT 
IeC2 Pmver Supply Standby Current 

(RAS=CS=VIH) 

ICC3 
RAS ONLY REFRESH CURRENT 
Average Power Supply Current, RAS Only Mode 
eRAS Cycling, CS=VIH: tRC=tRC MIN.) 
STATIC COLUMN MODE CURRENT 

18 rnA 

THM91002S/L-85 630 
THM91002S/L-IO 540 rnA 
THM91002S/t-12 - 450 
THM91002S/L-85 - Lf SO 

ICC4 Average POvler Supply Current ~ Static Column Mode T.dM91002S/L-IO - 360 rnA 

3 

3, 4 
(RAS=CS=VIH, Address Cycling: tSC=tsc MIN.) TBI:Il91002S/L-12 - 270 

-J-----~---4---~---~---+----~ STANDBY CURRENT 

ICCS 9 rnA Power Supply Standby Current 
(RA-S~CS=VCC-O.2V) 

-------------- - --- --------~------;I_--+-- .--+-----l 
CAS BEFORE RAS REFRESH CURRENT THv191002S/L-85._+_------t--,:E:,..::3~0_l 
Average Power Supply Current, CS Before RAS Mode THM91002S/l-10 - 540 rnA 3 
(ill, CS Cycling: tRC=tRC MIN.) 'THM91002S/L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current) any Input -90 90 ~A 
(OV ;;;, VIN ~ 6. 5V, All Other Pins not under Test=OV) 

--------------~-------~--~---4----_+_--~ 
I OUTPUT LEAKAGE CURRENT 
a (L) (DOUT is disabled, OV ~ VOUT ;; 5. 5V) 

~-----.-=~~----------.~------~~----~-------------------------~--_+--__l----~,.-----

-20 20 ~A 

V OUTPUT LEVEL 
~_ Output "H" Level Voltage (IOUT=-5mA) 2.4 v 

OUTPUT LEVEL 
VOL Output "L" Level Voltage (IOUT=4.2'1lA) 

~----~~----------------~----.~~---------------------------~---~--~-----~--~ 

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) 

SYMBOL PARAMETER THM91002S/L-85 THM91002S/L-1O THM91002S/L-12 UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

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

tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 

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

tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 

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

tCLZ CS to Output in Low-Z 5 - 5 - 5 - ns 8 
tOFF Output Buffer Turn-off Delay 0 30 0 30 ° 35 ns 9 

tAOH 
Output Data Hold Time from 

5 5 5 Column Address - - - ns 

tow 
Output Data Enahle Time from 30 30 35 
WRITE - - - ns 

tWOH 
Output Data Hold Time from 

0 0 0 WRITE - - - ns 

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

---
tRAS RAS Pulse \,Jidth 85 10,000 100 10,000 120 10,000 ns 

tRASC 
RAS Pulse 1;,Jidth 
(Static Column Mode) 85 100,000 100 100,000 120 100,000 ns 

tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 

tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tcsc 
CS Pulse Width 25 100,000 25 100,000 30 100,000 ns 
(Static Column Mode) 

tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 
tRAD RAS to Column Address Delay Time 20 40 20 50 20 60 ns 14 

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

tcp CS Precharge Time 
10 - 10 - 15 - ns 

(Static Column Mode) 
tASR Row Address Set-Up Time ° - 0 - 0 - ns 

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

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

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

tAWR 
Write Address Hold Time 

65 75 90 referenced to RAS - - - ns 

tAR Column Address Hold Time 
100 referenced to RAS - 115 - 140 - ns 

tRAL Column Address to RAS Lead Time 45 - 50 - 60 - ns 
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lHM91002S/L-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THM910028/L-85 THM910028/L-lO THM910028/L-l:( 
SYMBOL PARAMETER HIN. HAX. HIN. HAX. HIN. HAX. UNITS NOTES 

tAH 
Column Address Hold Time 10 10 15 - ns 16 
referenced to RAS Rise - -

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

tRCS 
Read Command Set-Up Time 

0 - 0 - 0 - ns referenced to CS 

tRCH 
Read Command Hold Time 

0 0 0 10 
referenced to CS - - - ns 

tRRH 
Read Command Hold Time 

0 0 0 10 referenced to RAS - - - ns 

tWH 
Write Command Hold Time 0 0 - 0 - 12 
(Output Data Disable) - ns 

tWCR 
Write Command Hold Time 

65 90 referenced to RAS - 75 - - ns 

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

tWI Write Command Inactive Time 10 - 10 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - 30 - ns 

tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data-In Hold Time 20 - 20 - 25 

I 
- ns 11 

tDHR Data-In Hold Time referenced 

1 
to RAS 65 - 75 - 90 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

tws 
VJrite Command Set-Up Time 

0 0 0 12 
(Output Data Disable) - - - 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 - - - ns 
Time 

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

tCPN CS Precharge Time 15 - 15 - 20 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO "v A9, W, CS) RAS) - 60 pF 

CI2 Input Capacitance (D8) ~) - 7 pF 

CDQ I/O Capacitance (DQO "v DQ7) - 15 pF 

~Q Output Capacitance (Q8) - 10 pF 
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NOTES: 

1. 

2. 

3. 

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

All voltage are referenced to VSS. 

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 any 8 RAS cycles 

before proper device operation is achieved. In case of useing internal refresh 

counter, a minimum of 8 CS 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 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. 

12. tws, tWH are not restrictive operating parameters. They are included in the data 

sheet as electrical characteristics only. If tws ~ tws (min.) and tWH £; tWH(min.) , 

the cycle is an early write cycle and data out pin will remain open circuit (high 

impedance) throughout the entire cycles. 

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 spec­

ified 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. tAH is the condition to latch column address when RAS has rised up. 
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THI91002S/1-85, 10,12 

TIMING WAVEFORMS 

READ CYCLE tRC 

tRP 

RAS 
vIH 

vIL 
\ tRAS 

~ tCSH L 
tASR tRAH I ~~ tRAL ~ 

VIH 
AO-A9 

vIL 
ow. ROW ADDRESS W1111~o- COLUMN ADDRESS Willllllilif 

t CRP I tRAD 

Lm vIH 

VIL --' I 
WRITE VIH 

VIL jlllllllill I I I I/;/ II/ 

Dom: Von I 
tRAC 

OPEN 
VOL 

~~ITE CYCLE (EARLY ~IKITE) 

AO-A9 

tASR I tRAil 

ROW 
ADDRESS 

tAR 

tRCD 
tRSH 

1\ 
tcs 

tRCS tRRH 

tCAC 

tAA I 

tcLZ f2x. VALID DATA 

tDHR 

tRAS 

COLUMN 
ADDRESS 

VALID DATA 

OPEN 

I 

m "H" or "L" 
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tCRP 

Vn 
VII/4 

tOFF 
f--

1\ 
V 



STATIC COLUMN MODE READ CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

cs VIH 
VIL 

VIH 
WRITE 

VIL 

DOUT 
VOH 

VOL 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

AO-A9 
VIH 

VIL 

OPEN 
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COLUMN 
ADDRESS 

VALID 
DATA 

"R" or flL" 



TMMel002S/l-85, l8,12 
]AS ONLY REFRESH CYCLE 

__ VIR 
RAS 

VIL 

tCRP 

VIR 
CS 

VIL 

AO-A8 
VIR 

VIL 

VOR 
DOUT 

VOL 
OPEN 

NOTE: WRITE:::"H" or "L", A9="H" or "L" E2L:2: "H" or "L" 

CS BEFORE RAS REFRESH CYCLE 

BAS vIR 

VIL 

OS 
VIH 

VIL 

tRP 
--j 

tRAS 

.J j j! 
tRPC 

tCPN 
tCSR tCHR=t l 

__ J'- \l I 

I 

tOFF 

VOH 
DOUT 

VOL 
OPEN I 

NOTE: WRITE="H" or ilL", AD'VA9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

DOUT 

HIDDEN REFRESH CYCLE (WRITE) 

tCHR tCRP 

AO-A9 

I t''1H 

~~~ _________ ~mA 

DOUT 

~ "H" or "L" 
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THM91002S/L-85, 10, 12 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -

vIL -

tSR 

r 

r\ 

tCHR 

t RAS 

I 

t CPT 
I I 
Jj tASC 

I 
t RP 

tRsH I) 
l\-

I tCRP 

tcs 

11 I tAB 

READ CYCLE 

[ 

DOUT 

WRITE 
VIH -­
VIL --~~~~~~~~~~~~ 

~.JRITE CYCLE 
VIH 

AO-A9 
VIL -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

VOH -------------------------+--~r_--~---
VOL - ----

1-4---+--->----
VIH --~~~~~~~~~~~~~--~~---~-----~~ 
VIL 

VIH 
VIL - :....t....'-t-'-t-~.L.t....'_'_'~~~~~~ ""l"----.:l["" "'-~~..L.t..~~..t....t...~~~.t....L~ 

~ "H" or "L" 
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OUTLINE DRAWINGS 

THM91002S Unit in mID 

88.90±G.13 

1--___ 79._62MAX_. ------t' I .:H8±U05 

D D D D D D D -thf-t+--r-~ 
I ________ ~~~ 12~~~~ 

OOOOOOOOOOOOOOOOOOOOOOODOOOO 0 IF 
__ 82.l4±G.13 

5.08MAX. 

• THM91002L 

I 82.a±U3 I 5. 08 MAX. 

I 

~ ~ 000000000 
2.54 II D.5±G.l 

II G.25±G.15 

73.66±G.3 
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THM91 01 OS-85, 10, 12 

IDESCRIPTIONl 

The THM9l0l0S is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC5ll000J on the printed circuit board. 

The THM9l0l0S 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 

THM9l0l0S-85 THM910l0S-l0 THM9l0l0S-l2 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 
tCAC CAS Access Time 25ns 
t RC Cycle Time l65ns 
tpc Fast Page Mode Cycle Time SOns 

• Single power supply of 5V±lO% 
• Lo\v pmver 3, 465mW HAX. Operating (THM9l0l0S-85) 

2,970mW HAX. Operating (THM9l0l0S-l0) 
2,475mW MAX. Operating (THM9l0l0S-l2) 

49.5mW HAX. Standby 

lOOns l20ns 
SOns 60ns 
25ns 25ns 

190ns 220ns 
55ns 70ns 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and ouptuts TTL compatible 
• 512 refresh cycles/8ms 

'PIN CONNECTION I 

(TOP VIEW) 
VCC ~1 

~~5 t: 
!r f~9 
vss t 
DQ,2 10 
A4 11 
A5 12 
DQ,3 13 
A6 14 
A7 15 
DQ,4 16 
A8 17 
A9 18 
N.C. 19 
lLQ,5 20 
W 21 
VSS 22 

go 
lil I 

0 

I gl 
0 

, ~I I 
gl I Q 

gl I 
~~ l~i PD2 26 
RAB 27 
N.C. 28 
DQ,8 29 
VCC 30 

gl 

l~' gl 

I 
I 
I 

0 
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'PIN NAMES! 

AO "vA9 Address Inputs 

DQO "vDQ8 Data Input/Outputs 

CAS Column Address Strobe 

P-AS Row Address Strobe 
p Read/Write Input 

PDl, 2 Presence Detect (Ground) 

VCC Power (+5V) 

VSS Ground 

~l.C. No Connection 



BLOCK DIAGRAt'l 

DQ, o ~ 
~ 

~l 0 

D Q,2 :: 

D (;"30 

AO---A9 I 

PDl 

PD2 

Vcc 
VSS 

" 

'-' 

0 

'-' 

0 

" '-' 

'-' 

I 

i 

I 

~ 

1-

D 
~ 

rV 
AO~Ag 

-- k BAS 
- r--c CAS 

-- f-c WhITE 

f--H--
t-

~D 

l.J., 
AO~A9 II" 

'""" f--<: RAS 

i- k CAS 

i- f--<: WRliE: 

Hr-
I-

I--D 
L1, AO~A9 

k t- FAS 
I- k CAS 

I- k W:r:.IT::: 

r-H-
--

t--D 
~ 

AO~A9 r-I 
...... --G EA2 

.... k CAS 

I- k Wf.ITE 

,J DQ,40- 1 
D ,J 

--'\ 

;- ~ 
AO~A9 

BAS 

l- f-<: CAS 

I- r--o WhITE 

f-H-

,J [ 
I-

,J DQ,5 ("). f---D 

~ AJ~A9 
~ r-c 1'1 AS 

I- f-c CAS 

f0- re WRIT::: 

MI-

~J r I-

J"J DQ60- J---- D 
~ 

AO~A9 r 
I"- f---£ ?IAS 

I- r--< CAS 

l- f-<: ~ 

HI-

,J [ 
r--

~~J DQ,70 -D 
'-'\ 

AO~1.9 rv' 
t- --0 :2.AS 

r-- f--O CAS 

I- r-o WI'.IT::: 

rH-
r r--

~U DQ8~ LS D 
AO-A9 

L--.{ hAS 

..r CAS 

WRITE 

HI-
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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 DC 1 
Storage Temperature TSTG -55 "'- 125 DC 1 
Soldering Temperature • Time TSOLDER 260 '. 10 DC • sec I 

Power Dissipation PD 5.4 W I 

Short Circuit Output Current lOUT 50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O "'-70 C c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vec 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±lO%, Ta=O "'- 70 C C) 

SYMBOL PARAMETER MIN. HAX. UNITS NOTES 

OPERATING CURRENT THH9l0l0S-85 - 630 

ICCl Average Power Supply Operating Current THH9l0l0S-l0 - 540 rnA 3, 4 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) THH9l0l0S-l2 - 450 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 18 rnA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THM9l0l0S-85 - 630 
ICC3 Average Power Supply Current, RAS Only Mode THM9l0l0S-l0 - 5.+0 r:1A 3 

(RAS Cycling, CAS=VIH: tRc=tRC MIN.) THM9l0l0S-l2 - 450 
FAST PAGE MODE CURRENT TFM9l0l0S-85 - 450 

ICC4 Average Power Supply Current, Fast Page Mode THM9l0l0S-l0 - 360 rnA 3, 4 
(RAS"=VIL, CAS Address Cycling: tPC=tpc MIN.) THM9l0l0S-l2 - 270 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 9 rnA 
(PAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM9l0l0S··85 - 630 
ICC6 Average Power Supply Current, CAS Before RAS TID19l0l0S-l0 - 540 rnA 3 

Mode (RAS, CAS Cycling: tRC=tRC MIN.) THM3l0l0S-l2 - 450 
INPUT LEAKAGE CURRENT 

I1(L) Input Leakage Current, any Input -90 90 ].IA 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 (DOUT is disabled, OV ~ VOUT ~ 5.5V) ].IA 

VOR 
OUTPUT LEVEL 2.4 V Output "H" Level Voltage (IOUT=-5rnA) -

VOL 
OUTPUT LEVEL - 0.4 V Output "L" Level Voltage (IOUT=4.2rnA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O'V 70°C) (Notes 5, 6, 7) 

THM91010S-85 THM91010S-10 THM910l0S-l2 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. ~IN. MAX. MIN. MAX. 

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

tpc Fast Page Mode Cycle Time 50 - 55 - 70 - ns 
tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
tCAC Access Time from CAS - 25 - 25 - 30 ns 8,13 

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

tCPA 
Access Time from CAS Pre-

45 50 65 8 charge - - - ns 

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 
tRAS RAS Pulse Hidth 85 10,000 100 10,000 120 I 10,000 ns 

RAS Pulse Width I 
t RASP (Fast Page Mode) 85 100,000 100 100,000 120 100,000 ns 

tRSH RAS Hold Time 25 - 25 - 30 - ns 
tCSH CAS Hold Time 85 - 100 - 120 - ns 

tCAS CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns 
tRCD RAS to CAS Delay Time 25 60 25 75 25 90 ns 13 

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

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

tcp CAS Precharge Time 
10 - 10 - 15 - ns 

(Fast Page Mode) 
tASR Row Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 15 - 15 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - ° - ns 

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

tAR 
Column Address Hold Time 

65 75 90 
referenced to RAS - - - ns 

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

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 
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TI.91 01 OS-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMr'1ENDED AC OPERATING CONDITIONS (Continued) 

THM91010S-85 THM91010S-10 THM91010S-12 
SYMBOL PARAMETER 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 10 
P-AS 

- - - ns 
ref erenced to 

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

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

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

tRHL Write Command to RAS Lead 20 25 30 - - - ns 
Time 

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

t DS Data Set-Up Time 0 - 0 - 0 - ns 11 
tDH Data Hold Time 20 - 20 - 25 - ns 11 

tDHR Data Hold Time referenced 
to RAS 65 - 75 - 90 - 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) 
CAS Hold Time 

tCHR (CAS before RAS Cycle) 30 - 30 - 30 - ns 

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

tCPT CAS Precharge Time (CAS be- 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (V CC=5V±10%, f=lHHz, Ta=O'\, 70°C) 

SYMBOL PARAHETER MIN. HAX. UNIT 

Cn Input Capacitance (AO'\, A9, W, CAS, RAS) - 60 pF 

CDQ 110 Capacitance (DQO '\, DQ8) - 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. ICC1, I CC 3, ICC4' ICC6 depend on cycle rate. 

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

5. An initial pause of 200~s is required after power-up followed by 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 100pF. 

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

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

11. These parameters are referenced to 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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THI91010S-85, 10, 12 

READ CYCLE 

tCSH 

tHAD t AR __________ -'1lAL-_ ~ 

AO~A9 
VIII 

VIL 

tRRH 

WRITE 
VIH 

tCAC 
VIL 

I ~_ tAA 

L---
----------

~CLZ 
tRAC 

VOH 
OPEN VALID DATA DOUT 

VOL 

IW] : "H" or "L· 
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EARLY WRITE CYCLE 

__ VIH­
RAS 

DOUT 

VIL--

VIH -

VIL-

VIL-

VIH-­

VIL--

:r 

tRC 
t---------------------- ---------

tCSH 

tCAS 

I tDHR r-----------

OPEN 

~:nH" or "L" 

-C-180-



FAST PAGE MODE READ CYCLE 

__ VIH 
CAS 

___ VIH 
WRITE 

VIL 

VOH 
DOUT 

THM91010S-85, 10, 12 

~: "H" or "L" 
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lH'1VI91010S-85, 10, 12 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

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

__ VIH-
WRITE 

VOH-

DOUT -------------------------
VOL --

OPEN 

~:"H' Or "L" 
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~AS ONLY REFRESH CYCLE 

VIL --

VOH --
--- ------ OPEN 

VOL -

t222j: "H" or "L" 

Note: WRITE="H" or "L" , A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

OPEN 

Note: WRITE="H" or "L", AO'VA9="H" or "L" 
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THM91010S-85, 10,12 

HIDDEN REFRESH CYCLE (READ) 

tRC 

t RAS t RP t RAS 

VIH 
RAS 

VIL 

tRCD t RSH tCHR 

CAS 
VIH 

VIL 

VALID DATA 

~: "H" or "L" 
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THIVI91010f85,: lO, J2 

HIDDEN REFRESH CYCLE (WRITE) 

VOH­

VOL-

t RAi'?_-+--+-+---=-:::-=-'-H 
tAuc 

tWCR 

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

~: "H" Or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
]-;AS 

V1L 

VIH 
CAS 

V1L 

1[TH 
AO~A9 

1[1L 

READ CYCLE 

HRITE CYCLE 
vOH 

W?,}T::-: v1H 

V1L 

=-{R 

------ OPEN -------1-+---< 

~: "HI! Or liLt! 
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OUTLINE DRA~JINGS 

Unit in mm 

B 0.9 O±0.13 

79.62MAX. 

r/J 3.1B ±o.05 

DDDDDD~_H-+H--.-
0000000000000000000000000000 

B 2.14.± 0.13 
/. t 27

±OOB 

':.OBMAX. 
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TOSHIBA MOSMEMORY PRODUCTS 
THM91020~85, 10, 12 

iOESCRIPTION\ 

The THM91020L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000J on both sides of the printed circuit board. 

The THM91020L 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. 

IFEATURES\ 

• 1,048,576 words by 9 bits organization 
• Fast access time 

THM9l020L-85 THM9l020L-lO THM9l020L-12 
tRAC RAS Access Time 
tAA Column Address Access Time 
tCAC CAS Access Time 
tRC Cycle Time 
tpc Fast Page Mode Cycle Time 

• Sinlge power supply of 5V±10% 
• Low power 

3,465mW MAX. Operating (Tllli91020L-85) 
2,970mH MAX. Operating(THM91020L-IO) 
2,475mH HAX. Operating(THM91020L 12) 

49.5mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, 

Hidden refresh, and Fast Page Mode 
capability. 

\PIN CONNECTION\ 

(TOP VIEW) 
YQJ2 (1) 
CAS (2) 
DQO (3) 
AO (4) 
A1 (5) 
DQ,l (6) 
A2 ('() 
A3 (S) 
VSS (9) 
DQ,2 (10) 
A4 (11) 
A5 (12) 
DQ,3 (13) 
A6 (14) 
A,( (15) 
DQ,4 (16) 
AS (1'() 
A9 (1S) 
N.C. (19) 
:QQ,5 (20) 
Vi (21) 
VSS (22) 
DQ,6 (23) 
N.C. (24) 
DQ'( (25) 
Q,S (26) 
R:Arr (2'() 
CAS8 (28) 
DS (29) 
VCC (30) 

o 
o 
o 
o 
o 

85ns lOOns l20ns 
45ns SOns 60ns 
25ns 25ns 30ns 

l65ns 190ns 220ns 
SOns 55ns 70ns 

• All inputs and output TTL co~patible 
• 512 refresh cycles/8ms 
• l2.64mm MAX. Package Height 

IPIN NAt-1ESI 

AO '\, A9 Address Inputs 

DQO '\, DQ7 Data Input/Outputs 

D8 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

CAS8 Column Address Strobe 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 
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IBLOCK DIAGRM~I 

AO-A9 

RAS 
CAS-

CAS8 

WHITE 

VCC 

Vss 

0 1 

qlJ D 

D Q2 r 

D Q3 cr r 

ro. 

~ 

0-

D 
,..--1\ 
-v AO-A9 

r-' -c RAS 

r-r- -C CAS 

-I-f- -C WRITE 

r-i-r-
t-H-

I-I-f- r-- D 
L....J.,. 

AO-A9 rv 
~ f-< RAS 

~I- k CAS 
1-1-1- ~ WRITE 

i-t-i- ~~ 
~-
L..J\, 

D 

rv AO~.h.!? 
l- re RAS 

1-1- f-c CAS 

1-1-1- f-< WRITE 

,.--f- ~~ 
I-- D 
Lt-. 

AO-A9 rv' 
f-. ~ RAS"" 

-,..... -<: CAS 

~.-,..... --C WRITE 

t-~~ 

QJ DQ4" 1 QW D 
~ 
rY AO-A9 

;- :-< RAS 

r-~ r-c CAS 
r-r-~ 1-< WRITE 

[ 
1-1-1- ~~ 

QJ 

I ~U DQ5 "- r-- D 
L....J.,. 
r AO-A9 

l- t--< RAS 

1-1- r--c CAS 
1-1-1- r-< WRITE 

r 1-1-1- b~ 
U I 

0,U L~.6 ~ r- D 
<. 

LJ.., 

rv AO~A9 
,..... f-< :nAS 

1-1- f-< CAS 

1-1-1- r-< WRITE 

r ---
b~l 

QU 
-' 

QU DQ7 r-- D 
~ 

AO-A9 rv 
.- -C RAS 

~- r-<: cAs 
1---- r-< WRITE 

~~ 
D8 " r--D Q f-<:J 

L....J.., 
AO-A9 

C RAS 

Q8 

CAS 

WRITE 

~l-
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THM91020l-85, 10, 12 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0 'V 7.0 V 1 
Output Voltage VOUT -1.0 'V 7.0 V 1 
Power Supply Voltage VCC -1.0 'V 7.0 V 1 
Operating Temperature TOPR o 'V 70 °c 1 
Storage Temperature TSTG -55 'V 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=O'V70°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 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=Orv70°C) 

SYMBOL PARAMETER HIN. HAX. UNITS NOTES 
OPEP~TING CURRENT THM91020L-85 - 630 

ICCI Average Po\Ver Supply Operating Current THM9102CL-IO - 540 rnA 3~4 

f---
eRAS, CAS, Address Cycling: tRC=tRC lUN.) THM91020L-12 - 450 
STANDBY CURRENT 

ICC2 Power Supply Standby Current rnA 

(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT THM91020L-85 - 630 

ICC3 Average Power Supply Current, RAS Only Mode THM91020L-IO - 540 rnA 3 
eRAS Cycling, CAS=VIH: tRC=tRC MIN.) THM91020L-12 - 450 
FAST PAGE MODE CURRENT THM91020L-85 - 450 

ICC4 Average Power Supply Current, Fast Page Mode THM91020L-IO - 360 rnA 3,4 
(RAS""VIL, CAS Address Cycling: tpC=tpc MIN. ) THM91020L-12 - 270 
STANDBY CURRENT 

Ices Power Supply Standby Current - 9 rnA 

1--
(RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM91020L-85 - E30 

ICC6 Average Power Supply Current, CAS Before RAS r---
THM91020L-IO - 540 rnA 3 

Mode (RAS, CAS Cycling: tRC=tRC MIN. ) THM9J020L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 ]..I A 

I (OV ~ VIN ~ 6.5V, All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRENT 
-20 20 ]..I A (DOUT is disabled, OV ~ VOUT ~ 5. SV) 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5mA) 2.4 - V 

VOL 
OUTPUT LEVEL 

0.4 V Output "L" Level Voltage (IOUT=4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O'V 70°C) (Notes 5, 6, 7) 

THM91020L-85 THM91020L-10 THM91020L-12 
SYSTEM PARAMETER UNIT NOTES 

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

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

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

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

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

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

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

ns 

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

tOFF Output Buffer Turn-off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse \~idth 85 10,000 100 10,000 120 10,000 ns 

tRASP RAS Pulse Hidth 
(Fast Page Mode) 

85 100,000 100 100,000 120 100,000 ns 

tRSH RAS Hold Time 25 - 25 - 30 - ns 

tCSH CAS Hold Time 85 - 100 - 120 - ns 
t CAS CAS Pulse Width 25 10,000 25 10,000 30 10,000 ns 
t RCD RAS to CAS Delay Time 25 60 25 75 25 90 ns 13 

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

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

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

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

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

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

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

tAR 
Column Address Hold Time 65 75 90 
referenced to RAS - - - ns 

tRAL Column Address to RAS Lead 
45 50 60 

Time - - - ns 

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

tRCH Read Command Hold Time 0 - 0 - 0 - ns 10 
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· .TBM81020L·a5,.lO~ 12., 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

THH9l020L-85 THH9l020L-10 THH9l020L-12 
SYHBOL PARAMETER 

MIN. MAX. MIN. MAX. MIN. MAX. 
UNITS NOTES 

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

t WCH Write Command Hold Time 20 - 20 - 25 - ns 

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

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

tRWL 
Write Command to RAS Lead 

20 25 30 Time - - - ns 

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

tDS Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 

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

tRiF Refresh Period - 8 - 8 - 8 ms 

t\lCS Prite Command Set-Up Time I 0 - 0 - 0 - ns 12 

tCSR CAS Set-Up Time 
10 10 

I 10 
(CAS before RAS Cycle) 

- - I - ns 

tCHR 
CAS Hold Time 

30 30 30 
(CAS before RAS Cycle) 

- - - ns 

t RPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

t CPT 
CAS Precharge Time (CAS be- 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tCPN CAS Precharge Time 15 - 15 - 20 - ns 

Cil.PAC ITANCE (V CC=5V±10%, f=lMHz, Ta=O'V 70° C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO'V A9, \'J, CAS, RAS) - 60 pF 

CI 2 Input Capacitance (D8, CAS8) - 7 pF 

CDQ I/O Capacitance (DQO 'V DQ7) - 15 pF 

CQ Output Capacitance (Q8) - 10 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 200'f.[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 tr=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between VIH and VIL . 

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

9. tOFF(max.) defines the time at 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.) can be met. 

tRCD(max.) is specified as a reference point only: If t RCD is greater than 

the specified tRCD(max.) limit, then access time is contrclled by tCAC' 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: If tRAD is greater than 

the specified tRAD(max.) limit, then access time is controlled by tAA' 
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READ CYCLE 

__ . VIH 
WRITE 

THM91020L-85, 10, 12 

tRP 

tRAS 

~ /- "-It- .., 

tCSH 

T- tRCD tRSH F I tCAS 

J ~\ \ ~V Ii 

.~ 
tAR I 

I 

I tRAD I tRAL I 

~ 
I I 1 

~ ~l i I I = ~_RO_W ~ COLUMN }0'i/W# ;,(;////0/& 

i I tRCS II. t?..:ill : "L
RC

, I~ . !I 
~~~~------~:.~ 

tCAC '\f..iL 

tOFF 

------- OPEN VALID DATA 

[LZ1: "H" or "L" 
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EARLY WRITE CYCLE 

tRSH 

tCSH 

VIH __ ----r-~~----------------~--~ 

VIL --

tCWL 

WRITE 
VIH -- twp 

VIL --

tRWL 

tDH 

VIH --
DIN 

V1L --

DOUT OPEN 

~: "H" or "L" 
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THM91020L-85" 10, 12 

FAST PAGE MODE READ CYCLE 

tID' 

RAS 
vIE tRASP 

VIL 

tCSH tpc tRSH 

tRCD tCAS tcp tcp tCRP 

VIE 
CAS 

VIL 

AO-A9 

WRITE VIH 

VIL 

~: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

tRP 

V IH - -----"L 
~-----------------------------------------~ 

VIL -

VIH _--~r-~-+-----------±~ 

VIL --

V I H -- -'-rr'T-r7"7-r7~-'-7"'\ 

VIL --~~~~~~~~~ __ -+ __ ~ __ ~~~~~-+ __ ~~~~-+ __ ~ __ ~~~~~~~~ 

VIH 
DIN 

VIL 

l---~~ 
VOH 

OPEN DOUT 
VOL 

"H" or "L" 
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THM91020~85, 10, 12 

RAS ONLY REFRESH CYCLE 

tAcR !tRAH.1 

VOH -

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

~: "H" or "l." 

Note: HRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

tCHR 

VIH 
CAS 

VIL 

VOH 
~ 

~ DOUT OPEN 
VOL I 

~: "H" or "L" 

Note: lVRITE="H" or "L", AO 'V A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRP 

tRCD tRSH tCHR 

VIH 
CAS 

VIL 
tRAD tRAL 

tAR 

VIH 
AO~A9 

VIL 

VALID DATA 

tCLZ 

~: "H" or ilL" 
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HIDDEN REFRESH CYCLE (WRITE) 

WRITE VIH 

VIL 

VIH 
DIN 

VIL 

VOH 
DOUT 

VOL 

I~ 

tCHR 

tDHR 

OPEN 

~: "H" or "L" 



CAS BEFORE "RXS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

I 
l, 

"OR 

\·JRITE CYCLE 

DOUT 

i DI.':J 

l 

'cCHR 
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tCAS 



OUTLINE DRAWINGS 

• THM91020L Unit in mID 

THE FRONT SIDE 

88.9±o.3 

~
'89MAX' 

2.54 JLO.5± 0.1 

73.66::LO.3 
---------~ ... ---------

THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 
THM91 021 L-85, 10, 12 

I DESCR! PTI ON I 
The THM9l021L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 

9 pcs of TC5ll001J on both sides of the printed circuit board. 
The THM9l021L 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. 

[FEATURESI 

• 1,048,576 words by 9 bits organization 
• Fast access time 

THM9l021L-8S THM9l021L-10 THH9l021L-12 
tRAC RAS Access Time 
tM Column Address Access Time 
tCAC CAS Access Time 
tRC Cycle Time 
tNCAc Nibble Mode Access Time 
tNC Nibble Mode Cycle Time 

• Single pm-Jer supply of SV+10% 
• Lmv power 

3, '" 6581,] MAX. Operating (THH9l021L-85) 
2,97 Omlv MA.:'L Operating (TillI9l021L-10) 
2,47Smlv MAX. Operating (THH9l021L-12) 

49.SmW MAX. Standby 

85ns 
45ns 
30ns 

l65ns 
20ns 
40ns 

• CAS before RAS refresh, Rt\S only refresh, 
Hidden refresh, and Nibble Mode capability, 

[PIN CONNECTIONI 

0 (TOP VIEH) 
vee (1) = 
CAS ?2) 
~o ,3< ?4; 
Al 51 

0 
DQ,l (6) 
A2 ?'~~ A3 
vss (9) 
L'Q,2 (J.O) 
A4 (ll~ 
A:5 (12 
T),;" 3 ~n5 0 h(j 

A7 (15) 
DQ,4 (15) 
A8 (17) 
A9 (18) 
N.C. (19) , 
£Q,5 (20) 

0 ~SS ~~~)' 
Dq6 ~231 N.C. 24 
!Xl, 7 ~25 fu 26 

A (27 ~ 

0 CAS8~28 D8 29 
vec 30) 

I PI N NA~1ES 1 
AO "u A9 

DQO "u DQ7 

D8 

Q8 

CAS 

RAS 

W 
--

CAS8 

VCC 

VCC 

N.C. 

-C-205-

lOOns l20ns 
50ns 60ns 
35ns 40ns 

190ns 220ns 
20ns 2Sns 
40ns SOns 

• All inputs and outputs TTL 
compatible 

• 512 refresh cycles/8ms 
• l2.64mm MAX. Package Height 

Address Inputs 

Data Input/Output 

Data Input 

Data Output 

Column Address Strobe 

Row Address Strobe 

Read/Write Input 

Column Address Strobe 

Power (+5V) 

Ground 

No Connection 



BLOCK DIAGRAM 

D Q, 0 O-....... ------l D 

DQ,l 

DQ, 3 o-+--f-+--H 

AO-A9 

RAS 

CAS 

WRITE 

D 

AO-A9 

RAS 

CAS 

WRITE 

Q, DQ, 4o-__ ------l 

DQ,5 

D Q 6 o-...,-+--+-I 

-I 
! i II 
I ! I I 
,. I I, I : ; i, 

AO-A9 c==::::::=~===~~=--- ' iJJ I i, 111 

D8 0---+,-+, ~-i -V Q,B 
RAS o--++~----t-+.;.-------{H11 
CAS 0----- -------1"'"" ! 
CAS8 0-. 1--- I 
WRITE 0-. I -1.- 1 

I ! L;~ 
j I ~il' Vce O-----------~i~---------------- ~. __ 

Vss Or----------------1--~------------------_____ ~ 
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THM91 021 L-85, 10, 12 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1"'7.0 V 1 
Output Voltage VOUT -1 "v 7.0 V 1 
Power Supply Voltage VCC -1'V7.0 V 1 
~!ating Temperature TOPR O'V 70 °c 1 
Storage Temperature TSTG -55 'V 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=O'" 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 
VCC Supply Voltage L}.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+IO%~ Ta=O'V 70 D C) -

SYHBOL PARAMETER MIN. MAX. UNITS NOTES 
OPERATING CURRENT THM9l021L-S5 - 630 

ICCl Average Power Supply Operating Current I THN9l021L-10 - 540 rnA 3,4 
eRAS, CAS, Address Cycling: tRC=tRC HIN. ) THN9l021L--12 - 450 

r---
STANDBY CURRENT 

ICC2 Power Supply Standby Current - lS rnA 
(RAS=CAS==VIH) 
RAS ONLY REFRESH CURRENT THM9l021L-S5 - 630 

ICC3 Average Power Supply Current, RAS Only Mode THM9l021L-10 - 540 rnA 3 
(RAS Cycling~ CAS=VIH: tRC=tRC MIN.) THM9l021L-12 - 450 
NIBBLE NODE CURRENT THM91021L-85 - 450 

1CC4 Average Pmver Supply Current, Nibble Mode THM9l021L-1O - 360 rnA 3,4 
(RAS=VIL, CAS Cycling: tNC=tNC MIN.) THM91021L-12 - 270 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 9 rnA 

! (RAS=CAS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM9l021L-S5 - 630 

I ICC6 Average P01>ler Supply Current) CAS Before THM9l021L-10 - 540 rnA 3 
RAS Mode eRAS, CAS Cyc1 ing : tRC=tRC HIN. ) THH9l021L-12 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -90 90 lJA 
(OV;; VIN~ 6.5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 (DOUT is disabled, OV ~ VOUT ~ 5.5V) 20 lJA 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5mA) 2.4 - V 

VOL 
OUTPUT LEVEL 

0.4 V Output "L" Level Voltage (IOUT=4.2rnA) -
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lNMII021: L ~8B~: 1'8, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

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

THM91021L-85 THM91021L-1O THM91021L-12 
SYMBOL PARANETER UNIT NOTES 

MIN. HAX. NIN. HAX. NIN. HAX. 

tRC Random Read or Write Cycle Time 165 - 190 - 220 - ns 
tNC Nibble Mode Cycle Time 40 - llO - 50 - ns 

tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 
t CAC Access Time from CAS - 30 - 35 - 40 ns 8,13 

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

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

tCLZ CAS to Output in Low-Z 5 - 5 - t:: 
..J - ns 8 

tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

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

tRP RAS Precharge Time 70 - 80 - 90 - ns 

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 

tRSH RAS Hold Time 30 - 35 - 40 - ns 

tCSH CAS Hold Time 85 - 100 - 120 . - ns 

tCAS CAS Pulse Width 30 10,000 35 10,000 40 10,000 ns 
t RCD RAS to CAS Delay Time 25 55 25 65 25 80 ns 13 

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

tCRP CAS to RAS Precharge Time 10 - 10 - 10 - ns 
tCPN CAS Precharge Time 15 - 15 - 20 - ns 

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

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

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

tCAR Column Address Hold Time 20 - 20 - 25 - ns 
--

Column Address Hold Time 
65 90 tAR referenced to RAS 

- 75 - - ns 

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

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

tRCH 
Read Command Hold Time 0 0 0 - 10 
referenced to CAS 

- - ns 

tRRH 
Read Command Hold Time 
ref erenced to RAS 0 - 0 - 0 - ns 10 

t WCH Write Command Hold Time 20 - 20 - 25 - ns 

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

-C-208-



THM91 021 L-85, 10, 12 

ELECTRICAL CHARACTERISTICS Mm RECO~1~'1ENDED AC OPERATING CONDITIONS (Continued) 
;-----

THM91021L-l-;! THM91021L-85 THM91021L-IO 
SYl1BOL PARAHETER U~:ITS NOTES 

MIN. NAX. MIN. HAX. MIN. MAX. 
,-' 

twp Write Command Pulse Width 20 - 20 - 25 - nr' 

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

tCHL Write Command to CAS Lead Time 20 - 25 - 30 - ns i 

-----
tDS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 
--

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

tREF Refresh Period - 8 - 8 - 8 ms 

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

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

ns 

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

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

- -

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

t NCAS i Nibble Mod e Pulse ~Jid th 20 - 20 - 25 - ns 

tNcp INibble Mode 
-+--

CAS Precharge Time 10 - 10 - 15 - ns 

tNRSH INibble flode RAS Hold Time I 20 -- 20 - 25 - ns 
--

hlRITE 
tNRWL 

Nihble Mode Command to 
20 20 25 

RAS Lead 
- - - ns 

Time --
tNCWL Nibble Mode WRITE Command to 20 20 25 

CAS Lead 
- - - ns 

Time 

CAPACITANCE (VCC=5V±10%, f==U1Hz, Ta=O'\; 70 C C) 

SYHBOL PARAMETER MIN. M&'Z. UNIT 

Cn Input Capacitance (AO '\; A9, \\1, CAS, RAS) - 60 pF 

CI 2 Input Capacitance (DB, CAS8) - 7 pF 

CDQ I/O Capacitance (DQO '\; DQ7) - 15 pF 

CQ Output Capacitance (Q8) - 10 pF 
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THM9'1 021 L-85,1 0,;12 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. I CCl ' I CC3 ' I CC4 ' ICC6 depend on cycle rate. 

4. I CCl ' ICC4 depend on output loading. Specified values are obtained with the 

output open.' 

5. An initial pause of 200).1s 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 100pF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

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

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet 

as electrical characteristics only. If t\vCS ~ 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 t CAC • 

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 gree,ter than 

the specified tRAD(max.) limit, then access time is controlled by tAA,' 
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THm91 021 L-85, 10, 12 

READ CYCLE 

tRO 

tRP 

VIB -
tRAS 

RAS 
Vn· -

tOSH 

tROD 

VIB 
CAS 

VIL 

tRAD 

VIB 
J..O-A9 COLUM1~ 

\'IL 

l I 

I !LRCH! 

It==- tRRH~ 

VIB 

!~ WRIff !i!LilM LlIII!!1ffi tCAc 
VIL 

! 

VOB 
DOUT OPEN ---------<1 VALID Ill, TA 

VOL, 
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THM8'1021L-85, 10,:.:12 

EARLY WRITE CYCLE 

VIH -­

VIL -

VIH _--~---r+-------------~r-~ 

WRI TE vIE 

VIL 

VIH -

VIL 

tASR 

COL UMN 

t C W:u -----l 
tWCH I 

VALID DATA 

OPEN 

~ "H" or ilL" 
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NIBBLE MODE READ CYCLE 

VIH _----=>I... 
1------=::.::..:.---1 

VIL -

V I H - ---±---Ir--t----:--:i.. 

VIL 

AO~A9 'lIB 

VIL -

VIB -

VIL -

VIH -

V I L -- '-'-~~~.:...k~.J..J 

~IBBLE MODE WRITE CYCLE (EARLY WRITE~ 

VIB - "1o.R 
RAS 

VIL -. 

CAS 
VIH -

VIL -

AO~A9 

VIH 
VIL 

VIR -
-WHITE 

VIL -

VIH -
DIN / 

VIL --

VOH 
DOUT 

VOL 
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THM91021L-85, 10,12 

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

fZZLl: "H" or "L II 



RAS ONLY REFRESH CYCLE 

CAS 

AO~A8 

DOUT 

VlH--------~L ~ __ ----------------t-RA--S------------------~ 
vIL --

VlH --

VlL --

VIH --

'ilL --

VOH -­

VOL-

tASR 

OPEN 

~ "E" or "L" 

NOTE: HRITE="H" or ilL", A9="H" or "L" 
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lHM91 021 L-85,1 0, 12 

CAS BEFORE RAS REFRESH CYCLE 

tRA S 

tCHR 

OPEN 

~ "HI! or "L" 

NOTE: WRITE="H" or "L" ~ AO'V A9="E" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

VIR 
ACJ~A9 

VI L 

WRITE VIH 

VIL 

tRAS 

tRCD 

tRAD 

tAR 

tASR tRAH tAsc 

I 

tRC 

tRP 

tRAS 

t 

tRSH 

tRSH 

tCAH 

I 
I~·RR~ I 

tCAC 

tOFF 

VALID DATA 

~: "H" or "L" 
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THM91021~85, 10, 12 

HIDDEN REFRESH CYCLE (WRITE) 

DOUT OPEN 

~: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

I 
vOH 

DOUT 
vOL 

I WRITE VIH 

L VIL 

~lRITE CYCLE 

DOUT 

tCAC 

OPE H -------I--f--< VALID DATA 

III --~ 
~CH I 

, I 

OPEN 

L 'RVIL F tcwL 
:::=~~_twcs -F-~~ 

L __ • ! __ ~ .. ~ 

:;: =wr~~LrD '"~_~AW~ 

-C-218-



THM91021L-S5, 10, 12 

OUTLINE DRAl:JINGS 

• THM91021L 

Unit in nun 

THE FRONT SIDE 

I" "I T 5 

~CJCJCJCJCJ! , 
~

S9MAX' 
Sa9±o.3 

II -+- 1 J .1 ~ o.o~ o. 

_. '73.66±O.3 

2.54 

THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 
THM91022~85, 10, 12 

\OESCRIPTIONI 
The THM9l022L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 

9 pcs of TC5ll002J on both sides of the printed circuit board. 
The THM9l022L 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 I 
• 1,048,576 words by 9 bits organization 
• Fast access time 

THM9l022L-85 
tRAC RAS Access Time 85ns 
tAA Column Address Access Time 45ns 
tCAC CS Access Time 25ns 
tRC Cycle Time l65ns 
tsc Static Column Mode Cycle Time 50ns 

• Single power supply of 5V±10% 
• Low power 3,465mW MAX. Operating (THM9l022L-85) 

2,97OmW MAX. Operating (THM9l022L-10) 
2,47Sm\.J MAX. Operating (THM9l022L-12) 

49.5mW MAX. Standby 

THM9l022L-10 THM9l022L-12 
lOOns l20ns 

50ns 60ns 
25ns 30ns 

190ns 220ns 
55ns 65ns 

• CS before RAS refresh, RAS only refresh, Hidden refresh, and Static Column Mode 
capability. 

• All inputs and outputs TTL comatible 
• 512 refresh cycles/8ms 
• l2.64mm MAX. Package Height 

jPIN CONNECTION I 0 vce (1) 
(TOP VIEW) crs ( 2) 

~D !il AD 
Al 

0 IXl,1 
A2 
A3 (81 vss (9 
DQ,2 (10 
A4 (ll) 
A5 (12) 
~3 a~~ 0 A7 

!~l ~~4 
A9 
N.C. 
DQ,5 (20) 

0 W (21~ vss (22 
~6 (23~ 
N.C. (24 
LQ,7 (25) 

~ ~~~~ 

0 ~ ~28) 
D8 29) 
vcc (30) 

jPIN NAr~ESI 

AO tV 9 Address Inputs 

DQO tV 7 Data Input/Outpus 

D8 Data Input 

Q8 Data Output 

CS Chip Select Input 

RAS Row Address Strobe 

W Read/Write Input 

CS8 Chip Select Input 

VCC Power (+5V) 
VSS Ground 
N.C. No Connection 
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I BLeOK 0 IAGRA~11 

DQ, 0 

DQ,l 

DQ,2 

DQ, 3 

AO--A9 

RAS 
OS 
CS8 

WRITE 

I 

I 

I 

r 
v 

--"... 

~ 

v 

-
~ 

'"'-

D 

~ AO-A9 
r-f-<: RAS 

r-t- f-<: cs 
r-I-t- f-<: WRITE 

f-H-, 
--I-

I-- D 

~ AO-A9 
t- -<:: RAS 

0-1-- -<:: OS 
1--1-- -<:: WRITE 

~--H--
I-i-I--

r-- D 

~ AO-A9 
l- t-<: RA8 

f-I- t-<: cs 
f-f-I- f-c WRITE 

Hr-
f-I--I--

-D 

r:; AO-A9 
I- k RAS 

>-1-- f-c OS' 
~--I-- f-c WRITE 

H~ 

QU DQ,4 I D QU 
~ AO-A9 

.-1-< RAS 
r-I- k OS 

r-I-I- k WRITE 

t-I1--1 

QU I 
--I-

QU DQ,5 '"' I-- D 

~ AO-A9 
l- f-<: RAS 

~I- f-<: OS 
~I--I- f-<: WRITE 

HI--< 

~U I 
1-,-1-

~ DQ,6 v I-- D 
L-'\ AO-A'>1 

t- ~ RAS 
...... 1- I-< os 

t-I--t- t-<: WRITE 

HI--

QJ I 
-1--1-

QJ DQ, 7 r-- D 
-'\ AO-A9 

f- k RAS 
t-I- ~ OS 

.... 1-1- -< WRITE 

Hr-

D8 V' If-- D Q,~ 
~ AO-A9 

Q,8 

L---..<: RAS 
OS 
WRITE 

~r-: 
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THMBI022L-a5, 10, 12 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1 rv 7 V 1 

Output Voltage VOUT -1 rv 7 V 1 
Power Supply Voltage VCC -1 rv 7 V 1 
Operating Temperature TOPR o rv 70 °c 1 

Storage Temperature TSTG -55 rv 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 

REcm~MENDED DC OPERATING CONDITIONS (Ta=O rv 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 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCc=5V+10%, Ta=Orv70°C) -

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 
OPERATING CURRENT T HM91022L-85 - 630 

ICCI Average Power Supply Operating Current THM910<2L-IO - 540 rnA 3,4 
(RAS, CS, Address Cycling: tRC=tRC MIN. ) THM910<2lr 12 - 450 
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 18 rnA 
(RAS=CS=VIH) 
RAS ONLY REFRESH CURRENT THM91C22lr85 - 630 

ICC3 Average Power Supply Current, RAS Only Mode THM91022L-IO - 540 rnA 3 
(RAS Cycling, CS=VIH: tRC=tRC MIN.) T HM91022lr 12 - 450 
STATIC COLUMN MODE CURRENT THM91022lr85 - 450 

ICC4 Average Power Supply Current, Static Column Mode THM91022lrlO - 360 rnA 3,4 
(RAS=CS=VIH, Address Cycling: tSC=tsc MIN.) THM91022lr 12 - 270 
STANDBY CURRENT 

ICCS Power Supply Standby Current - 9 rnA 
(RAS=CS=VCC-0.2V) 
CAS BEFORE RAS REFRESH CURRENT THM91022L-85 - 630 

ICC6 Average Power Supply Current, CS Before RAS Hode THM91022L-IO - 540 rnA 3 
(RAS, CS Cycling: tRC=tRC MIN.) THM910 22L-l2 - 450 
INPUT LEAKAGE CURRENT 

II(L) Input Lekage Current, any Input -90 90 I1A 
(OV ~ VIN ~ 6. 5V, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 ~A (DOUT is disabled, OV = VOUT = 5.5V) 

VOH OUTPUT LEVEL 2.4 - V 
Output "H" Level Voltage (IOUT=-5mA) 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT=4.2mA) - 0.4 V 
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II 
: I 

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

THM9l022L-85 THM9l022L-lO THM9l022L-12 
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT NOTES 

t RC Random Read or Write Cylce Time 165 - 190 - 220 - ns 
tsc Static Column Mode Cycle Time 50 - 55 - 65 - ns 
tRAC Access Time from RAS - 85 - 100 - 120 ns 8,13 

tCAC Access Time from CS - 25 - 25 - 30 ns 8,13 

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

tCLZ CS to Output in Low-Z 5 - 5 - 5 - ns 8 
tOFF Output Buffer Turn-Off Delay 0 30 0 30 0 35 ns 9 

tAOH 
Output Data Hold Time from 5 - 5 - 5 - ns 
Column Address 

Output Data Enable Time from 
tow WRITE - 30 - 30 - 35 ns 

tWOH 
Output Data Hold Time from 

0 0 0 WRITE - - - ns 

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

tRAS RAS Pulse Width 85 10,000 100 10,000 120 10,000 ns 
RAS Pulse Width 85 100,000 100 100,000 120 100,000 tRASC (Static Column Mode) 

ns 

tRSH CS to RAS Hold Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 85 - 100 - 120 - ns 
tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tcsc CS Pulse Width 25 100,000 
(Static Column Mode) 

25 100,000 30 100,000 ns 

tRCD RAS to CS Delay Time 25 60 25 75 25 90 ns 13 
tRAD RAS to Column Address delay Time 20 40 20 50 20 60 ns 14 
tCRP CS to RAS Precharge Time 10 - 10 - 10 - ns 

tcp CS Precharge Time 10 - 10 - 15 - ns 
(Static Column Mode) 

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

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

t ASC Column Address Set-Up Time 0 - 0 - 0 - ns 

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

65 tAWR referenced to RAS - 75 - 90 - ns 

tAR 
Column Address Hold Time 

100 115 140 
referenced to RAS - - - ns 

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

-C-224-



THM91022L-85, 10, 12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL 
THM91022L-85 THM91022L-10 THM91022L-12 

UNITS NOTES PARAMETER 
MIN. MAX. MIN. MAX. MIN. MAX. 

tAH 
Column Address Hold Time 10 - 10 - 15 - ns 16 
referenced to RAS Rise 

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

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

t RCH Read Command Hold Time 0 - 0 - 0 - ns 10 
referenced to CS 

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

tWH Write Command Hold Time 
0 0 0 12 

(Output Data Disable) - - - ns 

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

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

tWI Write Command Inactive Time 10 - 10 - 15 - ns 
t RWL Write Command to RAS Lead Time 20 - 25 - 30 - ns 
t DS Data-In Set-Up Time 0 - 0 - 0 - ns 11 

I 

I 

tDH Data-In Hold Time 20 - 20 - 25 - ns 11 

tDHR 
Data-In Hold Time referenced 

65 75 90 
to RAS 

- - - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

tws 
Write Command Set-Up Time 0 - 0 - 0 - 12 ns 
(Output Data Disable) 

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 

t CPT 
CS Precharge Time 50 -
(CS before RAS Counter Test) 

50 - 60 - ns 

tCPN CS Precharge Time 15 - 15 - 20 - ns 

CAPAC ITANCE (VCC=5V±10%, f=lMHz, Ta=O'V 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO'V A9, W, CS, RAS) - 60 pF 

CI2 Input Capacitance (D8, CS8) - 7 pF 

CDQ 1/6 Capacitance (DQO 'V DQ7) - 15 pF 
--

CQ Output Capacitance (Q8) - 10 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltage are referenced to Vss. 

3. ICCl, ICC3' ICC4, ICC6 depend on cycle rate. 

4. I CCl ' ICC4 depend on output loading. Specified values are obtained with the 

output open. 

5. An initial pause of 200~s is required after power-up followed by any 8 RAS 

cycles before proper device operation is achieved. In case of using internal 

refresh counter, a minimum of 8 CS 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 100pF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

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

11. These parameters are referenced to CS leading edge. 

12. t ws ' tWH are not restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If tws ~ tws (min.) and tWH ~ tWH 

(min.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) throughout the entire cycles. 

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 exclusively by tAA' 

15. tAB is the condition to latch column address when RAS ahs rised up. 
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THHNG WAVEFORMS 

READ CYCLE 

vIH 
RAS 

vIL 

tRAH 

vIH -
AO-A9 ROW ADDRESS 

VIL -

WRITE CYCLE (EARLY WRITE) 

tRAH 
VIH ROW AO-A9 ADDRESS VIL 

VIH 
OS 

VIL 

WRITE 
VIH -

VIL -

DIN 
VIH -

VIL 

VOH 
DOUT VOL 

Q,PEN 

tRAD 

THM91022L -85, 10, 12 

tRAL 

00 LUMN ADDRE SS 

COLUMN 
ADDRESS 

VALID DATA 

OPEN 

-C-227 -
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STATIC COLUMN MODE READ CYCLE 

AO-A9 

VIH -

VIL -

WRITE VIB­
V I L - "'-'-..t....l...t....l.-'-I.....t-I.:.....L...,"",-,'-' 

DOUT 

tsc 

COLUMN 
ADDRESS 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

AO-A9 
VIL -

os VIH -

V IL -

'1IH -
WRITE 

VIL-

DIN 
VIH -

VlL -

DOUT 
VOH -

OPEN 
VOL -
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THM91022L-85, 10, 12 

RAS ONLY REFRESH CYCLE 

RAS 
VIH-- tRAS 

VIL --

tCRP 

CS 
VIH-

V1L --

V IH -- -'--""'-"!'""7"-r-T-'-'""T"'1'""'1""",""" ..r----~ rr"7/"....,....,~'7""T'"7/"....,....,""7"":'"7""rr"l7'l 

VIL --~~~~~~~~ ~~ ________ ~ ~~~~~~~~~~~~ 

VOH-

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

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

CS BEFORE RAS REFRESH CYCLE 

-
tRP 

RAS 
v1H -

vIL --

tRAS --..If- '\ 
J 

tRPC I 

C8 vIH-

v 1L -

tCPN 
I tCSR tCHR I ;'- 'i l' - I 

tOFF 

vOH 
DOUT 

vOL -- V OPEN 

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

-C-229-



HIDDEN REFRESH CYCLE (READ) 

V1H -
RAS 

VIL 

CS 
V1H -

VIL -

V1H-
AO-A9 

VIL -

WRITE 
VIH -

VIL -

VOH -
DOUT 

VOL - tCLZ 

HIDDEN REFRESH CYCLE (WRITE) 

VIH -

VIL -

COLUMN ADDRES S 

tCAC 

V IH - ---::!:-+-+----:i. 

VIL 

VIH 
AO-A9 

VIL -

WRITE: 
VIH -

VIL 

V1H -
DIN 

V IL 

DOUT 
VOH -

VOL -
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THM91022~85, 10, 12 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRAS 

VIH _----.I tRSH 

\TIL -

tCHR tCB 

AO-A9 COLUMN ADDRESS 

READ CYCLE 

I ~U1 
I 
I WRITE 

L 
I,JRITE CYCLE 

tRWL II J 
DOUT OPEN I I I 

VOL -
tCWL I 

. 

t~ 
l 

tv,,"H 
! I-twp i 

~ : "H" or "L" 
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THm8'022L~85, 10, 12 

OUTLINE DRAWINGS 

• THM91022L Unit in nun 

THE FRONT SIDE 

I as.h. '\ IL::I;:~I 

(!:;CJCJCJCJCJI 0fJ 
2.54 .iI.o. 5 ±o.05 

'73.66±o.3 

THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 
THM362500S-S5, 10, 12 

DESCRIPTION 

The THM362500S is a 262,144 words by 36 bits dynamic RAM module which assembled 
8 pcs of TC511000J and 4pcs of Tl1M41256AT on the printed circuit board. 

The THM362500S 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 I 
262,144 Words by 36 bits organization 
Fast access time 

THM362500S-85 THM362500S-10 THM362500S-12 

tRAC RAS Access Time 85ns 

tAA Column Address Access Time I 45ns 

tCAC CAS Access Time 45ns 

tRC Cycle Time I 165ns 

tPC Fast Page Mode Cycle Time 70ns 

Single power supply of 5V ± 5% 
Low power 5,280mW MAX. Operating. (THt1362500S-85) 

4,620mW MAX. Operating (THM362500S-10) 
3,960mW MAX. Operating (THt1362500S-12) 

154mW M&{. Standby 

lOOns 120ns 

50ns 60ns 

5t>ns GOns 

190ns 220ns 

t5ns tD~ns 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

All inputs and outputs TTL compatible 
512 refresh cycle/4ms 

I PIN CONNECTION I (TOP VIEW) 

1 V .. ,. 13 I Al 25 DQH 31 I DQl1 49 OQ9 

2 DQO 141 1.2 26 DQ7 38 DQ35 50 DQ27 

3 DQ18 15 I 1.3 27 I DQ25 39 v .... ll1 I DQ10 

4 DQl 16 I U 28 1.1 40 CASO 52 DQ28 

5 DQ19 171 1.5 29 MC 41 CAS 2 53 DQ11 

6 DQ2 18 1 1.6 30 Vee 42 CAS3 54 DQ29 

1 I OQ20 19 I lie 31 1.8 43 CASI 55 1 DQ12 

8 : CQ3 20 ! OQ4 32 lie "I RASO 56 I DQ30 

9 I CQ21 21 ! DQ22 33 lie 45 I lie 57 I DQ13 

10 I Vee 22 I OQS 34 RAS2 46 lie 56 1 DQ31 

111 lie 23 I OQ23 35 OQ26 H W 59 I Vee 

12 1 1.0 241 OQ5 36 DQS 48 lie 50 I DQ32 

U 

62 

63 

64 

615 

66 

67 

68 

69 

10 I 
11 

12 
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PIN NAME 

AD-A8 Aclare .... Input .. 

DQO-DQ35 Data Input /Outputs 

CASO - CASJ CoIUlln Addre .. _ Strobe 

RASO. RAS2 Row Acldre_s at robe 

W Reacl/Write Input 

Vee 
DQH 

Power (+IiV) 

Vaa Ground 
DQ33 

MC 110 Connection 
DQ15 

PDO - P03 Presence Detect 
DQ34 

DQa 

IIC -as -10 -12 

PDO POC GilD GIlD GIlD 

POI POI MC Me lie 

PD2 PD2 HC GIlD IIC 

PD3 P03 GIlD GIlD MC 

lie 

V,.,. 

I 

I 



IBLOCK DIAGRAt11 

~o 
RAS 0 -

CAS 1 

CAS 2 

RAS 2 

CAS 3 

AD - A8 

'" 

0 

.., 

-

CAS 
RAS tr£ 

~ CAS 
RAS 

t=~ 

'=1 CAS 
.,RAS 

CAS 

"RAS 
.rOE 
~c CAS 

RAS 

tOE 
L-j CAS 

'1 RAS 

T ... CAS 
-v RAS 

.rOE 
.~ CAS 

~ RAS 

t·rti 
yCAS 

., RAS 

"" CAS 
'" RAS tOE 
~ CAS 

."" RAS 

tOE 
yeAS 

RAS "'1 

MO 
W AD-6 

T I 
M1 

w AO-S 

r I 
M2_ 

w AQ-S 

T I 
M3 

Vi AD-a 

T I 
MLL 

W AO-B 

Y I 
M5 

W AQ-8 

r I 
M6 

w AQ-8 

T I 
M7 

W AO-B 

T ! 

M8 -'N AD-a 

r I 
M9 

Vi M-S 

r I 
MiD 

ii AQ-8 

1 I 
Mll_ AQ-S w 

I 

I/O 1 
110 2 
1103 
110 4 

110 1 
110 2 
110 3 
110 4 

Din I 
Oout ~ 

1101 
110 2 
1/0 3 
1104 

T/O' 
1102 
I/O :3 
I104 

Din f--r 
Clout 

1101 
1102 
1103 
1104 

110 1 
110 2 
1103 
110 4 

Din f--r 
Oout 

1/0 1 

v 
·V 

-v 

'" 

'" 
;;;. 

~ 

-
-
-
v 

v 

--

-'" 
~ 

-0 

~ 

DO 0 
DO 1 
00 2 
DO 3 

DO 4 
DO 5 
00 6 
DO 7 

DO 8 

DO 9 
00 10 
DO 11 
OQ 12 

00 13 
00 14 
DO 15 
DO 16 

00 17 

00 18 
00 19 
DO 20 
DO 21 

00 22 
DO 23 
DO 24 
00 25 

DO 26 

1102 
1/0 3 ~~ 

DQ 27 
DO 28 
DO 29 
DO '0 liD 4 

TlOl -
1/0 2 
I/O 3 
I1001 ~ 

Din I -
Oout~ 

DO 3S 

vec o>-----------:r--. ------b>i> no - 11 
-r- CO - 11 

vss o~----------<~t_-----t> no - 11 
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THM362600S-86, lO,12~ 
ABSOLUTE MAXIMUM RATINGS 

ITE~ SYM,BOL 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 Te~perature TOPR 0"" 70 °c 1 
Storage Te=?erature TSTG -55 "" 125 °c 1 
Soldering Te=pe~ature • Time I TSOLDER 260 • 10 °c • sec 1 
Power Dissipation PD 7.2- W 1 
Short Circuit Output Current lOUT 50 rnA 1 

REcm'lMENDED DC OPERATI NG CONDITIONS (Tc=O "" 70°C) 

SYHBOL I PA~1ETER I MIN. TYP. I MA~,{. UNIT NOTES 
VCC I Supply Voltage I 4.75 5.0 I 5.25 V 2 
VIH I Input High Voltage I 2.4 - I 6.5 V 2 
VIL I Input Low Voltage I -1. 0 - I 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vec=5V ± 5%. Te=O ...... 70·C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

C?!RATING CURRENT THM362500S-85 - 960 

ICCl A'Jerage Power Supply Operating Current THM362500S-10 I - 840 l:IA 3,4 

(~. CAS. Address Cycling: tRC=tRC MIN,) I THM362500S-12 - I 720 

I ""!;03", enREll! 

I I 
ICC:;: p~r Supply Standby Current - 36 r.A 

(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT I THM362500S-85 - 960 

ICC3 Average Power Supply Current, RAS Only Mode THM362500S-10 - 840 mA 3 

(RAS Cycling, CAS=VIH: tRCatRC MIN,) THM362500S-12 - 720 

FAST PAGE MODE CURRENT THM362500S-8S - 750 

ICC4 Average Power Supply Current, Fast Page Mode THM362500S-10 - 655 I mA 3,4 

(RAS=VIL, CAS Address Cycling: tPC=tPC MIN.) THM362'500S-12 - S60 

STANDEY CURRENT 

ICCS Power Supply Standby Current - 28 mA 

(RAS=CAS=VCC-O.2V) 

CAS BEFORE RAS REFRESH CURRENT THM362S00S-8S - 960 

ICe6 Average Power Supply Current, CAS Before RAS THM362500S-10 - 840 mA 3 

Mode (RAS, CAS Cycling: tRC=tRC MIN. ) THM362500S-12 - 720 

INPUT LEAKAGE CURRENT 

n(L) Input Leakage Current, any Input -10 10 pA 
(OV ~ VIN &. 6. 5V , All Other Pins not under Test-OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 10 pA 
(DOuT is disabled, OV ~ VOUT ~ 5 . 2 5V) 

VOH I Cu7PuT LEVEL 2.4 V 

I -
Output "H" Level Voltage (IOUT=-5l:1A) 

VOL OUTPUT LEVEL 0.4 V -
Output ilL" Level Voltage (IOUT=4.2mA) 
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"""~~e0i,e: ; e ee'e ~'~~;"':"~~'e:':":"""."'e"';:"'!!:~''''''''~''·:''e~''':'''·~'':·~~~:~:;ojo~e~·~'~e·::'::~:~:~:'~~::'~'~'"\'"'~'''''''·~:''''''''''''e~!''.''._"_":"~""'''''_'.:::''::':!!'!) ""!!;"""::'~'''''!!''''J''!!I::::''!';'! "::"!"""::' """""":"'"""':'''~'':'''''''''''!'e''''''''''''~!.!':""!""".""""""''''''':''''''!,~""e", 
l,.,',:<"N '>"'~~i""'",' ~~c,co 3':'~ 

, :,:,~co,," '~ " 0' 

,1 ' ,,' , 

: JR:,,8'2&80S·85;l8~';'''':2' 

ELECTRICAL CHARAC~ERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V::5%, Tc=Orv70oC) (Notes 5,6,7) 

SYMBOL I PARAMETER ~HM362500S-B5 /THM362500S-10 ~HM362500S-12 UNITS NOTES I 
MIN. MAX. I MIN. I MAX. MIN. MAX. I I 

tRC I Random Read or Write Cycle I 165 
1

190 
I 

I 220 
1 

I - - - ns 
I Tine I I \ 

tPC I Fast Page Mode Cycle Time I 70 - I 85 I - I 105 I - ns I 
tRAC I Access Tine from RAS - I 85 I - I 100 - 120 ns I 8,13 I 
tCAC I Access Time from CAS - 40 I - I 50 - 60 ns 8,13 I 
tAA I Access Ti::1e from Column 45 

1 I 50 60 8,14 I - - - ns 
j Address I I I I 

tCPA I Access Time from CAS 45 I 50 65 I 6 I - - - ns 
Prec!1arge 

tCLZ I CAS to Output in Low-Z 5 - I 5 I - 5 - ns I 6 I 
tOFF ! Output Buf:er Turn-off Delay a 25 ! a I 25 a 30 I ns I 9 I 
tT I Transition Time 

I 3 30 
\ 

3 30 
I 

3 I 30 I 1 \ ns 
(Rise and Fall) I ! 

tRP I R.:"S Prec!1arge Time I 10 I - I 80 I - I 90 I - I ns I i 
tRAS I RAS Pulse Wid":h I 65 I 16,000 I 100 I 16,000 I 120 I 16,000 I ns I I I i 

tRAS? I R_~_S P'.llse width 85 100,000 100 1100 ,000 I 120 1100 ,000 I I ns 
(Fast Page Mode) I 

tRSH I RAS Hold Time I 40 I - I 50 I - I 6'0 - ns I 
tCSH I ~ Hold Time 65 - 100 - 120 - ns 

tCAS CAS Pulse Width 40 10,000 50 10,000 60 10,000 ns 

tRCD I RAS to CAS Delay Time 25 45 25 50 25 60 ns 13 

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

tCRP I CA5" to ltAS Precharge Time 10 - 10 - 10 - ns 

tCP C~S Precharge Time 20 - 25 - 35 - ns 
(Fast Page Mode) 

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

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

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

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

tAR I Column Address Hold Time 65 - 75 - 90 - ns 
referenced to RAS 

tRAL I Colu.:m Address to RAS Lead 45 - I 50 I - 60 - ns I I Ti::le 

tRCS Read Comnand Set-Up time a - I a I - 0 - ns I 
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THM362500S-85, 10, 12 
- ~------

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continue::d) 

SYNBOL! 
TlIH362 SOOS-85 THH36Z500S-10 HIH36ZS00S-12 U~ITS1NOTES FARM-!ETER 
HIN. HAX. HIN. HAX. HIN. HAX. 

tRCH I Read Co~~and Hold Time 0 - I 0 - 0 - ns I 10 

Read CO~'l1and Hold Time 10 
I 

10 tRRH referenced to RAS - 10 - 15 - ns 

t\~CH \~rite Command Hold Time 20 - 20 - 20 - I ns I 
\~ri te Coornand Hold Time 

65 75 
I t\~CR referenced RAS - - 90 - ns to 

twp I \"'rite Command Pulse {vidth 20 - 20 - 25 I - I ns 

tR1·JL 
\ '.'I~ite Command to RAS Lead 20 25 30 

\ 
- - - ns 

T:L:::e 

tCWL I \~ri te Command to CAS Lead 
20 25 30 

Time - - - ns 

tDS Data Set-Up Time 0 I - 0 - 0 - ns 11 

tDH Data Hold Time 20 - 20 - 25 - ns 11 

tm-::R 
!Data Hold Time referenced to 

65 75 90 
I I R.~.S 

- - - ns 

tREF \Refresh Period - 4 - 4 - 4 os I 
tl.]CS I \:r~ t e Corn:::and Set-Up Time a - I a - 0 - I ns I 12 

tCS?, 
ICeS Set-Cp Time 

10 
\ 

-
\ 

10 - 10 -
\ 

ns 
i C:'.:,S before R.~S Cycle) I 

, r' c: Eold Time i 

\ 

I 

tCER 
\.... .. -....... 30 - i 

30 - 30 - r.,S 
\ i (G·.S before RAS Cycle) 

tRPC 1R}.s to CAS Prechargc Time a - 0 - 0 - I ns 

t CPT 
ICAS Precharge Time (CAS-t:e~--' 50 - 50 - 60 - ns 
fore RAS Counter Test Cycle) 

tcp:~ ICAS Precharge Time 15 - 15 - 20 - ns 

CAPACITANCE (VCC=5V ± 5%, f=lMHz, Tc=O-70oC) 

SYMBOL I PARAMETER MIN. MAX. UNIT 

CIl Input Capacitance (AO -A8) - 88 pF 

CI2 Input Capacitance (W) - 84- pF 

CI3 Input Capacitance (RASO • RA5'2) - 42. pF 

CI4 Input Capacitance (CASO -CAS3) - 36 pF 

CDQl I/O Capacitance (DQO -7,.Q-J6,JS "'25.27"-34) - 17 pF 

ctQ2. 1/0 Capac i tance (1;Q8,(7,2.6,35) - 22 pF 
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NOTES: 

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

2. All voltages are referenced to VSS' 

3. 1CCl, ICC3, 1CC4, 1CC6 depend on cycle rate. 

4. ICCl' 1CC4 depend on output loadi~g. Specified values are obtained with thL 
output open. 

5. An initial pause of 200~s is required after power-up followed by 8 RA3 cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before ~initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measure~ents 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. ton- (::::a:-:.) def ines the t i:::e at ,.]hieh the out!=lu t achieves the 0 pen c irc ui t 
condition anc is not referenced to output voltage levels. 

10. Either tRC2 or t~~H ~ust be satisfied for a read cycle. 

11. These paraneters 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(rnax.) 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 CYCLE 

V_e. 
J.;: 

"tl_~ 

7i?::~ --­
VIL 

THI362500S-85, .. 10, 12 

t:::c 

l~ 

I ~\ -----------tC-SE-·---------I--~~ 

t elP !: ;.-. ----=:?..;.::,.:.CJ:....---,---:-I __ t:...:..;.;:.::;,,;;.;;.-E _I ~I , IteR" I 

J \ t= ',AR f i tR~Y'----1"":'--1-
t AS P. ! t";< ~ :: I k;sc I ! t: .!.E I l 
-1-1 II -i -I ;----! I 

~ ~m' ~~CC)--:.:;:.~--~; -W////////1/10~///>!I/// 
I' \ 
I I I 

i I:; :=.:S! ~ _t..:....:::?_=..::;;,..E __ I 

I i I I I! 

d&@;///////( t,~ _r. I \ ~ 
, ______ ~~ _____ ;t_s:._z~I~1 ;QFFI 
r- tRAC . 

----- OP:S!l ------~--_-V-AL-I-D-D-A-T-A -~f-

~:"H".or "L" 
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L~RLY WRITE CYCLE 

I 
tRAS .l I 

-\ V -IL .... ..., 

t CRP 
";;~<::) t RSH 

TI tCSH I 

I F teAs 

J I 
-1\ \~ V 1 

':.!_'Q. I 
\ I tFJ..D I ·1 I tRAL 

AO-Ai :~: = ~ F.071 !@>C COLUM~l WI////II///////II/!// 

t AS? ItRAH I 1:.:..3': 1 I tc.!_~ I 
I I 

I 

I-I II I I 
, , , . 

, I I ";;:7r . 

";;7;::=. i ! I 
~"l'-'" 1 I t.,,_~ I I 

WF.':' ::~ = !j/////////;;j;j)[ i : ~,.? l1)/I////////////; 
-- I I I t RWL I 

tD~! ~ 
~~~~ ~~~""""-'--'-"""""';--:-:-r-:--7 

VALID DA"ZA i 
t~H.R 

VOH - OPEN ------DOUT -------
VOL -

PI ;J : · H" or • L' 
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THI3625008-85, 10, 12 

FAST PAGE MODE READ CYCLE 

vIE 
R.n.S 

VIL 

t,cR? 

CAS 
vIR 

VIL 

t ASR 

V:? 
-II 

AC-Ag 
"f.,'~ __ 

I ~ ____ t_~_.,~~I~r i 
• t~.SC \ 'I kAHI t.;:;::i "tC.A.P. 

\ I II I r -I 
~----~ ~----~ 

/?II<I//I/ 
I i ----- r I I 

I 

1 :;=.::: I 

I ~?.?~ 
! 

'-::--::- ' . v-;::: ..... ':" ~ '; ..... :; 

-"--~ 
! ; 

i~-
----. .. __ .. -

~o,c i ' 
t .A.A I I I ;......--=-:1 t r_:::..:.........!. --....; 

I I \ tePA 

~--------~~I--~ 
t?A8 

v::. 

Dour 

Vila: IHI or ILl 
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FAST PAGE HODE ~IRITE CYCLE (EARLY t..'RITE) 

VOH - -------------------- OPEN 
vOL -

via: 'a' or 'L' 

-C-242 -



RASONLY REFRESH CYCLE 

I i 
tpu\s 

vIR 
~ F-;3 

vII .. 

tc:RP, 

I 
CAS 

vI:: 

-J i v:: 

I I t?,_~_~ -: . .!..S?~ ! 

I-I \I 
i 
! -- -3{ --- I, " :r-...,." .:".:-·:'·2 -,'>' , 

DOu! ----------- OPEtl ---------------

or 'L' 

Note: HRITE="H" or "L" 
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HIDDEN REFRESH CYCLE (HRITE) 

tRC 

tRAS 

VI3 
R.A8 

VIL 

tCRP t RCD tRSH n 
vIR -

CAS 
Vn -

tAR 

tRAD , 

«~~/ 1111/;1j111!11!11/11/11/; 
\ , 

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

E22ZJ : I H" or "L" 
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THM362500S-85, 10, 12 

HIDDEN REFRESH CYCLE (READ) 

t "l.C 

tRAS I 
t RP tRAS 

-"" I \ .... 

'tC!\P t RCD 1 t!\SH tCHR 

Ii I , 
VIR - J I i\ V 

tRAD 'tP.AL 

t f..R I I I 
"AS? 1 FR..~F. t ASC I I I tCAH I , ,-

1 1 I I I 1 

::~ =W{ ROW 'J2@;{ C'W'O; fo/IIIIIIIIIIIIIIIIIIIIL//11/; 
-- i I I I I 

I ~,: I 
I ";=.~\ 

\ I i I : ?:~~I 

::~: - IIIIIIII/ii/! I I t
OAC 

VIIIIIIII/i/i//?/i/ii/; 
\ ItAA I 
I I I itOFF I tRAC _____ ~IW~ ________ I~! ~ VALID DATA ~ 

'tCLZ \ ! 
I , 

~: "H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

tRAS 

:: ~------~)~--------------

e;/~1 : 'H" or 'L' 

Note: WRITE="H" or "L", AO "I..A8="H" or "L" 
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THI362500S-85, 10, 12 

CAS BEFORS RAS REFRESH COUNTER TEST CYCLE 

tRf--AS -.=..:=-.---~ 
~s ::: - ~SR~ tCeR ,t

CPT 
:::: I 

c . .:,.s v:? - I 1.--1 ---I I----=-:..:.:...-~ ~I ---

"i-- -

- - I I ItAse I tCA:! 1 I 
I i I 

Ao-Aa ::: -1////21/;"////// 2M COL",'" f7b~! /;~/l/~! /~!/ /~11---:-1//-'--'-// 
I I I tCAe I 'RAL II I I 
! IIt,~ I ,~ ::: =--- OP::!l---~II_~ VALID DATA J>----

I tECS I ~8:'::: 1 \ I I t:.S 
I I I . I 

READ CYCLE 

7.:.: Co =:~ = I/////////////I///! I ! Iteec ~ 
\.:1'.1'1:: CY·::L::: I! 

1 .::: - I i I 
_ .• _ OPEN ----

... -.- -- I i t:::7;!. I i 
l_ ! 1 :CWL ! 
L "7/::::S I I "WCH I 

::~ 'lij//I;I//II/;i//M : :tWP 3J}//I///I///////; 
_.. I t

Ds 
I I t DE I' 

::: _'1///1 dll////~ VALID 'DATA :Wz;// /1/////;1//;, ~'11 
E223 : "H" or "L" 
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IHMa826Des-al, le, l2 

OUTLINE DRA~JINGS 

Unit in mrn 

~~~_~ ______________ ~1=Ol~.19~:O~.13~ ____________ ~?I! 
R 1.57:0.1)5 2-3.1e!O.I~ 

95.25:0.C5 

{'lE. TAl L OF CONTACTS 

<I I I 21 

xl wrnD' ~I I i'j 

~ • I ~l 
--.-t I I ~ 

t w:n::: 104 l.JW3 
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Static RAMs 





- 0-1 -



- 0-2 -



TOSHIBAMoS MEMORY PRODUCTS 
8,192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

TMM2063P-10, TMM2063P-12 
TMM2063P-15 

The TMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8, 192 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CSl is a logical high or CS2 is a logical 
low, the device is placed in a low power standby 

• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max.) (Max.) (Max.) 

TMM2063P-10 100ns 80mA 10mA 

TMM2063P-12 120ns 80mA 10mA 

TMM2063P-15 150ns 80mA 10mA 

• High Density Assembly Capability: 0.3 inch 
width package (28 pin plastic DIP) 

N.C. 1 VCC 
A12 2 WE 

A7 3 CS2 
Ao 4- AS 
A5 b AI) 
A4- 0 All 
A3 7 OE 
A2 8 Ala 
Al \) :w CSl 
AlJ 10 11) 1/08 

1/01 11 18 1/07 
1/02 1;:; 17 1/00 
1/03 13 16 1/05 

GND 14 15 1/04 

SYMBOL NAME 

Ao-A4 Column Address Inputs 

A5-A12 Row Address Inputs 

CSl, CS2 Chip Select Inputs 

WE Write Enable Input 

IIQ1-I/OS. Data Input/Output 

OE Output Enable Input 

Vee Power (+5V) 

GND Ground 

N. C. No Connection 

mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS1, CS2 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TIL Compatible 
• Inputs Protected: All inputs have protection 

against static charge 

A5 o-+--a::::I:::::J 
A6o--+--a::::::::C::::J 
A 7 o-+--tlE:+=:::J 
AS o-+--a::::::r:::::J 
A9 o--+--a:::::I::......I 

AIO o-+--a::::::::r::::::J 
All o-+--a::::I::::J 
A12 o-+--a:::I:::::J 

1/01 o---+---t 

I/OSW 

)-4~-_C. 

D-3 -

MEMORY e ELL 

ARRAY 

25 6x 3 2x S 

(65536) 

--0 Vee 

--0 OND 



SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5-7.0 V 

VIN, VOUT Input/Output Voltage -0.5*-7.0 V 

TOPR Operating Temperature 0-70 'C 

TSTG Storage Temperature -55-150 'C 

TsoLoER Soldering Temperature· Time 260·10 'C'sec 

Po Power Dissipation (Ta = 70'C) 0.8 W 

* - 3. OV at Pulse width 50ns 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee-+- 1.0 V 

VIL Input Low Voltage -0.5** - 0.8 V 

Vee Supply Voltage 4.5 5.0 5.5 V 

tc * - 3. OV at Pulse width 50ns 

IA~i~~iJ~BI$f~~$.I (Ta=0-70'C, Vec=5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

ilL Input Leakage Current VIN=OV-5.5V -10 - 10 J.lA 

VOH Output High Voltage louT= -1 .0mA 2.4 - - V 

VOL Output Low Voltage louT=2.1 mA - - 0.4 V 

CS,=VIH or CS2 =VIL or 
ILO Output Leakage Current WE=VIL or OE=VIH, -10 - 10 J.lA 

VouT=OV-5.5V 

ISBP Peak Power-on Current 
CS, =Vec, CS2 =OV 

- -- 20 mA 
louT=OmA 

ISB Standby Current 
CS, =VIH or CS2 =VIL, 

- - 10 mA 
louT=OmA 

Icc Operating Current 
CS, =VIL, CS2=VIH, 

- - 80 mA 
louT=OmA 

(Ta=25'C, f= 1 .0MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 pF 

COUT Output Capacitance VIN=OV 10 pF 

* * * Note: This parameter IS periodically sampled and IS not 100% tested. 
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TMM2063P-l0, TMM2063~12 
TMM2063P-15 

(Ta=0-70'C. Vcc=5V±10%) 

Read Cycle 

TM M2063P-l 0 TMM2063P-12 TMM2063P-15 
SYMBOL PARAMETER UNIT 

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

tRC Read Cycle Time 100 - 120 - 150 -

tAcc Address Access Time - 100 - 120 -- 150 

teOl CSl Access Time - 100 - 120 - 150 

tC02 CS2 Access Time - 100 - 120 - 150 

tOE OE Access Time - 40 - 50 - 60 

tOH Output Data Hold Time from Address Change 10 - 10 - 10 -
ns 

tClZ CSl or CS2 to Output in Low-Z 10 - 10 - 10 -

teHZ CSl or CS2 to Output in High-Z - 40 - 40 - 55 

tOlZ OE to Output in Low-Z 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 50 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tPD Chip Deselection to Power Down Time - 50 - 60 - 60 

Write Cycle 

TMM2063P-l0 TMM2063P-12 TMM2063P-15 
SYMBOL PARAMETER UNIT 

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

twc Write Cycle Time 100 - 120 - 150 -

tew Chip Selection to End of Write 80 - 100 - 120 -

tAs Address Set Up Time 10 - 10 - 10 -
twp Write Pulse Width 70 - 85 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

tWlZ WE to Output in Low-Z 5 - 5 - 5 -

tWHZ WE to Output in High-Z - 30 - 35 - 40 

Input Pulse Levels VIH=2.2V. Vll=O.6V 

Input Rise and Fall Time 10ns 

Input and Output Reference Levels 1.5V 

Output Load 1 TIL Gate & Cl= 100pF 
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'<' ' 

TMM2e_.Pil,o,tM •• ~tt: " 
TMM2083P~ 1& 

• READ CYCLE (1) 

ADDRESSES 

CS2 

HIGH 

DOUT IMPEDANCE 

• WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

CS2 

DOUT 

OUTPUT DATA VALID 

two 

tow 

tcw 

tWHZ(5} 

HIGH 
IMPEDANCE 

tDS 

DATA IN STABLE 
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• WRITE CYCLE 2 (4) (CS 1 Controlled Write) 

ADDRESSES 

CS2 

DOUT 

two 

tcw 

tWHZ(5) 

TMM2863P-l0, TMM2863P-12 
TMM2863P-15 

HIGH IMPEDANCE 

DATA IN STABLE 

SUPPLY ICC - - - - - -- - - - - - - - - - - - - r----------
tpu 9'-tPD 

____ • ___ _ 
CURRENT ISB --_______ ..JJ 

• WRITE CYCLE 3 (4) (CS2 Controlled Write) 
twc 

ADDRESSES 

WE 

tow 
OS2 

tcw 

tvmz(5) 

HIGH IllPEDANCE 
DOUT 

DATA IN STABLE . 
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Note: 
1. WE is High for Read Cycle. 
2. Assuming that CS, Low transition or CS2 High transition occurs coincident with or after WE Low transition, Outputs 

remain in a high impedance state. 
3. Assuming that CS, High transition or CS2 Low transition occurs coincident with or prior to WE High transition, 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 
5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tCll, tOll, twlZ .. ······ .. ··· .. Output Enable Time 
(B) tCHZ, tOHZ, twHZ .......... · .... Output Disable Time 

~ 

WE,CS2 

5V 

..., 
DOOT o--..... --~ 

(A) (B) 

.1' I 

4O.15V 
1\:'"'i0.15V 

HIGH IMPEDANCE ~ HIGH 
.lqO.15V IL.-L-O.15V 

DoUT 

" t 

Fig. 1 Output load condition for enable disable time measurement. 

28 27 26 25 2~ 23 22 21 20 19 18 17 16 Unit: DID 

1 2 3 ~ 5 6 7 8 9 10 11 12 13 U 

35.5 MAX 

7.62:t:O.25 

2.5~:t:O.25 

0.5:t:O.15 

1.8 ItO 

1.0 ItO 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 

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

©Aug.. 1985 Toshiba Corporation 
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DESCRI PTION 

·~·-·-:::·~"'·o~~·<·~"~·-:~'·:~~'::-;'-~"'"~'"7''::"'"f'7':''·~-.. -., .-~~~:~"~~~~:-=: ;::;:7-':-~~"~·":-

,,~ " ': ~~ >:,; x p; ~ 

"·PB'IIDlf 
? ~ ~, : 

TMM2063AP-70, TMM2063AP-l0 
TMM2063AP-12 

The T~~12063AP is a 65,536 bits high speed and low power static random access 
memory organized as 8,192 words by 8 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 70ns/100ns/120ns and maximum operating current 
of 80mA. When CSl is logical high or CS2 is a logical low, the device is placed in 
a low power standby mode in which maximum standby current is lOrnA. Thus the T~2063AP 
is most suitable for use ill microcomputer peripheral memory where the low power ap­
plications are required, moreover, suitable for use in high density assembly as 0.3 
inch width package is use for. The T~2063AP is fabricated with ion implanted N 
channel silicon gate MOS technology for high preforrnance and high reliability. 

FEATURES 

• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max. ) (Max. ) (Hax. ) 
TMM2063AP-70 70ns 8 a rnA lOrnA 

THM2063AP-10 lOOns 8 a rnA lOrnA 
TMM2063AP-12 l20ns BarnA lOrnA 

• High Density Assembly Capability: 
0.3 inch width package 
(28 pins plastic DIP) 

PIN CONNECTION 
];.c. Vc·:; 
A12 WE 

A7 CS2 
A6 A8 
A5 A9 
A4 All 
A3 OE 
A2 AIO 
Al CSl 
i,O 1/08 

L ~Ol 1.'07 
1 "0<: 1/06 
I 0:; 1/05 

JND 1/04 

PIN NN1ES 

SYMBOL NAME 
AO rvA4 Column Address Inputs 
A5 rv A12 Row Address Inputs 
CS1, CS2 Chip Select Inputs 
HE Write Enable Input 
1/01 rv 1/08 Data Input/Output 

OE Output Enable Input 
VCC Power (+5V) 
GND Ground 
N.C. No Connection 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS1, CS2 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TTL 

Compatible 
• Inputs Protected: All inputs have 

protection against 
static charge. 

BLOCK DIAGRAf'·1 

CLOCK 
GENERATOR 

A5 

A 6 o--+--N"" ::---r~--' 
A 7 o---+-~~~""-~t-----, ::=t= 
A 8 o---+-~ .. L:L:::r::::::J 
A90-~~ 

Al 0 o---+-~~L:L::rI-----:J 
0<>--1--

Cfl 
Cfl 
[iJ 
~ 
r=lD:; 
r=lriI 
-o;r=I 

0 
~o 
O[iJ 
D:;r=I 

I--

I--

PRECHARGE 
CIRCUIT 

MEMORY CE,LL 

ARRAY 

256X32X8 

(65536) 

~VCC 

---0 GND 

All o---+-~!:.-~:r:-=::::J 
A 12 <.>o---+--I .. -:::r-::r=::::J .. 

-' -~~E--~---Jt n ~ 
~/Ol o----==---...r-H..,::±~:::f ......... ------""--,~ U :::'-

) ~ ~ SENSE AMP t-~i1::'-

( ~ ~ rT~I-C-O-L-U-M-N-D-E-C-O-DE-R-n 1 L....{~~f--~ III 
I,/08o--~~.....--I Clo n I I I I " ~ 

~ H 4;1 ~ ~~ ~~ H -;: 
C 

CE AO Al A2 A3 A4 

WRo-~-_r::g=)_.(1 

OE ~r---------------------~ 
CS2 ~ 
CSI CE 
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'",:':";';~~~:~: '~'~~~0~::~J~3:c0,,?";~;~'7':1::;:'~'~~~~:~'\z~7'" 
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,e, 

".u.;.{' 
MAXUMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -0.5 'U7.0 V 

VIN, VOUT Input Output Voltage -.0.5*~7 .0 V 

Topr. Operating Temperature o 'U 70 °c 

Tstg. Storage Temperature -55 'U 150 °c 

Tsolder Soldering Temperature . Time 260 . 10 °C·sec 
PD Power Dissipation (Ta=70°C) 0.8 W 

*1 -3.0V at pulse width SOns 

D.C. RECOMMENDED OPERATING CONDITION (Ta=O 'U70°C) 

SYMBOL PARAHETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCC+1.0 V 

VIL Input Low Voltage -0.5"'2 - 0.8 V 

VCC Supply Voltage 4.5 5.0 5.5 V 

*2 -3.0V at pulse width SOns 

D.C. CHARACTERISTICS (Ta=O 'U70°C, Vcc=5.0V±10%) 

SYMBOL PARAI'1ETER CONDITIONS ~fIN . TYP. HAX. UNIT 

IlL Input Leakage Current VIN=OV 'U 5. 5v -10 - 10 )JA 

VOH Output High Voltage IOUT=-1.0rnA 2.4 - - V 

VOL Cutput Low Voltage IOUT=4 . OmP. - - O. Lf V 

CSl=VIH or CS2=V I L or 
'-10 ILO Output Leakage Current HE=VIL or OE=VIH, - 10 l1 A 

VOUT=O\' 'C. 5. 5V 

ISBP Peak Power-on Current CS1=VCC, CS2=OV, IOUT=OrnA - - 20 mP. 

ISB Standby Current CS1=VIH or CS2=VIL, IOUT=OrnA - - 10 rnA 

ICC Operating Current CS1=VIL, CS2=VIH, IOUT=OrnA - - 80 rnA 

CAPACITANCE ·k (Ta=2SoC, f=1. 0 l-1Hz) 

SYMBOL PARMIETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 6 

COUT Output Capacitance VIN=OV 10 
pF 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2083AP. 70, TMM2083AP.l0 
TMM2083Ap·12 

A.C. CHARACTERISTICS (Ta=O "-'70°C, VCC=5V±10%) 

READ CYCLE 

Tt--1M2063AP-70 TMH2063AP-lO TMM2063AP-12 
SYMBOL PARAHETER UNIT 

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

tRC Read Cycle Time 70 - 100 - 120 -

tAcc Address Access Time - 70 - 100 - 120 

tCOl CSI Access Time - 70 - 100 - 120 

tC02 CS2 Access Time - 70 - 100 - 120 

tOE OE Access Time - 35 - 40 - 50 

tOH 
Output Data Hold Time from 

5 10 10 Address Change - - -

Output Enable Time from CSI ns 
tCLZ or CS2 

10 - 10 - 10 -

tCHZ Output Disable Time from CSI 30 40 40 or CS2. - - -

tOLZ Output Enable Time from OE 5 - 5 - 5 -

tOHZ Output Disable Time from OE - 30 - 35 - 35 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tpD Chip Deselection to Power Down - 40 - 50 - 60 
Time 

HRITE CYCLE 

THM2063AP-70 Tl'fr12 06 3AP-l 0 TMM2063AP-12 
SYHBOL PARAHETER UNIT 

HIN. MAX. }fIN. MAX. MIN. }1AX. 

tHC Hrite Cycle Time 70 - 100 - 120 -

tCH Chip Selection to End of Hrite 60 - 80 - 100 -

tAS Address Set Up Time 10 - 10 - 10 -

tHP Hrite Pulse Hidth 50 - 70 - 85 -

tHR Frite Recovery Time 0 - 0 - 0 - ns 

t DS Data Set Up Time 30 - 40 - 50 -
tDH Data Hold Time 0 - 0 - 0 -

q.JLZ Output Enable Time from \,!E 5 - 5 - 5 -

tHHZ Output Disable Time from HE - 25 - 30 - 35 

A.C. TEST CONDITIONS 

Input Pulse Levels VIH=2.2V, VIL=0.6V 

Input Rise and Fall Time 5NS 

Input and Output Reference Levels 1.5V 

Output Load 1 TTL Gate & CL=lOOpF 
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ITIMING WAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

CS2 

eSl 

OE 

DOUT 

teo2 

teol 

tOE 

tOLZ(5) 

t~RITE CYCLE 1 (4) (hIE Controlled Write) 

twe 

ADDRESSES 

eS2 tew 

tcw 

CSI 

tWHZ(5) 

HIGH 
DOUT IMPEDANCE 

tDS 

DIN DATA IN STABLE 
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TMM2083a'-10,IMM2083AP-l0 
TMM2083ap-12 

WRITE CYCLE 2 (4) (CSI Controlled Write) 

twc 

ADDRESSES 

CS2 tcw 

tcw 

tWHZ (5) -+--+-
DOUT----------------(X 

HIGH IMPEDANCE 

DATA IN STABLE 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

ADDRESSES 

CS<:; 
tcw 

tcw 

tCLZ(5) 

DOUT 
HEGH IMPEDANCE 

DATA IN STABLE 
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Note: 1. WE is High for Read Cycle. 

WE,CS2 

2. Assuming that CEI Low transition or CS2 High transition occurs 

coincident with or after WE Low transition, Outputs remain in a 

high impedance state. 

3. Assuming that CEI High transition or CS2 Low transition occurs 

coincident with or prior to WE High transition, Outputs remain 

in a high impedance state. 

4. Assuming that OE is High for ~vrite Cycle, Outputs are in high 

impedance state during this period. 

5. These parameters are specified as follows and measured by using 

the load shown in Fig. 1. 

(A) 

(B) 

(A) 

tCLZ' tOLZ' tm~z 

t CHZ ' t OHZ ' tWHZ 

Output Enable Time 

Output Disable Time 

(B) 

,-----------~~----------------------~--~0.15V 
HIGH IMPEDANCr<; HIGH IMPEDANCE 

~-----------ff-----------------------4----Y-- 0.1 5 V 

5V 

1.8 k,Q 

DOUT 0------.------... 

1.0 k,Q 

Fig.l Output load condition for enable disable time measurement. 
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OUTLINE DRAWINGS 

Unit: rom 

1.4± 0.15 2.5 4± 0.25 

Note: Each lead pitch is 2.54mrn. 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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8,192 WORD X 8 BIT STATIC RAM 
N·CHANNEL SILICON GATE MOS 

20P-'10, TMM2064P-12 
TMM2064P-15 

The TMM2064P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CS1 is a logical high or CS2 is a logical 

• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max.) (Max.) (Max.) 

TM M2064p·1 0 100ns 80mA 10mA 

TM M2064P-1 2 120ns 80mA 10mA 

TMM2064P-15 150ns 80mA 10mA 

N.C. 1 28 rtc A12 2 27 
A7 3 26 CS2 
A6 4- 25 A8 
A5 5 24- A9 
A4- 6 23 All 
A3 7 22 Of 
A2 8 21 AI0 
Al 9 liD CSI 
AO 10 19 1/08 

1/01 11 18 1/07 
1/02 12 17 1/06 
1/03 13 16 1/05 

GND 14- 15 I/O. 

SYMBOL NAME 

Ao-A4 Column Address Inputs 

A5-A,2 Row Address Inputs 

CS,. CS2 Chip Select Inputs 

WE Write Enable Input 

I/O,-I/Oa Data Input/Output 

OE Output Enable Input 

Vee Power (5V) 

GND Ground 

N. C. No Connection 

low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli­
ability. 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS1 CS2 
• Output Buffer Control : OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TTL Compatible 
• Inputs Protected: All inputs have protection 

against static charge. 

AS 
A6 

A7 

AB 
A'J 

AlO 

WI!: Q---__+-<ir-'\ 

o E Q-----+-ti 
CS2 
CST 

--0 Vee 
-~GND 

- 0-17 -



SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5-7.0 V 

VIN, VOUT Input/Output Voltage -c-0.5·-7.0 V 

TOPR Operating Temperature 0-70 'C 

TSTG Storage Temperature -55-150 'C 

TsolDER Soldering Temperature· Time 260·10 ·C·sec 

PD Power Dissipation (Ta = 70'C) 1.0 W 

* - 3. OV at Pulse width 50ns 

(Ta=0-70'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

Vil Input Low Voltage -0.5·· - 0.8 V 

Vee Supply Voltage 4.5 5.0 5.5 V 

* * - 3. OV at Pulse width 50ns 

(Ta=0-70'C, Vee=5.0V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

ill Input Leakage Current VIN=OV-5.5V -10 - 10 ~A 

VOH Output High Voltage louT= -1 .0mA 2.4 - - V 

VOL Output Low Voltage louT=2. 1 mA - - 0.4 V 

CS, =VIH or CS2 =Vll or 
ILO Output Leakage Current WE=Vll or OE=VIH, -10 - 10 ~A 

VouT=OV-5.5V 

ISBP Peak Power-on Current 
CS1 =Vee. CS2 =OV - - 20 mA 
louT=OmA 

IS6 Standby Current 
CS1 =VIH or CS2 =Vll, - - 10 mA 
louT=OmA 

Icc Operating Current 
CS1 =Vll, CS2 =VIH, 

- - 80 mA 
louT=OmA 

IIlmlmlli (Ta=25"C, f= 1.0 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 pF 

COUT Output Capacitance VIN=OV 10 pF 

* * * Note: This parameter is periodically sampled and is not 100% tested. 

- 0-18 -



Read Cycle 

(Ta=0-70·C. Vee=5V± 1 0%) 

TM.M2084P-l0, TMM2864P-12 
TMM2884P-15 

TMM2064P-l0 TMM2064P-12 TMM2064P-15 
SYMBOL PARAMETER 

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

tRC Read Cycle Time 100 - 120 - 150 -

!Ace Address Access Time - 100 - 120 - 150 

teo1 CS1 Access Time - 100 - 120 - 150 

teo2 CS2 Access Time - 100 - 120 - 150 

tOE OE Access Time - 40 - 50 - 60 

tOH Output Data Hold Time from Address Change 10 - 10 - 10 -
ns 

teLl CS1 or CS2 to Output in Low-Z 10 - 10 - 10 -

teHl CS1 or CS2 to Output in High-Z - 40 - 40 - 55 

tOLl OE to Output in Low-Z 5 - 5 - 5 -

tOHl OE to Output in High-Z - 35 - 35 - 50 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tPD Chip Deselection to Power Down Time - 50 - 60 - 60 

Write Cycle 

TMM2064P-l0 TMM2064P-12 TMM2064P-15 
SYMBOL PARAMETER UNIT 

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

twe Write Cycle Time 100 - 120 - 150 -

tew Chip Selection to End of Write 80 - 100 - 120 -

!As Address Set Up Time 10 - 10 - 10 -

twp Write Pulse Width 70 - 85 - 100 - ns 

twR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

twLl WE to Output in Low-Z 5 - 5 - 5 -

twHl WE to Output in High-Z - 30 - 35 - 40 

Input Pulse Levels VIH=2.2V. VIL=0.6V 

Input Rise and Fall Time 10ns 

Input and Output Reference Levels 1.5V 

Output Load 1 TIL Gate & CL= 100pF 
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• READ CYCLE (1) 

ADDRESSES 

CS2 

• WRITE CYCLE 1 (4) (WE Controlled Write) 

twc 

ADDRESSES 

DOUT 

DATA IN STABLE 

- 0-20 -



,. c, 

t,.,.,20_4,.10,·1111112084,.1'2. 
tMll2084,. 15 . . . 

• WRITE CYCLE 2 (4) (CSl Controlled Write) 

ADDRESSES 

CS2 

SUPPLY ICC 

CURRENT ISB 

• WRITE CYCLE 3 (4) (CS2 Controlled Write) 

ADDRESSES 

t 

CS2 tcw 

HIGH IMPEDANCE 

DATA IN STABLE 

- 0-21 



Note: 
1. WE is High for Read Cycle. 
2. Assuming that CS1 Low transition or CS2 High transition occurs coincident with or after WE Low transition. Outputs 

remain in a high impedance state. 
3. Assuming that CS1 High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 
5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tClZ. tOLZ. twlZ···············Output Enable Time 
(8) tCHZ. tOHZ. twHZ .............. ·Output Disable Time 

WE,CS:': 

5V 

(AI (B) DOUT 0---+---.... 

DOUT _____ H_lG_H_I_M_PED_A_NC_E ..... _ ... g: i g ~ 

Fig. 1 Output load condition for enable disable time measurement. 

Z 
I-f 
::;; 
to 
c:i 

2.54±O.25 

28 27 26 25 24 23 22 21. a:l .l9 18 17 16 15 

37.4 MAX. 

0.5± O~ 5 Z 
I-f 

1.4± 0.15 _...;:.0-..2...;:.M-.A_X...,;' .-++-__ ~ 
t":i 

Unit: nun 

+0.1 
0.25 -0.05 

17.4 MAX. 

1.8k.o. 

1.0 kD. 

NOTES: Each lead pitch is 2. 54mm. All leads are locateawithin O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 

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

©Aug .. 1985 Toshiba Corporation 
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TOSHIBAMOSMEMORYPROOU:CTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5563APL-10, TC5563APL-12 
TC5563APL-1 5 

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 00ns/120ns/150ns. 

When CE2 IS a logical low or CE 1 is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2jLA 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 

FEATURES 

• Low Power Dissipation 
27. 5mW/MHz (MAx.) Operating 

• Standby Current: 100jLA (Max.) Ta=70°C 
• Access Time 

TC5563APL-l0: lOOns (Max.) 
TC5563APL-12: 120ns (Max.) 
TC5563APL-15: 150ns (Max.) 

• 5V Single Power Supply 

~JN CDNNECTION (TOP VIEW) 

64k bit EPROM 
TC5563APL TMM2764D 

N.C. 1 VDD Vpp 1 Vce 
A12 R/W A12 2 PGM 

CJ<;2 A7 3 N.C. 
AS A6 4 AS 
A9 A5 5 A9 
All All 
OE OE 

A2 AIO A2 Ala 
Al CEl Al 9 CE 
AO 1/0s AO 07 

1/01 1/07 00 06 
1/02 1/06 01 05 
1/03 1/05 02 04 

GND 1/04 GND 03 

PIN NAMES 

Ao-A'2 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE" CE 2 Chip Enable Inputs 

1/0,-1/08 Data Input/Output 

Voo Power (+5V) 

GND Ground 

N. C. No Connection 

I 

I 

PRELIMINARY 

(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro­
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 

• Power Down Features: CE2, CE 1 
• 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 *TC55f35APL 

300 mil DIP 
(Slim Package) rC5563APL 

Flat Package(SOP) *TC5565AFL 

* ) See TC5565APL Technical Date. 

BLOCK DIAGRAM 
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OPERATION MODE CE, CE2 OE R/W 1/0,-1/08 POWER 

Read L H L H DouT 1000 

Write L H * L DIN 1000 

Output Deselect L H H H High-Z 1000 

H * * * High-Z loos 
Standby 

L High-Z * * * loos 

* H or L 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -0.3*-7.0 V 

VI/O· Input and Output Voltage -0. 5-Voo+0. 5 V 

Po Power Dissipation 0.8 W 

TSOLOER Soldering Temperature 260·10 'C·Sec 

TSTG Storage Temperature -55-150 'C 

TOPR Operating Temperature 0-70 'C 

* : - 3.0V at Pulse width 50ns 

:"~;i,~:~*;.~'CQJW"ENt)EO~O'f!RAl'tt.lG CONPtTION$:. ': 
,~<i. ~ ~\, " ,.. ''>"-', _ "c ' .<.<h " 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 ,5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3" - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

* : - 3. OV at Pulse width 50ns 

[~ti~;.*~f~;~.,9"R~1.N-g.·,~"'Af\N;;"f""1'1f:S (Ta=0-70'C. Voo= 5V± 1 0%) 

S.YMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VOL=0.4V 4.0 - - mA 

CE, =VIH or CE2=VIL or 

ILO Output Leakage Current R/W=VIL or OE =VIH - - ±1.0 J.lA 

VOUT=O-VOO 

Voo=5.5V lout=OmA 

CE, =VIL 
tCYCLE= 1 J.lS - - 10 mA 

1000' Operating Current CE2=VIH 

Other Input tcYCLE = Min. cycle - - 45 mA 
=VIH/VIL 

Voo= 5. 5V 

CE,=0.2V tCYCLE= 1 J.ls - - 5 mA 

10002 Operating Current CE2=Voo-0.2V 

Other Input lout=OmA tCYCLE = Min. cycle - - 40 mA 
=Voo-0.2V/0.2V 

IDOS' Standby Current CE,=VIH or CE2 =VIL - - 3 mA 

CE,=Voo-0.2Vor 

*loos2 Standby Current CE2=cJ.2V - 2 100 J.lA 

Voo=2 .0-5. 5V 

* : In standby mode with CE,;;;; Voo - O. 2V. these specIfication limits are guaranteed under the condition of CE2;;;; Voo - O. 2V or 
CE2~0.2V. - 0-24 -



CAPACITANCE (Ta=25°C) 

I SYMBOL PARAMETER 

I CIN Input Capacitance 

I COUT Output Capacitance 

Note: This parameter periodically sampled IS not 100% tested. 

TC6583APL~ 1 0, TC5563A'L-l2z 

. TC5583APL~ 15 

TEST CONDITION MAX. UNIT 

VIN=GND 10 pF 

VouT=GND 10 pF 

A. C. CHARACTERISTICS (Ta=0-70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

TC5563APL-15 I 
~----,-----+-----~----+-_----,---~I UNIT 

TC5563APL-l0 TC5563APL-12 

MIN. MAX. MIN. MAX. MIN. MAX.J 
~------+---------------------------------------r-----+-----+-----+-----~----~---~.. -----­

tRC Read Cycle Time 

tACC Address Access Time 

teol CE 1 Access Time 

te02 CE2 Access Time 

tOE Output Enable to Output Vi:!lld 

Chip Enable (CE1, CE2) to 
tCOE 

Output in Low-Z 

tOEE Output Enable to Output In Low-Z 

too Chip Enable (CE 1 , CE2) to Output In High-Z 

tooo Output Enable to Output In Hlgh-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 

tAS Address Set up Time 

tWR Write Recovery TI me 

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 CONDITtO",S 
Output Load 

Input Pulse Level 
Timing Measurement 

Reference Level 

1 OOpF + 1 TIL Gate 

0.6V, 2.4V 
VIN: 0.8V, 2. 2V 

VOUT: O. 8V, 2. 2V 
5ns 

100 -

- 100 

- 100 

- 100 

- 50 

10 -

5 -

- 35 

- 35 

20 -

TC5563APL-10 

MIN. MAX. 

100 -

60 -

80 -

0 -

0 -

- 35 

5 -

40 -

0 -

- D-25 -

120 - 150 ns 

- 120 150 ns 

- 120 150 ns I 

- 120 150 ns 

- 60 70 ns 

10 - 15 ns 

5 - 5 ns 

- 40 50 ns 

- 40 50 ns 

20 - 20 ns 

TC5563APL-12 TC5563APL-15 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 - ns 

70 - 90 - ns 

85 - 100 - ns 

0 - 0 - ns 

0 - 0 - ns 

- 40 - 50 ns 

5 - 10 - ns 

50 - 60 - ns 

0 - 0 - ns 



TIMING WAVEFORMS 

• READ CYCLE (1) 

ADDRESSES 

OE 

VUH -
------~--------~(J 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W VIH -­
VIL --

CE;(, VIH -

V I L -....L..'--'-..L...L....I.....,/;....L...l'-'-'-'-L.J...~ 

V IH --

twc 

tcw 

tcw 

tODW 

Va, --____________ --' 

- 0-26 -

DATA IN 
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tWR 



lC5563APL -10, TC5563APL-12 
TC5563APL-15 

• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

ADDRESSES 

R/W 

twc 

VIH -

VIL--~~~uw~~~~~uw~~ ________ ~~~~~~~~~~~~~~~ 

VIH -

VIL -~~~~~~~~ ~ __ ~ __ t~c~w ____ ~ ~~~wu~~~~~~~~~ 

VIH -­
VIL -

VIH -

tcw 

tODW 

'VI L - ____________________ -...J ,'--_____ --' 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 

ADDRESSES 

R/W 

DOUT 

VIH -
VIL-___________________ --J 
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Note: 
1. R/W is High for Read cycle, 
2. Assuming that ~ 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 ~ rligh transition or CblLow 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=0-70'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Voo=3.0V - - 50 J.lA 

loos2 Standby Supply Current 

Voo=5.5V - - 100 J.lA 

tCOR Chip Deselection to Data Retntion Mode 0 - - J.ls 

tR Recovery TI me tRC * - - 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 

o.2V 

GND --------~==~================================~--____ __ 
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Note: 

TC5583APL-l0, lC5563APL"12 
TC5583APL-15 

1. In C~ controlled data retention mode, minimum standby current mode IS achieved under the condition of Cb ~ O. 
2V or CE2;SVOO-O.2V. 

2. If the VIH of CE} is 2. 2V in operation, loos} current flows during the period that the Voo voltage is going down 
from 4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2 ~ O. 
2V. 

OEVJCE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus tr. p internal operation 

IS synchronous. Then once row address change occur, the precharge operation is executed by inter i 31 pulse 

generated from row address transient. Therefore the peak current flows only after row address change, as stLwn 

In the following figure. 

This peak current may 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 

(rnA) 

60 

40 

20 

o 
1 
\ 

VDD= 5.5 V 

VIH=5.3V 

VIT,=Cl.2V 

Horizon 200nS/div 

Fig. TYPICAL CURRENT WAVEl"ORMS 
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OUTlINEl)flAWt~9S 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Unit: DID 

35,.5 MAX 

2.5~±O.25 

O.5±O.15 

Note Lead pitch is 2.54 and tolerance is ± 0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 

Note Toshiba does not assume any responSibility for use of any cirCUitry descnbed , no circuit patent licenses are Implied, and Toshiba reserves the nght, at any time 
without notice. to change said cirCUitry 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT 
CMOS STATIC RAM 
SILICON GATE CMOS 

TC5563APL-1 OL, TC5563APL-12L 
TC5563APL-15L 

DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8.192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 OOns/ 120ns/ 1 50ns. When CE2 is a 
logical low or CE 1 IS a logical high, the device is 
placed in low power standby mode in which standby 
current is O. 6J.1.A typically. The TC5563APL has three 
control inputs. Two chip enables (CE 1, CE2) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 

FEATURES 

• Low Power DiSSipation 
27. 5mW/MHz (MAx.) Operating 

• Standby Current: 1J.1.A (Max.) Ta=25°C 
• Access Time 

TC5563APL-10L: 100ns (Max.) 
TC5563APL-12L: 120ns (Max.) 
TC5563APL-15L: 150ns (Max.) 

PIN9QNNEC1lQN.. (TOP VIEW) 
64k bit EPROM 

TC5563APL TMM2764D 

VDD Vee 
A12 R,/W PGM 

CE2 N.C. 
AS AS 

A5 Ag A9 
A4 All All 
A3 OE DE 

AIO AIO 
CEI CE 

AO I/Os 07 
1/01 1/07 00 06 
1/02 1/06 01 05 
1/03 1/05 02 04 

GND 1/04 GND 03 

·.~~f11 ,~,~~,~, 

Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1, CE2 Chip Enable Inputs 

1/01-1/08 Data Input/Output 

VDD Power (+5V) 

GND Ground 

N, C. No Connection 

access, Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2 7640). 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 TTL 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. 
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OPERATION MODE CEI CE2 OE R/W I/OI-I/Os POWER 

Read L H L H DouT 1000 

Write L H * L DIN 1000 

Output Deselect L H H H High-Z 1000 --
H * * * High-Z loos 

Standby 
L High-Z * * * loos 

* : H or L 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -0.3*-7.0 V 

VI/O Input and Output Voltage -0. 5-Voo+0. 5 V 

Po Power Dissipation 0.8 W 

TSOLOER Soldering Temperature 260·10 'C·Sec 

TSTG Storage Temperature -55-150 'C 

TOPR Operating Temperature 0-70 'C 

* : - 3. OV at Pulse width 50ns 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

Input High Voltage 2.2 Voo+0.3 V 

Input Low Voltage -0.3* 0.8 V 

VOH Data Retention Supply Voltage 2.0 5.5 V 

* . - 3. OV at Pulse width 50ns 
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SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 j.lA 

IOH Output High Current VOH=2.4V -1.0 - - m'A 

IOL Output Low Current VOL=0.4V 4.0 - - mA 

CE,=VIH or CE2=VIL or 

ILO Output Leakage Current R/W=VIL or OE=VIH - -- ±1.0 j.lA 

VOUT=O-VOO 

Voo=5.5V lout=OmA 
tcYCLE = 1 j.lS - - 10 

10001 operating Current 
CE1=VIL 

mA 
CE2=VIH 

Other Input=VIHIVIL 
tcYCLE = Min. cycle - - 45 

Voo=5.5V 

CE,=0.2V tcYCLE= 1 J!.s - - 5 

10002 Operating Current CE2=VOO-0.2V mA 

Other Input .lout=OmA tcycLE=Min. cycle - - 40 
=Voo-0.2V/0.2V 

100Sl Standby Current CE,=VIH or CE 2 =VIL - - 3 mA 

CE,=Voo-0.2Vor Ta=25'C - 0.6 1.0 
*loos2 Standby Current 

CEFO.2V Ta=0-70'C 30 
j.lA 

- -

* In standby mode with CE1~VOO-0. 2V, these specification limits are guaranteed under the condition of CE2~VOO-0. 2V or 
Cb~0.2V 

(Ta=25'C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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(Ta=0-70°C, Voo=5V± 1 0%) 

Read Cycle 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Address Access Time 

teol CE 1 Access Time 

te02 CE2 Access Time 

tOE Output Enable to Output Valid 

Chip Enable (CE 1 , CE2) to 
tcOE 

Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

too Chip Enable (CE 1 , CE2) to Output in High-Z 

tooo Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tew Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output in High-Z 

tOEW R/W to Output in Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

Output Load 

Input Pulse Level 

Timing Measurement 

Reference Level 

1 OOpF + 1 TIL Gate 
0.6V,2.4V 

VIN: 0.8V, 2.2V 

VOUT: 0.8V, 2.2V 

tr, tf 5ns 

TC5563APL-l0L 

MIN. MAX. 

100 -

- 100 

- 100 

- 100 

- 50 

10 -

5 -

- 35 

- 35 

20 -

TC5563APL-l0L 

MIN. MAX. 

100 -

60 -

80 -

0 -

0 -

- 35 

5 -

40 -

0 -

- D-34 -

TC5563APL-12L TC5563APL-l 5L 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 -

- 120 - 150 

- 120 - 150 

- 120 - 150 

- 60 - 70 ns 

10 - 15 -

5 - 5 -

- 40 - 50 

- 40 - 50 

20 - 20 -

TC5563APL-12L TC5563APL-15L 

UNIT 
MIN. MAX. MIN. MAX. 

120 - 150 -

70 - 90 -

85 - 100 -

0 - 0 -

0 - 0 - ns 

- 40 - 50 

5 - 10 -

50 - 60 -

0 - 0 -



TIMING WAVEFORMS 

• READ CYCLE (1) 

ADDRESSES VIH 
VIL 

CE2 
VIH 
VIL 

CEI 
VIH 
VIL 

OE VIH 
VIL 

DOUT 
VOH 
VOL 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

VIH -

VIL --~~~~~~~~~ 

DOUT 

- 0-35 -

tRC 

OUTPUT 

twc 

twp 

tcw 

tcw 

tODW 

DATA IN 
STABLE 

tWR 

toEW 



• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

twc 

ADDRESSES 

R/W 

tcw 

tcw 

tODW 

VIH _ 

vIL --____________ ..J 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

DOUT 

VIH --
VIL --________________ -J 
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TC55~~L·18L,······TC558'3APIt·l·2L 
TC55IaAP~15'L 

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 CE1 High transition or CE2 Low transition occures coincident with or prior to R/W High transition, 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Voo=3.0V - - 15 
loos2 Stand by Supply Current Jl.A 

Voo=5.5V - - 30 

tCOR Chip Deselection to Data Retention Mode 0 - - Jl.s 

tR Recovery Time tRC· - - 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 - - - - - -

VIL - - - -~~~ 
U2V 

GND 
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Note: 
1. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~ 

O.2V orCb~VDD-O.2V. 
2. If the VIH of CE 1 is 2. 2V in operation, IDDS 1 current flows during the period that the VDD voltage is going down from 

4.5V to 2.4V. 
3. In Cb controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~ 

O.2V. 

·;;')'jVtt!:r~PQft·l\tl~fr()tt.>·;·ti! 

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 

60 

40 VIH=5.3V 

IDDO VIL=U2V 

(rnA) 20 Horizon 100nS/div 
\ 

Fig. TYPICAL CURRENT WAVEFORMS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Note Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 

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

©May, 1986 Toshiba Corporation 
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TC5565APL -10, TC5565APL-12, TC5565APL -15 
TC5565AFL-10. TC5565AFL-12, TC5565AFL-15 

The TCss6sAPL/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 SV supply. Advanced cir­
cuit techniques provide both high speed and low power features with a max·imum operat­
ing current of SmA/MHz and maximum access time of lOOns/120ns/lsOns. 
When CE2 is a logical low or CEI is a logical high, the device is placed in low power 
standby mode in which standby current is 2~A typically. The TCss6sAPL/AFL has three 
control inputs. Two chip enable (CEI, CE2) allow for device selection and data re­
tention control, and an output enable input(OE) provides fast memory access. Thus 
the TCss6sAPL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 
ThefC5565APL 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 RAM versus EPROM in microprocessor application 
systems. The TCs565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 
FEATURES 
· Low ower Dissipation 

27. 5mW/~rnz(Max.) Operating 
· Standby Current : IOO~A(Max.) Ta=70°C 
· Access Time 

TC5s65APL/AFL-lO IOOns(Max.) 
TC5565APL/AFL-l2 l20ns(Max.) 
TC5565AP1/AFL-15 150ns(Max.) 

· 5V Single Power Supply 
· Power Down Features: C~2, CEI 
· Fully Static Operation 
· Data Retention Supply Voltage: 2.0-5.sV 

IPIN CONNECTION I (TOP VIEW) 64rk t>1t EPROM 

TMW27S'D 

Vpp ~ A12 A12 
A7 A7 N.C. 
A6 AS As 
AS A5 Ag 
A4 A, . 

~ A3 A:3 
A2 A2 A,O 
A1 A1 ~ 
AO AO 07 

I/01 00 Os 
I/02 °1 °5 I/0:3 °2 0, 

GND GND 0:3 

IPI N NAr~ES I 
AO-Al2 Address Inputs 
R/\.J Read/Write Control Input 
OE Output Enable Inout 
CEl,CE2 Chip Enable Inputs 
I/Ol-II08 Data Input/Output 
VDD Power (+sV) 
GND Ground 
N.C. No Connection 

Directly TTL Compatible 
: All Inputs and Outputs 

. Pin Compatible with 2764 type EPROM 

. TCs56sAPL F~mily (Package Type) 
Package Type Device Name 

600 mil DIP TCs565APL 
300 mil DIP *TC5563APL (S lim Package) 

Flat Package TC5565AFL 
(SOP) 

*) See TC5s63APL Techn~cal Data. 

I BLOCK DIAGRAf·' I 

A5 """"-'r"1""'--L.I 

AS v--n...L.J....I 

A7 v--n...L.J....I 

AS """'--'r'LL-L.I 

Ag ~~IJ 

AlO ~~IJ 

All ~t-I..z...J...J 

A 12 -->rt ............ 

R/w o--~--<lII 

OE o---+<J 
C E2 ~Do--<r""'l 
r!F:l o----d....,J 

PRECHARGE 
CIRCUIT 

MEMORY CELL 

ARRAY 

25S x 256 

(655:3S) 

--0 VDD 
---0 GND 
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OP ERA TI ON r~ODE 

OPERATION MODE CEl CE2 OE Rlw 1/01-1/08 pm.JER 

Read L H L H DOUT IDDO 
Write L H * L DIN IDDO 

Output Deselect L H H H High-Z IDDO 

H * * * High-Z IDDS Standby 
* L * * High-Z IDDS 

* : H or L 

~'AXH~UM RATINGS. 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage *-0.3-7.0 V 

VIlo Input and Output Voltage -0. 5-VDD+0. 5 V 

PD Power Dissipation 1.0/0.6** W 

Ts o1der Soldering Temperature 260·10 °C·sec 

Tstg Storage Temperature -55-150 °c 

Topr Operating Temperature 0-70 °c 

* -3.0V at pulse width SOns MAX. ** Flat package 

D.C RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDO Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - VDn+0.3 V 

VIL Input L9w Voltage -0.3 - 0.8 V 

VDH Dat&- R~ention Supply Voltage 2.0 - 5.5 V 
. _ .. 
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, ,~, , 

TC_~'l"~O,.·1"58IAPL"12,T'5.5A,Pl·15 
lC5185AF1~1' .• "I58IAFktZ,. TCIIIUFL-15 

D.C and OPERATING CHARACTERISTICS (Ta=0-70°C, Vnn=5V±10%) 

SYNBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL 
Input Leakage 

VIN=O-Vnn - ±l.0 ~ Current -
lOR Output High Current VOH=2.4V -1.0 - - mA 

IOL Output Low Current VOL=0.4V 4.0 - - rnA 

CEl=VIH or CE2=VOL or 

ILO 
Output Leakage 

R/W=VIL or OE=VIH - - ±l.0 ~A Current 
VOUT=O-Vnn 

tcycle=l.O~s - - 10 rnA 
VnD=5.5V 

TC5565APL-10 
CEl=VIL 

tcycle - - 45 rnA 
TC5565AFL-10 =lOOns 

InDOl CE2=VIH TC5565APL-12 tcycle 
Other input= - - 40 mA 

TC556SAFL-12 =120ns 
VIH/VIL 

TC5565APL-15 tcycle - - 35 rnA 

Operating Current TC556SAFL-15 =lSOns 

VDn=5.SV tcycle=l.O~s - - 5 rnA 

CEl=0.2V 
TC5565APL-IO tcycle - - 40 rnA 

Inn02 CE2=Vnn-0.2V 
TC556SAFL-10 =lOOns 

Other input= TC5565APL-12 tcycle - - 35 rnA 

Vnn-0.2V/0.2V 
TC5565AFL-12 =120ns 

TCS56SAPL-15 tcycle 30 - - mA 
TC5565AFL-15 =150ns 

InDSl CEl=VIH or CE2=VIL - - 3 rnA 

*InDS2 
Standby Current CEI =VDD-O. 2V or Vnn=5.5V - 2 100 llA 

CE2=0.2V VnD=3.0V - 1 50 ~A 

Note * In stan~by :~ode with CE1~VDn-0. 2V, these specification limits are guaranteed 
under the_ condition of CE2 ;&ii:VDD-O. 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~ally sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=~70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOI CEl Access Time 

tC02 CEZ Access Time 

tOE Output Enable to Output Valid 

tCOE 
Chip Enable (CEl, CE2) to 
Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

tOD 
Chip Enable (CEl, CE2) to 
Output in High-Z 

tODe Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

tODW R/W to Output High-Z 

tOEW R/W t~:~utPut Low-Z 
..... 

tDS Data Set up Time 

tDH Data Hold Time 

A.C. TEST CONDITION 

TC5565APL-IO 
TC5565AFL-10 

MIN. MAX. 

100 -
- 100 

- 100 

- 100 

- SO 

10 -
5 -

- 35 

- 35 

20 -

TC5565APL-10 
TC5565AFL-10 

MIN. MAX. 

100 -
60 -
80 -

0 -
0 -

- 35 

5 -
40 -

0 -

Output Load 
Input Pulse Level 
Timing Measurement 
Reference l.evel 
tr, tf 

lOOpF + 1 TTL Gate 
0.6V, 2.4V 

VIN 
VOUT 

O. 8V, 2.2V 
O. 8V, 2.2V 
5ns 

- 0-42 -

TC5565APL-12 TC5565APL-lS 
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-l2 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 



TC5165A'L-18, TC5565APl-12"JC5585APL-15 7 '.' 

TC556.5AFl-ll, . TC5565A1b·12, lC55851Fl-15 

TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

VIH _ 

VIL -
~~~~~~~------~-------L4Lwu~~~~~~~~~~ 

VOH -, ----4-2:==~ VOL _- OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

DOUT 

VIH -
VIL -

VIH­

twc 

vIL -.L-L.L.J.....I....I...I..I...I....I-.'-J..I.....I....I.U __ --t-cw---..j 1~~~..lo....lo...lo....l...I""""''''''''':~....lo...lo...lt....lo...lo. ........ 

tcw 
VIH -

vIL -~~~~~~~~L--4------~~~~~~~~~~~~ 

tDS tDH 

VIH - DATA IN 
VIL - ___________ r-__ S_TAB_ LE __ '--_______ _ 
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WRITE CYCLE 2 (4) (ITl Controlled ~Jr;te) 

twc 

ADDRESSES 

R/W 

DOUT 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 
twc 

ADDRESSES 

R/W 

CEZ 

'eEl 

- 0-44,-



TG5585A'l-10,TG5$85APL-:12,JG55.5APt-15 
Tel585IFt-.I, .TG55'5AF.l~12, TG5185AFL-15 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CEI Low transition of CE2 High transition occurs coincident 

with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEI High transition or CE2 Low transition occure coincident 

with or prior to R/W High transition, Outputs remain in a high impedance 

state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

DATA RETENTION CHARACTERISTICS (Ta=0-70°C) 

SYMBOL PARAHETER 

VDH Data Retention Supply Voltage 

IDDS2 Stand by Supply Current VDD=3.0V 

VDD=5.5V 

tCDR Chip Deselection to Data Retention Mode 

tR Recovery Time 

Note (1) : Read cycle time. 

CEl Controlled Data Retention t40de (2) 

DATA RETENTION MODE 

5.5V 

GND 

CE2 Controlled Data Retention Mode (4) 

VDD 
4..5V ______ _ 

VIL 

GND 

DATA RETENTION MODE 

Q.2V 

- D-45 -

MIN. TYP. MAX. 

2.0 - 5.5 

- - 50 

- - 100 

a - -
tRC(l) - -

UNIT 

V 

JjA 

JjS 

JjS 



Note 2 In CEl controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2 ~ O. 2V or CE2 ~VDD-O. 2V. 

3 If the VIH of CEl is 2.2V in operation, IDDSl current flows during the 

period that the VDD voltage is going down from 4.SV to 2.4V. 

4 In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2~O.2V. 

DEVICE INFORMATION 

The TCSS65APL/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, a5 

shown in the following figure. 

This peak current may induce the noise on VDD/GND lines. Thus the use of about 

O.l~F decoupling capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

IDDO 
(lIlA) 

\ 1 
o \ , 

Fig. TYPICAL CURRENT WAVEFORMS 
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VDD= 5.~V 
VIR= 5.3V 
VIL=a.2V 
Horizon lOOns /div 



TC5565APL-l0, TC5565APL-1Z, TC5565APL-15 
TC5565AFL-l0, TC5565AFL-l Z, TC5565AFL·15 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

:z; .... 
:::E 
CII 
t1 

28 

1 

o.S±o.1S 

11.4+0.15 

15 

14 

2.54±0.25 

15.24±0.25 

+0.1 
0.25 - 0.05 

Unit in mm 

0- 150 

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 (F28GC-P) 

1 14 

I 
" '\ ]J llll11 1I 1J 11 IT . 11 1I1I 1I 11 7 

II 0.4.3±0.1 I 1.27+0.05 
.-4 
d 
+t 
.-4 
d 

Unit in nun 

1'-----oJ 

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 
8,'92 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 t;me of 1 00ns/120ns/ 150ns. When CE2 is a 
logical low or eEl is a logical high, the device is 
placed In low power standby mode In which standby 
current is O. 6jJ.A typically. The TC5565APL/ AFL has 
three control inputs. Two chip enables (CE1, CE2) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem-

FEATURES 

• Low Power Dissipation 
27.5mVV/MHz (Max.) Operating 

• Standby Current: 1jJ.A (Max.) Ta=25°C 
• Access Time 

TC5565APL/AFL-l0L: lOOns (Max.) 
TC5565APL/AFL-12L: 120ns (Max.) 
TC5565APL/ AFL-l 5L: 1 50ns (Max.) 

PIN CONNECTION (TOP VIEW) 
641< hi t EPRO:,i 

TC5565APL/AFL TMM2764D 

VDD Vpp VCC 
R/N PGM 
CE2 N,C. 
AS AS 
Ag A5 Ag 
All A4 All 

A3 DE A3 OE 
A2 Ala A2 Ala 
Al 9 CEl CE 
AO 1/08 AO 07 

1/01 1/07 00 06 
1/02 1/06 01 05 
1/03 1/05 02 

GND 1/04 GND 

PIN NAMES 

" --
Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 
--... _-_. --

eEl, Cb Chip Enable Inputs _. --
:/01-1/08 Data Inputs/Outputs 

VDD Power (+5\/) 

GND Ground 

N. C. No Connection 

ory access. Thus the TC5565APL/ AFL is suitable for 
use In vanous microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/ AFL also features pin compati­
bility With the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting In flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL is offered in a dual-in-line 28 pin 
standard plastic package. The TC5565AF L 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) 

- Package Type ~e ~am~~ 
600 mil DIP TC5565APL 

---
300 mil DIP 
(Slim Package) *TC5563APL 

Flat Packac·e(SOP) --TC5565AFL I 
* : See TC5563APL Technical Date. 

BLOCK DIAGRAM 
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OPERATION: 1\401)£ 

OPERATION MODE CEI 

Read L 

Write L 

Output Deselect L 

H 
Standby 

* 
* : H or L 

MAXlMUM .J!lATING8 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

Vila Input and Output Voltage 

Po Power Dissipation 

Tsolder Soldering Temperature 

Tstg Storage Temperature 

Topr Operating Temperature 

* : -3.0V at Pulse width 50ns Max. 
* * : Flat package 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Voltage 

VIL Input LQw Voltage 

VOH Data Retention Supply Voltage 

* : -3.0V at Pulse width 50ns Max. 

CE2 OE 

H L 

H * 
H H 

* * 
L * 

- 0-50 -

R/W I/OI-I/Os POWER 

H DouT 1000 

L DIN 1000 

H High-Z 1000 

* High-Z loos 

* High-Z loos 

RATING UNIT 

-0.3-7.0 V 

-0.3*-7.0 V 

-0. 5-Voo+0. 5 V 

1.0/0.6** W 

260-10 CoSec 

-55-150 'C 

0-70 'C 

MIN. TYP. MAX. UNIT 

4.5 5.0 5.5 V 

2.2 - VOD+0.3 V 
-0.3· - 0.8 V 

2.0 - 5.5 V 



TC5565APL-l0L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-l0L, TC5565AFL-12L, TC5565AFL -15L 

D. C.and OPERATING CHARACTERISTICS (Ta=0-70°C, VDD=5V± 10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL I nput Leakage Current VIN =O-VOO - - ±10 fJ.A 

10H Output High Current VOH = 2AV -10 - - mA 

10L Output Low Current VOL=OAV 4.0 - - mA 

CE I = VIH or CE l = VIL or 
ILO Output Leakage Current RNV = VIL or OE = V1H - - ± 1.0 fJ.A 

VOUT =O-Voo 

tcycle = 1.0fJ.s - - 10 mA 
Voo = 5.5V 

TC5563AP L-1 0 
CE I = V1L 

TC5563AF L-1 0 
tcycl e = 100ns - - 45 mA 

CEl = V1H 
10001 Other input = TC5563AP L-12 

tcycle = 120ns - - 40 mA 
VIHIVIL TC5563AF L-12 

lOUT = OmA TC5563APL-15 
tcycle = 150ns 35 mA 

TC5563AF L-15 
- -

Operating Current 
tcycle = 1.0fJ.s - - 5 mA 

Voo = 5.5V TC5563APL-10 - tcycle = 100ns 40 mA CE I = 0.2V TC5563AF L-1 0 
- -

10002 CEz = Voo-0.2V TC5563AP L-12 
Other input = 

TC5563AF L-12 
tcycle = 120ns - - 35 mA 

Voo-0.2V/0.2V 
TC5563AP L-15 

lOUT = OmA 
TC5563AF L-15 

tcycle == 150ns - - 30 mA 

100S1 Standby Current CE I = VIH or CEl = VIL - - 3 mA 

CE l = Voo-O.2V or Ta = 25°C - 0.6 1.0 
*IOOS2 Standby Current 

CEl = 0.2V Ta = 0-70°C 30 
fJ.A 

- -
* : In standby mode with CE I ~ Voo-0.2V, these specification limits are guaranteed under the condition of CEl ~ VDD-O.2V 

or CEl ~ 0.2V. 

CAPACITAN.QE (Ta=25°C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: This parameter periodically sampled IS not 100% tested. 
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Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CE 1 Access Time 

te02 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 Low-Z 

too Chip Enable (CEl , CE2) to Output in High-Z 

tooo Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tew Chip Selection to End of Write 

!As Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output in High-Z 

tOEW R/W to Output in Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

Output Load 
Input Pulse Level 
Timing Measurement 

Reference Level 

1 OOpF+ 1 TIL Gate 
0.6V,2.4V 

VIN: 0.8V, 2.2V 

VOUT: 0.8V, 2.2V 

tr, tl 5ns 

I 
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TC5565APL-l0L TC5565APL-12L TC5565APL-15L 
TC5565AFL-l0L TC5565AFL-12L TC5565AFL-15L 

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

100 - 120 - 150 -

- 100 - 120 -- 150 

- 100 - 120 - 150 

- 100 - 120 - 150 ns 

- 50 - 60 - 70 

10 - 10 - 15 -

5 - 5 - 5 -

- 35 - 40 - 50 

- 35 - 40 - 50 

20 -- 20 '- 20 -

TC5565APL-1 o~T TC5565APL-l'2L TC5565APL-15L 

I TC5565AFL-l0L TC5565AFL-12L TC5565AFL-15L 
UNIT 

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

100 - 120 - 150 -

60 - 70 - 90 -

80 -- 85 - 100 -
--1-----

0 - 0 - 0 -

0 - 0 - 0 5~ ns 

- 35 - 40 -
.-

5 - 5 - 10 -

40 - 50 - 60 -

0 - 0 - 0 -



,;TfAMNej .WAVEFOQMS 
• READ CYCLE ("I) 

ADDRESSES VIH 
VIL 

CE2 
VIH 
VIL 

OE 

TC5565APL-l0L, TC5565APL-12L, TC5565APL-15L 
TC5565AF~10L TC5565AF~12~ TC5565AF~15L 

tRC 

OUTPUT DATA VALID 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

CE2 

twc 

VIH --

VIL --~~~~~~~ ~ ____ t_c~w ____ ~ ~~~~~~~~~~~ 

VIH -­
V IL --

----

tcw 
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DATA IN 
STABLE 



,', ~ , 

\~:;\tC.~ltlr·;J.Jj·: ....•.• ·,l~~ts': 
'T'Q558$AF'l~tQl,T 05t~t~,1~1,', 

• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

twc 

ADDRESSES 

twp 

R/W 

tcw 

tcw 

tODW 

DOUT 

VIH -
VIL--______________________ ~ ~ __ ~ ______ _J ~ ________________ ___ 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

DOUT 

VIH --

V TT, ---_________________ ....J 
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Note: 
1. R/W is High for Read Cycle. 

TC5565APL-l0L, TC5565APL-12L, TC5565APL-15L 
TC5565AF~10L TC5565AF~12L TC5565AF~15L 

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 CE1 High transition or CE2 Low transition occure coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

DATA RETENTION CHARACTERISTICS (Ta=0-70'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
I 

V[)H I Data Retention Supply Voltage 2.0 - 5.5 V j 

Voo=3.0V - .- 15 

~ 
loos2 Stand by Supply Current 

Voo=5.5V - - 30 

tCOR Chip Deselection to Data Retention Mode 0 - - J.ls 

tR Recovery Time tRC * - -
I 

J.1s 

* Read cycle ti me . 

• CE 1 Controlled Data Retention Mode (1 ) 

VDD------..... DATA RETENTION MODE 

GND------------------------------------------------------

• CE2 Controlled Data Retention Mode (3) 

VDD------..... DATA RETENTION MODE 

4.5V - - - - - -

VIL - - - --n-~~ 
o.2V 

GND 
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, 'TC658:iAPI.~1,t~:.,T'C8i_hPt~i2,·(t:~~'C.5'5Ir~·t_i 
TC558.AFL~lOl, ·1~'55864.FIj.12~".··TC55'.8AFL·18L 
Note: 

1. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~ 
O. 2V orCE2~VoO-O. ?V. 

2. If the VIH of CE1 is 2. 2V in operation, loos1 current flows during the period that the Voo voltage is going down from 
4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~ 
O.2V. 

al~lCE:I.,~P:t;tMA'ION:' : 

ADDRESSF,s 

60 
VDD=5.5V 

The TC5565APLjAFL 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 V D D /GND lines. Thus the use of about 
0.1 J.l F decoupling capacitor for every device is 
recommended to eliminate such noise. 

40 VIH=5.3V 

IDDO VIL=U2V 

(rnA) 20 Horizon 100nS/div 
\ 

Fig. TYPICAL CURRENT WAVEFORMS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 
28 IS 

[::::::=:::]l 
~I 1 14 1524±0.25 

uit-I 380MAX. III ~-----
~ J! \ 
r "~\ " +01 ---+-_ 2,54±0.25 II 025_005 

~ ~~ 

Unit in mm 

Note : Lead pitch is 2.54 and tolerance is ±O .'25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads . 

• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

C:::::::::::: I] 
Unit in mm 

1 M 

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 ~Jo. 28 leads. 

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

© May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 

PESDRIPTION 
TC5564APL is 65536 bits static random access 

memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating of 5mA/MHz. 
Operation current depends on cycle time. 

TC5564APL has three control inputs. Two chip 
enables (CE 1, CE2) allow for device selection and 
data retention control. Output enable (OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 

:r'FiA'tlJ~a · 
• Low Power Dissipation 

5mA/MHz (MAX.) Operating 
0.2f.LA (MAX.) at Ta=25°C Standby 
1 .0f.LA (MAX.) at Ta=60°C Standby 

• 5V Single Power Supply 
• Fully Static Operation 
• Data Retention Voltage: 2.0--5.5V 
• Plastic DIP and Plastic Flat Package 
• Pin CompatiblE; with 2764 type EPROM 

64k bit EPROM 
TC55tHAPI, TMM2764D 

VDD VDD 

IV'w PGM 

CE2 N .C. 
AB AB 
A9 1\9 

All All 
OE OE 

AlO AlO 
CEl CE 

I/OB 07 

1/07 06 

1/06 05 

1/05 02 04 

GN 1;/04 03 

TC5564APL-15, TC5564APL-20 
TC5564AF L-15, TC5564AF L-20 

PRELIMINARY 

is typically 0.01 f.LA. So the TC5564APL is suitable 
for use in various microprocessor application sys­
tems where low power and battery back up are 
required. Ultra low standby power allow not only 
battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible 
with the 64K bits EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

TC5564APL is offered in both a standard dual-in­
line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 

• Access Time 

~----
TC5564APL-15 TC5564APL-20 
TC5564AF L-15 TC5564AF L-20 

Address Access Time 
l50ns 

(MAX.) 200ns 

CEl Access Time 
l50ns 200ns 

(MAX.) 

CE2 Access Time 
l50ns 

(MAX.) 200ns 

OE Access Time 
70ns 

(MAX.) lOOns 

• Directly TIL Compatible: All Inputs and Outputs 
• \Nide Temperature Operation: -40-85°C 

A5 

AS 

AIO 
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Ao-A12 Address Inputs 

R/W Read/Write Control input 

Operation 
CEl CE2 OE R/W 

1/01-
Power 

Mode 1/08 

OE Output Enable Input Read L H L H DouT 

CE1, CE2 Chip Enable Inputs Write L H * L DIN 1000 

1/01 -1/08 Data Input/Output Output Deselect * * H * High-Z 

Voo Power (+5V) 

GND Ground 

H * * * " loos 
Standby 

* L * * 1/ loos 

N. C. No Connection 

SYMBOL ITEM RATING UNIT 

*Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -0.3**-Voo V 

VI/O Input and Output Voltage -0. 5-Voo+0. 5 V 

Po Power Dissipation 1.0(0.6)*** W 

Tsolder Soldering Temperature 260·10 "C·sec 

Tst9 Storage Temperature -55-150 "C 

Topr Operating Temperature -40-85 "C 

* 8. 5V at lOOns. 
* * -3.0V Pulse width 50ns 

* * * SOP 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3* - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

* - 3. OV Pulse width 50ns 

(Ta= -40-85"C, Voo=5V± 1 0% Unless other wise noted) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O-VOO - - ±1.0 pA 

10H Output High Current VOH=2.4V -1.0 - - mA 

IOL Output Low Current VOL=O.4V 4.0 - - mA 

VOH Output High Voltage IOH=-20J.lA Voo-O.l - - V 

VOL Output Low Voltage IOL=20J.lA - - 0.1 V 

CEl =VIH or CE2=VIL or 

ILO Output Leakage Current R/W=VIL - - ±1.0 J.lA 

or OE=VIH, VOUT=O-VOO 
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TC5564APL-15, TC5564APL-20 
TC5584AFL -15, TC5584AFL -20 

SYMBOL PARAMETER CONDITIONS MIN. 

CIT =VIL and CE2 = tcycle = 1 J1 s 

VIH Other Input= w TC5564APL-15 10001 Operating Current ---' u TC5564AF L-15 VIH/VIL >-u 
10uT=OmA z TC5564APL-20 

~ TC5564AFL-20 

CIT =0.2V and tcycle= 1 J1s 
CE2=Voo-0.2V, 

w 
10002 Operating Current Other Input ---' TC5564APL-15 

u TC5564AF L-15 
=Voo-0.2V/0.2V >-u 

lOUT = OmA duty 100"10 z TC5564APL-20 
~ TC5564AFL-20 

100Sl Standby Current CEl =VIH or CE2=VIL 

CE, =Voo-0.2V or Ta=25°C 
100s2 Standby Current CE2=0.2V 

Voo=2.0-5.5V Ta=60°C 

Note: (1) In standby mode with CIT~Voo-0.2V, these specification limits are guaranteed under the 
condition of CE2~Voo-0.2V or CE2~0.2V. 

(2) All voltage is measured from GND. 

SYMBOL PARAMETER CONDITiONS 

CIN Input Capacitance VIN=GND 

COUT Output Capacitance VouT=GND 

Note: This parameter is periodically sampled and IS not 100% tested. 
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TYP. MAX. UNIT 

- 10 

- 40 mA 

- 35 

- 5 

- 35 mA 

- 30 

- 2 mA 

0.01 0.2 
J1A 

- 1.0 

MAX. UNIT 

10 pF 

10 pF 



~ ~ " ,,' :' c~,:'< ' 

READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

teal CEl Access Time 
r-----

tC02 CE2 Access Time 

tOE Output Enable to Output in Valid 

Chip Enable to (CEl , CE2) 
teOE 

Output in Low-Z 

tOEE Output Enable to Output Low-Z 

too Chip Enable (CE 1 , CE2) Output in High-Z 

Output Enable to 
tODO 

Output High-Z 

tOH Output Data Hold Time 

WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output High-Z 

tOEW R/W to Output Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

• Input Pulse Levels 
• Timing Measurement Reference Levels 
• Output Reference Levels 
• Input Pulse Rise and Fall Times 

• Output Load 

2.4V/0.6V 
2.2V/0.8V 
2.2V/0.8V 
5ns 
See Fig. 1 

- 0-60 -

~·0· 

TC5564APL-15 TC5564APL-20 
TC5564AF L-15 TC5564AFL-20 UNIT 

MIN. MAX. MIN. MAX. 

150 - 200 -

- 150 - 200 
--

- 150 - 200 

- 150 - 200 

- 70 - 100 
ns 

10 - 10 -

5 - 5 -

- 70 - 100 

- 60 - 80 

20 - 20 -

TC5564AP L-15 TC5564APL-20 
TC5564AFL-15 TC5564AF L-20 UNIT 

MIN. MAX. MIN. MAX. 

150 - 200 -

100 - 150 -

120 - 180 -

0 - 0 -

0 - 0 -

ns 
- 70 - 100 

10 - 10 -

60 - 80 -

0 - 0 -

I/OPino--.--~~~~ 

Fig.l Output Lood 

Rl: 2.4 k.O. 
R2: 810.0. 
C : lOOpF' 

(Include Jig) 
D :181588 

(or Equivalent) 



TC5564APL-15, TC5564APL-20 
TC5564AFL -15, TC5564AFL-20 

TIMING WAVEFORMS 

BEAD CYCLE (1) 

=f 
tRC 

ADDRESSES ~ _________________ ~ ~ ______ _ 

_ tACC ,I 

CE2 ' 

tCOE 

DOUT 
tCOE 

WR ITE CYCLE (R/W Controllec.l Write) 

twc 

j",-----------------~ ~---.-~----

ADDRESSES 

CE2 tcw 

tcw 

tDS 

DATA IN STABLE 



WRITE CYCLE 2 (4) (CIT Controlled Write) 

two 

ADDRESSES 

CE2 tow 

OEI tow 

tODW 

DOUT 

tDS too 

DIN DATA IN STABLE 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 
two 

ADDRESSES 

R/W 

CE2 
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TC5584APL-15, TC5584APL-20 
TC5584AFL -15, TC5584AFL-20 

Note: (1) R/W is High for Read Cycle. (2) Assuming thatCE 1 Low transition or CE2 High transition occurs coincident with 
or after R/W low transition, Outputs remain in a high impedance state. (3) Assuming that CE 1 High transition or 
CE2 Low transition occurs coincident with or prior to R/W High transition, outputs remain in a high impedance 
state. (4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

DATARETEN1"IONCHARACTERISTICS (Ta= -40-85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

l Ta=25°C - 0.01 0.2 
loos2 Standby Current f.lA 

1 Ta=60°C - - 1.0 

tCDA Chip Deselection to Data Retention Mode 0 - - f.ls 

tA Recovery Time tAC!l) - - JJ.s 

CE1 Controlled Data Retention Mode (2) 

GND ______________________________________ _ 

CE2 Controlled Data Retention Mode (4) 

VDD __ V_D_IJ __ ., f-__ DA_T_A _R_"T_P._NT-,-IC_'N_M-'.O::.c:DE=---~ ,-________ _ 

O.2V 

OND ---------------------------------------

Note: (1) TRc: Read Cycle Time (2) In CE1 controlled data retention mode, minimum standby current mode is achieved 
under the condition of CE2 ~O. 2V or CE2 ~Voo-02V. (3) If the VIH of CE 1 is 2. 2V in operation, during the period 
that the Voo Voltage is going down from 4.5 to 2.4V, loos1 current flows. (4) In CE2 controlled data retention 
mode, minimum standby current mode is achieved under the condition of CE2~O.2V: 

l~;~~ .. '~~Tidf4#::: 
The TC5564APL is an asynchronous RAM using 

address activated circuit technology, thus the inter­
nal operation is synchronous. Then once row 
address change occur, the precharge operation 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 

ADDRESS 

IDDO(mA) 

80 

60 

40 

20 1 
\ 

11 
\ 

after only row address change, as is shown In the 
following figure. 

This peak current may induce the noise on VDn/ 
GND line. Thus the use of about O.1j.lF decoupl1r-Jg 
capacitor every device is recommended to eliminate 
such noise. 

VDD~ 5.5V 

VIH~5.3V 

VIL~02V 

HOR IZON 200ns/d i v 

Fig. TYPICAL CURRENT WAVEFORMS 
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TOSHIBAMOS MEMORY PRODUCTS 
32,768 WORDx8 BIT STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

TC55257 APl-851 APL-1 01 APL-12 
TC55257 AF L-851 AF L-1 0/ AF L-12 

PRELIMINARY 

The TC55257APL/AFL is 262,144 bit static random 
access memory organized as 32,768 words by 8 bits using 
CMOS technology, and operated from a single 5V supply. 
Advanced circuit techniques provide both high speed and 
low power features with a operating current of 5mA/MHz 
(TypJ and minimum cycle time of 85ns. When tE is a 
logical high, the device is placed in low power standby 
mode in which standby current is 2p.A typically. The 
TC55257 APL/AFL has two control inputs. Chip enable 

(CE) allow for deviceselection and data retention control, 
and an output enable input (OE) provides fast memory 
access. Thus the TC55257APL/AFL is suitable for use in 
various microprocessor application systems where high 
speed, low power, and battery back up are required. The 
TC55257APL/AFL is offered in both a standard dual-in­
line 28 pin plastic package (0.6 inch width) and small­
out-line plastic flat package. 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Typ.) Operating 

• Standby Current 
100llA (Max.): TC55257APL-85/AF L-85 

APL-10/AFL-1O 
A P L -1 2/ A F L -1 2 

• 5V Single Power Supply 
• Power Down Feature: CE 

PIN CONNECTION (TOP VIEW) 

A14 

A12 
A7 

A6 

A5 
A4 

A3 
A2 

Al 

AO 
1/01 

1/02 
1/03 

GND 

PIN NAMES 

AI0 
CE 
1/08 
1/07 
V06 

V05 

1/04 

AO~A14 I Address'lnputs 

R/W Read/VVrlte Control Input 
f---------.-~--i----

OE Output Enable Inout 

CE Chip Enable Input 

1/01 ~1/08 Data Inputs/Outputs 

Voo Powel' (+5V) 

GND Ground 

--

• Data Retention Supply Voltage: 2.0 ~ 5.5V 
• Access Time 
C--' --

TC55251APL·85 TC55257APL·10 TC55257APL·12 

TC55257AFL·85 TC55257AFL·10 TC55257AFL·12 

Access Time (Max.) 85ns 100ns 120ns 

Chip Enable 85ns lOOns 120ns 
Access Time (Max.) 

Output Enable 45ns 50ns 60ns 
Time (Max.) I 

• Directly TTL Compatible: All I nputs and Outputs 
• Plastic DIP and Plastic Flat Package 

BLOCK DIAGRAM 

CE 

~VDD 

A7 MEMORY CELL ~-O GND 

AS ARRAY 
A9 

All 
512X32x16 

A12 (262144) 
A13 
A14 

1/01 

{ 
1/08 

R/W 

CE 0--1>-- CE 

0-65 



OPERATION MODE 
-

OPERATION MODE CE OE R/W 1/01 - 1/08 POWER 

Read L L H DOUT IDDO 

Write L * L DIN 1000 

Output Deselect L H H High-Z 1000 

Standby H * * High-Z loos 

*) H or L 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3 - 7.0 V 

VIN Input Voltage -0.3* -7.0 V 

VI/O Input and Output Voltage -0.5 - Voo + 0.5 V 

Po Power Dissipation 1.0 W 

Tsolder Soldering Temperature 260'10 °C'sec 

Tstr:£L Storage Temperature -55-150 °c 

Topr Operating Temperature 0-70 °c 

*) -3.0V at pulse width 50ns 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 55 V 

VIH Input High Voltage 2.2 - Voo + 0.3 V 

VIL Input Low Voltage -0.3* - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

*) -3.0V at pulse width 50ns 
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TC55257 APL-a5/APL-I D/APL-12 
TC55257 AFL-a5/AFL-I D/AFL-12 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

II L I nput Leakage Current VIN=O~VOO - - ± 1.0 J1A 

IOH Output High Current VOH = 2.4V -1.0 - -- mA 

IOL Output Low Current VOL = 0.4V 4.0 - - mA 

I LO Output Leakage Current 
CE = V IH or R!W = V IL or OE = VIH - - ± 1.0 J1A 
VOUT = 0 ~ Voo 

Voo = 5.5V tcycle = lJ1s - 10 -

CE = VI L , R!W = VIH 

10001 Other Input tcycle = 
= VIH NIL Min. cycle 

- - 70 mA 

Operating Current lOUT = OmA 

Voo=5.5V tcycle = lJ1s - 5 -

CE = 0.2V, 

10002 
R!W = Voo-0.2V 

tcycle = 
Other Input Min. cycle 

- - 60 mA 

= Voo-0.2V /O.2V 

IOUT= OmA 

100S1 Standby Current CE = VIH - - 3 mA 

100S2 Standby Current 
CE = Voo-0.2V 

Ta=0~70°C - 2 100 J1A 
Voo = 2.0 ~ 5.5V 

CAPACITANCE (Ta = 25°C, f = 1MHz) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

C IN I nput 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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A.C. CHARACTERISTICS (Ta = 0'" 70°C, Voo = 5V ± 1 (010) 

Read Cycle 

SYMBOL PARAMETER 

tRc Read Cycle Time 

tACC. Address Access Time 

tco CE Access Time 

tOE Output Enable to Output in Valid 

tCOE Chip Enable (CE) to Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

too Chip Enable (eE) to Output in High-Z 

tO~~ Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 
-

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWf~ Write Recovery Time 

toow RMJ to Output High-Z 

tOEW RMJ to Output Low-Z 

t os Data Set up Time 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
I nput Pulse Level 
Timing Measurement: 
Reference Level 
t r, tf 

100pF + 1TTL Gate 
O.6V,' 2.4V 
O.8V,2.2V 
O.8V,2.2V 
5ns 

TC55257 AP L-85 
TC55257 AF L-85 

MIN. MAX. 

85 -

- 85 
- 85 
- 45 

10 -

5 -

- 30 
- 30 
5 -

TC55257 AP L-85 
TC55257 AF L-85 

MIN. MAX. 

85 -

60 -

65 -

0 -

5 -

- 30 

10 -

40 -

0 -

- 0-6£ -

TC55257 AP L-1 0 TC55257APL-12 
TC55257 AF L-l 0 TC55257AFL-12 UNIT 

MIN. MAX. MIN. MAX. 

100 - 120 -

- 100 - 120 
- 100 - 120 
- 50 - 60 
10 - 10 - ns 

5 - 5 -

- 50 - 60 
- 40 - 50 
10 - 10 -

TC55257 AP L-l 0 TC55257 APL-12 
TC55257AFL-l0 TC55257 AF L-12 UNIT 

MIN. MAX. MIN. MAX. 

100 - 120 -
--

70 - 80 -

90 - 100 -

0 - 0 - ns 
--

5 - 5 -

- 50 - 60 
10 - 10 -

40 - 50 -

0 - 0 -



TIMING WAVEFORMS 

• READ CYCLE(1) 

VIH -
ADDRESSES 

VIL -

VIH -
CE 

VIL -

VIH -
OE 

VIL -

VOH -
DOUT 

VOL -

tOEE 

tCOE 

• WR ITE CYCLE 1 (4) (R/W Controlled Write) 

VIH -
ADDRESSES 

VIL -

VIH -
R/W 

VIL -

VIH -
CE 

VIL -

DOUT 

VIH -
DIN 

VIL -

tco 

twc 

twp 

tcw 

tODW 
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TC55257 APL-85/ APl ~ 10/ APL-12 
TC55257AFL-85/AFl"lO/AFL-12 

tODO 

OUTPUT DATA VALID 



• WR ITE CYCLE 2(4) (CE Controlled Write) 

twc 

VIH 
ADDRESSES 

VIL 

VIH - twp 
R/W 

VIL 

VIH - tcw 
CE 

VIL ~ 

tCOE tODW 

DOUT 

tDS 

VIH -
DIN DATA IN STABLE 

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, Output 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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DATA RETENTION CHARACTERISTICS (Ta = 0 ~ 70°C) 

I SYMBOL PARAMETER 

VOH Data Retention Supply Voltage 

I VOH = 3.0V 
IOOS2 Standby Supply Current 

I VOH = 5.5V 

tCOR Chip Deselection to Data Retention Mode 

TC55257APL-a5/APL-l0/APL-12 
TC55257 AFL-a51 AFL -lO/AFL-12 

MIN. TYP. MAX. UNIT 

2.0 - 5.5 V 

- - 50 
J.1A 

- - 100 

0 - -
J.1s 

tR Recovery Time tRC(1 ) - -

Note (1): Read Cycle Time . 

• CE Controlled Data Retention Mode 

DATA RETENTION MODE 

4.5V 

VDD - D.2V 

GND 

NOTE (2): If the '/IH of CE is 2.2V in operation, IOOSl current flows during the period that the 

Voo voltage is going down from 4.5V to 2.4V. 
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• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 
Unit in mrn 

28 15 

1 14 

o.5±o.15 2.54±o.25 

1.4±o.15 

NOTE: Lead pitch is 2.54 and tolerance is ± 0.25 against theoretical center of each lead that is 
obtained on the basis of No.1 and No.28 leads . 

• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 15 

1 14 

~IU4=--:;:; ~ 
~ ~ 

d 

~ II HeM I 
~tCA ~ 

.1 I L5±U4 

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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32,768 WORDx8 BIT STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

TC55257 APL-85LI APL-1 OLI APL-12L 
TC55257 AF L-85LI AF L-1 OLI AF L-12L 

The TC55257APLIAFL is 262,144 bit static random 
access memory organized as 32,768 words by 8 bits using 
CMOS technology, and operated from a single 5V supply. 
Advanced circuit techniques provide both high speed and 
low power features with a operating current of 5mA/MHz 
(Typ.) and minimum cycle time of 85ns. When CE is a 
logical high, the device is placed in low power standby 
mode in which standby current is 2J.J.A (Ta = 25°C). The 
TC55257APLIAFL has two control inputs. Chip enable 

(CE) allowfor device selection and data retention control, 
and an output enable input (OE) provides fast memory 
access. Thus the TC55257APLIAFL is suitable for use in 
various microprocessor application systems where high 
speed, low power, and battery back up are required. The 
TC55257APLIAFL is offered in both a standard dual-in­
line 28 pins plastic package (0.6 inch width) and small­
out-line plastic flat package. 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Typ.) Operating 

• Standby Current 
2J.J.A (Max.): TC55257APL-85L1AF L-85L 
(Ta= 25°C) APL-lOLlAFL-lOL 

APL-12L1AFL-12L 
• 5V Single Power Supply 
• Power Down Feature: CE 
• Data Retention Supply Voltage: 2.0 ~ 5.5V 

PIN CONNECTION (TOP VIEW) 

Al·4, VDD 

A12 R/W 

A7 A13 
A6 A8 
A5 A9 
A4 All 
A3 OE 
A2 AI0 
Al CE 

AD 1/08 

1/01 I/O 7 
1/02 1/06 
1/03 I/O 5 

OND 1/04 

PIN NAMES 

AO ~ A14 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE Chip Enable Input 

1/01 ~ 1/08 Data Inputs/Outputs 

VDD Power (+5V) 

GND Ground 

• Access Time 

TC55257APL·85L TC55257APL-10L TC55257 APL-12L 

TC55257 AF L-85 L TC55257AFL-10L TC55257 AF L-12L 

Access Time (Max.) 85ns lOOns 120ns 

Chip Enable 85ns lOOns 120ns 
Access Time (Max_) 

Output Enable 45ns 50ns 60ns 
Time (Max.) 

• Directly TTL Compatible: All I nputs and Outputs 
• Plastic DI P and Plastic Flat Package 

BLOCK DIAGRAM 

A7 
A8 
A9 

All 
A12 
A13 
A14 

1/01 

~ 
1/08 

R/W 
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MEMORY CELL 

ARRAY 

512x32x16 

(262144 ) 

--0 vDD 

--oOND 



OPERATION MODE 

OPERATION MODE CE OE R/W 1/01 ~ 1/08 POWER 

Read L L H DOUT 1000 

Write l * L DIN 1000 

Output Deselect L H H High-Z 1000 

Standby H * * High-Z loos 

*) H or L 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3 ~ 7.0 V 

VIN Input Voltage -0.3* ~ 7.0 V 

VI/O Input and Output Voltage -0.5 ~ Voo + 0.5 V 

Po Power Dissipation 1.0 W 

Tsalder Soldering Temperature" Time 260·10 °C· sec 

T strg Storage Temperature -55 ~ 150 °c 

T apr Operating Temperature 0~70 °c 

*) -3.0V at pulse width 50ns 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo + 0.3 V 

VIL Input Low Voltage -0.3* - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

*) -3.0V at pulse width 50ns 
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TC55257APL-85UAPL-10UAPL-12L 
TC55257 AFL -85U AFL -lOU AFL -12L 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL I nput Leakage Current VIN =O~Voo - - ± 1.0 [.l.A 

IOH Output High Current VOH = 2.4V -1.0 - - mA 

IOL Output Low Current VOL = O.4V 4.0 - - mA 

ILO Output Leakage Current 
CE = VIH or R/W = VIL or OE = V IH - - ± 1.0 [.l.A 
VOUT=O~VOO 

Voo = 5.5V tcycl e = l[.l.s - 10 -

CE = VIL, RM = VIH 
tcycle = 

10001 Other Input - - 70 mA 

= VIH/VIL 
Min. cycle 

Operating Current lOUT = OmA 

Voo = 5.5V tcycle = l[.l.s - 5 -

CE = 0.2V, 

RM = Voo-O.2V 
= 

10002 Other Input tcycl e - - 60 mA 
= Voo-0.2V/0.2V 

Min. cycle 

IOUT= OmA 

100Sl Standby Current CE = VIH - - 3 mA 

CE = Voo-0.2V Ta=0~70°C - - 30 
[.l.A 100S2 Standby Current 

Voo = 2.0 ~ 5.5V Ta = 25°C - - 2 

CAPACITANCE (Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN I nput Capacitance VIN = GND 10 pF 

COUT Output Capacitance VOUT= GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 

- D-75 -



A.C. CHARACTERISTICS (Ta = 0""" 70°C, Voo == 5V ± l00!<J) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tco CE Access Time 

tOE Output Enable to Output in Valid 

tCOE Chip Enable (CE) to Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

too Chip Enable (CEl to Output in High-Z 

tooo Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow R/W to Output High-Z 

tOEW R/W to Output Low-Z 

tos Data Set up Time 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 100pF + lTTL Gate 
Input Pulse Level O.6V,2AV 
Timing Measurement: O.8V,2.2V 
Reference Level O.8V,2.2V 

5ns 

TC55257 AP L-85 L 
TC55257AFL-85L 

MIN. MAX. 

85 -

- 85 
- 85 
- 45 

10 -

5 -

- 30 
- 30 

5 -

TC55257APL-85L 
TC55257AFL-85L 

MIN. MAX. 

85 -

60 -

65 -

0 -

5 -
- 30 

10 -

40 -

0 -
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TC55257 APL-1 OL TC55257APL-12L 
TC55257 AF L-1 OL TC55257 AF L-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 -

TC55257 AP L-1 0 L TC55257 APL-12L 
TC55257AFL-10L TC55257AFL-12L UNIT 

MIN. MAX. MIN. MAX. 

100 - 120 -• 70 - 80 -

90 - 100 -

0 - 0 - ns 

5 - 5 -

- 50 - 60 

10 - 10 -

40 - 50 -

0 - 0 -



TIMING WAVEFORMS 

• READ CYCLE(1) 

ADDRESSES 
VIH 

VIL 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

VOH 
DOUT 

VOL 

• WRITE CYCLE 1(4) 

VIH 
ADDRESSES 

VIL 

VIH 
R/W 

VIL 

VIH 
CE 

VIL 

DOUT 

VIH 
DIN 

VIL 

UNKNOWN 

(R/W Controlled Write) 

twc 

TC55257 APL -85VAPL -laVAPL -12L 
TC55257 AFL -85V AFL -IOU AFt-12L 

OUTPUT DATA VALID 

, I 

tWR 

twp 

tow 

tODW toEW 
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• WRITE CYCLE 2(4) (CE Controlled Write) 

VIH-
ADDRESSES 

VIL-

VIH-
R/W 

VIL-

VIH-
CE 

VIL-

DOUT 

VIH -

DIN 
VIL-

NOTE: 1. R/W is High for Read Cycle. 

twc 

twp 

tcw 

tODW 

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 ih a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during 
th is period. 
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TC55257 APL -85 U APL -1 OL/ APL -12L 
TC55257AFL-85UAFL-l0L/AFL-12L 

DATA RETENTION CHARACTERISTICS (Ta = 0'" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

I VOH = 3.0V - - 20 
IDOS2 Standby Supply Current f.lA 

I VOH = 5.5V - - 30 

tCOR Chip Deselection to Data Retention Mode 0 - -

tR Recovery Time tRC(1) 
f.ls 

- -

Note (1): Read Cycle Time . 

• CE Controlled Data Retention Mode 

VDD ---------. 
DATA RETENTION MODE 

VDD-O.2V 

GND -------------------------------------

NOTE (2): If the V1H of CE is 2.2V in operation, loos1 current flows during the period that the 
Voo voltage is going down from 4.5V to 2.4V. 
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• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 
Unit in rnm 

28 15 

1 14 

15.24±0,25 

0.5 ±0,15 2.54 ± 0.25 

14 ± 0.15 

NOTE: Lead pitch is 2.54 and tolerance is ± 0.25 against theoretical center of each lead that is 
obtained on the basis of No.1 and No.28 leads. 

• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 15 

~ 
1 14 

~ ~l m±Q3 I 
If) 

N 

2 lA ~ 
II 0.43 ±0'1 1.27 ± 0.05 .-. I I 1.5 ± 0.4 

d 
-+l .-. 
d 

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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TC55256PL-iO/PL-12/PL -15 
TC55256F~10/F~12/F~15 

Preliminary 

I DEseRI PTIONi 

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 5mA/}ffiz(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 TC55256PL/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 TCSS2S6PL/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 TC55256PL/FL is offered in both a 
standard dual-in-line 28 pin plastic package (0.6 inch width) and small-aut-line plastic 
flat package. 

!FEATURESI 

• Low Power Dissipation 
27 .5mt-l/MHz (TYP.) Operating 

• Standby Current 
0.2uAniAX.) at Ta=2SoC 
1. OuA(HA.'\.) at Ta=60°C 
10.O~A(:1AX.) at Ta=8SoC 

• 5V Single ·Pm.;er Supply 
• Fully Static Operation 

iPIN CONtlECTIONi, (TOP VIEW) 

AH, vDD 
A12 R/W 

A7 A13 
A6 AS 
AS A9 

A~ All 
A3 OE 
A2 AIO 
Al CE 
AO VOS 

VOl V07 

I/O 2 V06 
V03 V05 

GND I/O 4 

I PIN NAf\1ESI 
~O '\, A14 Address Inputs 

• Data Retention Supply Voltage: 2.0'\. 5.5V 
• Access Time 

TC55256PL TC55256PL TCS5256PL 
-IO/F'L-IO -12/FL-12 -15/F'L-15 

Access Time (Max. ) lOOns 120ns 150ns 
Chip Enable Access 

lOOns 120ns 150ns Time (Max. ) 
Output Enable Time(Max.) sOns 60ns 70ns 

• Directly TTL Compatible: All Inputs and Outputs 
• Plastic DIP and Plastic Flat Package 
• vJide Temperature Operation: -40 IV 85°C 

I BLOC K D IAGRAt·1j 

MEMORY CELL 

ARRAY 

512X32X16 

(262144) 

--0 GND 

R/W Read/Write Control Input 
OE Output Enable Input 
CE Chip Enable Input 

1/01 IV 1/08 Data Input/Output 
VDD Power (+5V) OE 
GND Ground CE "-------'-----~""'- CE 
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I OPERATION ~10DEI 

OPERATION MODE CE 

Read L 

Write L 

Output Deselect L 

Standby H 

*) H or L 

IMAXIMUM RATINGSI 

SYMBOL ITEM 

VDD Power Supply Voltage 

VIN Input Voltage 

VI/a Input and Output Voltage 

PD Power Dissipation 

Tsolder Soldering Temperature 

Tstrg Storage Temperature 

Topr Operaring Temperature 

*) -3.0V at pulse width 50ns 
**) SOP 

DE R/W 1/01 rv 1/08 

L H DOUT 

* L DIN 

H H High-Z 

* * High-Z 

RATING 

-0.3 rv 7.0 

-0.3*rv7.0 

-0.5 rv VDD+0.5 

l.0 (0.6)** 

260 • 10 

-55 rv 150 

-40 rv 85 

I D. C. RECOMMENDED OPERATING CONDITIONS! (Ta=-40 rv 85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

VDD. Power Supply Voltage 4.5 5.0 5.5 

POWER 

IDDO 

IDDO 

IDDO 

IDDS 

UNIT 

V 

V 

V 

W 

DC-sec 

DC 

DC 

UNIT 

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 50ns 
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TC55256PL -10/PL-12/PL-15 
TC55256.FL -I O/FL -12/FL-15 

I D.C. and OPERATING CHARACTERISTICsi (Ta=-40 ru 85°C, Vnn=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O ru Vnn - - ±1.0 ].lA 

lOR Output High Current VOR=2.4V -1.0 - - mA 

IOL Output Low Current VOL =0.4V 4.0 - - mA 

VOR Output High Voltage IOIr'-20].lA Vnn - - V 
-0.1 

VOL Output Low Voltage I OL=20].lA - - 0.1 V 

ILO Leakage Current 
CE=VIR or R/W=VIL or OE=VIR - - ::1.0 ].lA Output 
VOUr=O ru Vnn 

Vnn=5.5V, CE=VIL , tcycle=l].ls - 10 -
InnOl 

R/W=VIR 

Other Input= tcycle= 
mA 

- - 70 
VIR/VIL , IOUT=OmA Min. cycle 

Operating Current 

(Read Cycle)* Vnn=5.5V, CE=0.2V, tcycle=l].ls - 5 -
-

I R/,\v=Vnn-0•2V 
I 

I 

Inn02 Other Input= I mA 

Vnn-C.2V/0.2V 
tcycle= - - 60 

IOUT= OmA 
Min. cycle 

InnSl Standby Current CE=VIR - - 3 mA 

Ta=25°C - 0.01 0.2 
CE=Vnn-0.2V 

InnS2 Standby Current Ta=60°C - - 1.0 ].lA 
Vnn=2.0ru 5.5V 

Ta=85°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. 

ICAPACITANCEJ (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER CONDITIONS MAX. 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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I A.C. CHARACTERISTICSI (Ta=-40"v 85°C, VDD=5V±10%) 

READ CYCLE 

TC55256PL 
SYMBOL PARAMETER -lO/FL-IO 

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 (CE) 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 

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 

lAC TEST CONDITION I 
• Input Pulse Levels 
• Timing Measurement Reference Levels: 
• Output Reference Levels 
• Input Pulse Rise and Fall Time 
• Output Load 

- 40 

10 -

TC55256PL 
-lO/FL-IO 

HIN. 

100 

70 

90 

0 

0 

-
5 

40 

2.4V/0.6V 
2.2V/O.8V 
2.2V/O.8V 
5ns 

0 

MAX. 

-
-
-
-
-
50 

-
-
-

100pF + ITTL Gate 
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TC55256PL TC55256PL 
-12/FL-12 -15/FL-15 UNIT 

MIN. MAX. MIN. 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. HIN. MAX. 

120 - 150 -
80 - 100 -

100 - 120 -
0 - 0 -
0 - 0 - "ns 

- 60 - 70 

5 - 5 -
50 - 60 -

0 - 0 -
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TC~52.Ft·1 OIFil~I~lflt"15 . 

TIf.lI NG WAVEFORt~S 

READ CYCLE (1) 

VIR - tOE OE 
Vn -

I. tODO I I 
VOE -

D:J~,!, OUTPUT DATA VALID 
VOL - tCOE 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

twc 

ADDRESSES VIE -

vIL -

tWR 

VIE - twp 
R/W 

VIL -

VIE - tow 
CE 

VIL -

tODW toEW 

DOUT 

VIE -
DIN 

VIL -
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WRITE CYCLE 2 (4) (CE Controlled Write) 

twc 

ADDRESSES 
VIE -
VIL -

F./W 
VIE 

Vn 

CE 
VIE tcw 

VIL 

tCOE tODW 

DOUT 

VIE -
DIN 

VIL -

~J~ 
________________________ --J~ATA IN STA~~---------------------

No \~: 1. R/W is High for Read Cycle. 

2. Assuming that CE low tr2nsition occurs coincident with or after 

R/W Low transition t Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior 

to R/W High transition t Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle t Outputs are in high 

impedance state during this period. 
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3V OPERATE SPECIFICATION 

TC55258PL-l0/Pl-12/Pl-15 
lC55258FL-l0/FL-12/FL-15 

ID.C. RECO~1t·1ENDED OPERATING CONDITIONS \ (Ta=-10'V60°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 2.7 3.0 3.3 V 

VIR Input High Voltage VDD-0.2 - VDD V 

VIL Input Low Voltage 0 - 0.2 V 

I D. C. and OPERATING CHARACTERISTICS I (Ta=-lO", 60°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

lIN Input Leakage Current VIN=O'" VDD - - ±1.0 uA 

CE=VIR or R/W=VIL or 
ILO Output Leakage Current - - ±1.0 uA 

OE=VIH , VOUT=O", VDD 

lOR Output High Current V OIr=VDD-O. 2V -100 - - uA 

IOL Output Low Current VOL=0.2V 100 - - uA 

VOH Output High Voltage IOR=-20UA VDD-O.l - - - V 

VOL Output Low Voltage IOL=20uA - - 0.1 V 

CE=VIL 

Other input= tcycle 
IDDO* Operating Current - 3.0 5.0 mA 

VDD-0.2V/0.2V =l).!s 

IOUr=OmA, duty 100% 

Ta=25°C - 0.01 0.2 
IDDS Standby Current CE=VIH 

).!A 
Ta=60°C - - 1.0 

All voltage is measured from GND. 

* IDDO is slightly depending on input pulse t r , tfo 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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3V OPERATE SPECIFICATION 

I A.C. CHARACTERISTICS I (Ta=-lO'V 60°C, VDD=3V±10%) 

READ CYCLE 

SYHBOL PARAMETER 

tRC Read Cycle Time 
t ACC Address Access Time 

tco CE Access Time 

tOE Output Enable to Output Valid 

tOR Output Data Rold 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 

twa Write Recovery Time 

tDS Data Set Up Time 

tDR Data Hold Time 

tODW R/W to Output High Z 

tom R/W to Output Low Z 

* Type. condition is Ta=25°C, VDD=3V 

IA.c. TEST CONDITIONSI 
• VI~vDD-0.2V/0.2V 

• Output Reference Level 1.5V/1.5V 

• Timing Measurement Level 1.5V/l.5V 

• 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 

- -



TC5525Bpt"l0/Pl-12/Pl-l5 
TC5625B FL-I O/fL-12/fl-16 

I DATA RETENTION CHARACTERISTICS I (Ta=-40tV 85°C) 

SYl-mOL PARAMETER MIN. TYP. MAX. 

VDH Data Retention Supply Voltage 2.0 - 5.5 

Tao::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 Mode 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 Controlled Data Retention Node 

V::lD -------. DATA RETENTION MODE 

VIE --- --f-----!---\ '-_________ ....,j 

VDD-a.2V 

G~-----------------------------------
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DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 
Unit in mm 

28 15 

1 14 

15. 24.±a.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. 

SOP 28 PIN OUTLINE DRAWING (SOP28-P-450) 

28 15 

]1 
1 14. 

to< t lu±n3 
~ 

1a 9ldAX. 10 
N 

~ ld )J 

~ .11 a.4.3±a.1 1.27±a.l T~ 

Mote: 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 MEMORYPRO'D,UCrS 
Preliminary 
IDESCRIPTION) 

TC55258P~10/P~12/P~15 
TC55258FL-l0/FL-12/FL-15 

The 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 circuit techniques provide both 
high speed and low power features with a operating current of 5mA/MHz (TYP.) and minimum cycle time of 
1 DOns. The TC55258PL/FL has two control inputs. Two chip enables (CE 1, CE2) allow for device selection 
and data retention control. When the device is placed in standby mode, the standby current is typically 
D.01pA 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 backup. 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. 

flat package. 

IFEATURES! 

• Low Power Dissipation 
27. 5mt~/MHz ('I'YP.) Operating 

• Standbv Current 
O. 21.1A·(~1AX.) at Ta-25 ° C 
1.OuA(MAA.) at Ta-60°C 
10.01.lA(~1AX.) at Ta-S5°C 

• 5V Single' Power Supply 
• Fully Static Operation 

\ Plr~ (TOP VID,T) 

AH, vDD 
Al2 lVW 

1..7 Al3 
AS AS 
A~ AS 
1.._ All 
.1.3 CE2 
A2 AlO 
1..1 CE~ 
.1.0 1/08 

VOl I/O? 
1/02 I/Os 
I/O 3 I/O 5 

GND I/O_ 

IPIN NAMESi 

AO-A14 Address Inputs 

R/W Read/Write Control Input 

CE1, CE2 Chip Enable Inputs 

1/01 - 1/08 Data Input/Output 

VDD Power (+5V) 

GND Ground 

• Data Retention Supply Voltage: 2.0"" S.SV 
• Access Time 

TC55258PL TC55258PL TC55258PL 
-10/FL-10 -12/FL-12 -15/FL-15 

Access Time (Max. ) lOOns 120ns 15005 
Chip Enable Access 

lOOns 120ns 15005 Time (Max.) 
Output Enable Time (Max. ) sOns 60ns 7005 

• Directly TTL Compatible: All Inputs and Outputs 
• Plastic DIP and Plastic Flat Package 
• vJide Temperature Operation: -40 .... 85°C 

IBLOCK DIAGRAt-·1! 

MEWORY CELL 

ARRAY 

512X32X16 

(262166) 

~;:~~~-------CE 
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TOSHIBA MOS MEMORYPRO.DUCTS 
Preliminary TC551001P~70/P~85/P~10 

DESCRIPTION 
The TC55l001PL is 1,048,516 bits static random access memory organized as 131,012 

words by 8bits using CMOS technology, and operated a single 5V power supply. Advanced circuit 

techniques provide both high speed and low power features with a maximum operating current of 

5mA/MHz(Typ.) and minimum cycle time of 70/85/100ns. When CEI is a logical high or CE2 is 

low, the device is placed in low power standby mode in which standby current is 2~A 

typically. The TC551001PL has three control inputs.Chip enable inputs·(CE1,CE2) allow for device 

selection and data retention control, and an output enable input (OE) provides fast memory 

access. Thus the TC551001PL is suitable for use in various microprocessor application system 

where high speed, low power,and battery back up are required. 
The TC551001PL is offered in a .dual-in-line 32pin standard plastic package. 

I FEATURES I e Access T1me 

eLow Power DiSSipation 

~ rrC5S1001PL-10 rrC551001PL-85 rrC551001PL-IO 
27. 5mW/MHz (Typ. ) 

.Standby Current:l00uA(Max.) 

esv Single Power Supply 

epower Down Feature:CE1,CE2 

eData Retention Supply Voltag 

Access Tlme(Max.) 10ns 

eEl Access T1me(Max.) 10ns 

eE2 Access T1me(Max. ) 70ns 

e OE Access T1me(Max. ) 35ns 

:2.0~5.5V eD1rectly TTL Compat1ble 

! PIN CONNECTION I (TOP VIEW) 

[BLOCK DIAGRAM I 
A16 

A14 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

Ai 

AO 

I/O 

GND 

I PIN NAMES 
--
A"",A.", 

R/W 

OE 

CE1.CE2 

I/O, 'V I/O .. 

~Dn 
GND 

N.C. 

32 VDD 
31 A15 

30 CE2 

29p R/W 

28~ A13 
27 A8 

'§ A9 25 ~1 
24 OE 

23 A10 

22 CEl 

21 /08 

20 /01 

19 

18 

17 

Address Inputs 

Read/Wr1te Control Input 

Output Enable Input 

Ch1p Enable Inputs 

Data Inputs/Outputs 

Power (+5V) 

Ground 

No Connection 
OE 

A4 
A5 
A6 
A7 
AIZ 
A13 
A14 
A15 
Al6 

1/01 D-<P-----j 

1/08 o-i~+++-H ... I 

IV'W O-----+----It---a 

85ns 

85ns 

85ns 

45ns 

All Inputs and Outputs 

MEMORY CELL 
ABRAY 

lOOns 

lOOns 

lOOns 

sans 

CE 
NJ Al A2A3A8A9AlOAll 

eEl rl.... __ .rv-..... }-..--"-______ .. CE 

CEZ 
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OPERATION MODE 
-OPERATION MODE CE1 CE2 OE 

Read L H L 

Write L H * 
Output Deselect * * H 

Standby 

* : H or L 

MAXIMUM RATINGS 

SYMBOL 

Voo 

VIM 

V
IIO 

Po 

T~()ln"",.. 
T strg 
Topr 

H * * 
* L * 

ITEM 

Power Supply Voltage 

Input Voltage 

Input and Output Voltage 

Power Dissipation 

Soldering Temperature 

Storage Temperature 

Operating Temperature 

* : -3.0V at pulse width 50ns MAX. 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vnn Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

V 
Data Retention Supply 

DH Voltage 

* : -3.0V at pulse width 50ns MAX. 

- D-94 -

R/W I/01'V 1/08 POWER 

H DOUT I DDO 
L DIN Inno 

* High-Z I I 

* High-Z 

* High-Z 

RATING UNIT 

-0.3'V 7.0 V I 
-0.3*",7.0 V 

-0.5 ",Voo+O. 5 V 

1.0 W i I 

I °C-sec 
i 

260 . 10 i 
I -55 'V 150 0 

C 
I 

o rv 70 

MIN. TYP. MAX. UNIT 

4.5 5.0 5.5 

2.2 - ~OD+0.3 

-0.3* - 0.8 V 

2.0 - 5.5 I 



TC5510D1PL·7,OIPL~85IP"'10 

D.C. and OPERATING CHARACTERISTICS (Ta=O ~70oC,VDD=5V±10%) 

SYMBOL PARAMETER 

IlL Input Leakage Current 

IOH Output High Current 

IOL Output Low Current 

I 
Output Leakage 

LO 
Current 

I 

10001 

Operating Current 

-
Standby Current 

IOOS2 

CAPACITANCE (Ta=250c f=~) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TEST CONDITION 

V1N=0 ""Vnn 

VOH=2.4V 

VOL=0.4V 

CE1=V IH or CE2=V
IL 

or 

OE=V IH , VOUT=O ,,-,Voo 

CE1=VIL and CE2=VIH 

and R/W=VIH,IOUT=OmA 

Other Input=vIH/V IL 
tcycle=Min.cycle 

CE1=0.2V and CE2=VOo-0.2V 

R/W=VOO-0.2V,IOUT=OmA 

Other Inp ut=V
DD

-0.2V/0.2V 

tcycle=Min.cycle 

-
CE1=VDD-0.2V or CE2=0.2V 

VDO=2.0V 'V 5. 5V, 

Ta=O 'V 70°C 

TEST CONDITION 

VIN=GND 

VOUT=GND 

MIN. TYP. ~AX. 

- - ±1.0 

-1.0 - -

4.0 - -

- - ±1. 0 

- - 60 

70 

3 

- - 100 

MAX. 

10 

10 

Note: This parameter periodically sampled is not 100% tested. 
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UNITl 
I 

.llA I 

mA 

mA 

I 
JlA I 

I 

I 
! 

I i 

I 
mA 

I 

mA 

mA 

I i 
! 

...uA 

I 

UNIT 

pF 



A.C. CARACTERISTICS (Ta=O 'V 70o C, VDD=5V±10%) 

Read Cycle 

~:BOL~ TC55l00lPL-70 
PARAMETER 

----
MIN. MAX. 

tRC Read Cycle Time 70 -
tACC Address Access Time - 70 

te01 CE1 Access Time - 70 

tC02 CE2 Access Time - 70 

tOE Output Enable to Output in Valid - 35 

tCOE Chip Enable (CEl,CE2)to 5 -
Output in Low-Z 

tOEE Output Enable to Output in Low-Z 0 -

tOO Chip Enable (CEl,CE2)to - 30 
Output in High-Z 

tODO putput Enable to Output in High-Z - 30 

tOH Output Data Hold Time 5 -

Write Cycle 

TC551001PL-70 
SYMBOL PARAMETER 

MIN. MAX. 

twr. Write Cycle Time 70 -
twp Write Pulse Width 45 -
tr.w Chip Selection to End of Write 55 -
t As Address Set up Time 

tWR Write Recovery Time 

t.1lDw. R/W to Output High-Z 

tOEW R/W to Output Low-Z 

~S Data Set up Time 

tDH Data Hold Time 

D.C. TEST CONDITION 

Output Load 

Input Pulse Level 

Timing Measurement V
IN 

Reference Level V
OUT 

tr,t f 

0 -
0 -

- 30 

0 -
30 -

0 -

100pF ..- 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 

- 0-96 -

TC55l00lPL-85 TC55l00lPL-lO 
UNIT 

-
MIN. MAX. MIN. MAX. 

85 - 100 -
- 85 - 100 

- 85 - 100 

- 85 - 100 

- 45 - 50 

10 - 10 - ns 

5 - 5 -

- 30 - 35 

- 30 - 35 

10 - 10 -

TC55l00lPL-85 TC551001PL-10 I 
~JNIT! 

MIN. MAX. MIN. MAX. 

85 - 100 -
50 - 60 - I 

70 - 80 - I 
0 - 0 - I 
0 - 0 - ns 

- 35 - 40 

0 - 5 0 

30 - 40 -
0 - 0 -



Je5518Dl PL-78/PL -a5/PL-l D 

ITHlING HAVEFORMS! 

OUTFUT DATA VALID 

WRITE CYCLE 1 (R/W Controlled Write) 

twc 

ADDP.E.SSES 

tWF. I 
R/W 

CE2 tcw 

tcw 

tDS 

DATA IN STABLE 
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WRITE CYCLE 2 (4) (eEl Controlled Write) 

twc 

AllDRESSES.~ ________ ---:I 1"----

~ 
R/W ~\\\~\\~\\\\\\\\\\\\i 

T I I 

ImITE CYCLE 3 (4) (CE2 Controlled Write) 

"we 1 

twp 
R/W 

CE2 tcw 

em tcw 

I tODW 

DOU! 

DIN 
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TC551001P~70/P~85/P~10 

CE2 Controlled Data Retention Mode (4) 

O~ I i~ \r teD? I : 'I/t/? ,I ; 

u - k\""\:""\:",,\,,,;,\_\ _\ \~ _____ C._' ~_" _': ____ ~..:.., ';"';"'-i-I./ 

NOTE: (1) tRC: Read Cycle Time 

(2) 1:: CEl controlled data retention mode, mlnlmum standby current mode is 
2c:-;ieved under the condition of CE2 ; O. 2V or CE2 ~ VDD-O. 2V. 

(~) :: the VIR of CEl is 2.2V in operation, during the period that the VDD 
voltage is going down from 4.517 to 2.4V, IDDSI current flows. 

(~) :n CE2 controlled data retention Goce, minimum standby current mode is 
2c::ieved under the condition of CE2 ;; o. 2V. 
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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 CE1 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. 

~ATA RETENTION CHARACTERISTICS (Ta=O "" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vnl-i Data Retention Supply Voltage 2.0 - 5.5 V 

IOOS2 I Standby Current 
Ivnn=3.0V - L=- I 50 

i )lA 
Ivnn=5.5V - i - 100 I 

tCDR \ Chip Dese1ection to Data 

I 
I 

I 0 - I - }lS I Retention Mode I I 
Recovery Time nS 

EEl Controlled Data Retention Mode (2) 

DATA RETENTION MODE 

VDD - a.zv 

GND ----------------------------------------------------

- D-100-
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DIP 32 PIN OUTLINE DRAWING 

o 
+1 
ttl 

32 

1 

42.2MAX. 

17 

16 

2.54 

TC551001 PL-70/PL-85/PL-10 

C'J 

o 
+1 
o 

Unit in mm 

Frs, 24TYP. ~ .•..• 
+-~ JL O. 2S±O. 03" 

Note:Lead pitch is 2.54 and tolerance is +0.25 against theoretical center 
of each lead that is obtained on the basis of No.1 and No.32 leads. 
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TC551 001 PL-70/PL-85/PL-l0 
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TOSHIBA MOS MEMORY PRODUCTS 
32,768 WORD X8 BIT CMOS PSEUDO STATIC RAM 

SILICON GATE CMOS 

TC51832P/SP/F-85, TC51832P/SP/F-1 0 
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 ± 10010 tolerance. The OE/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 CE Access Time 85ns lOOns 120ns 

~A OE Access Time 35ns 40ns 50ns 

t 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 
1\.7 

1\.6 ,\8 

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 stal)dard 0.6 inch and 0.3 
inch width plastic DIP and small-out line plastic flat 
package. 

• Low Power Dissipation 
Operating: (Max.) 

303mW (TC51832P/SP/F-85) 
248mW (TC51832P/SP/F-l 0) 
220mW (TC51832P/SP/F-12) 

Standby: 5.5mW (Max.) 
Self Refresh: 5.5mW (Max.) 

• Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 

1\.:5 A9 BLOCK DIAGRAM 
A4 All 

A3 

A2 

A1 CE 

.".0 V08 '7 

:VOI 1/07 

1/02 1/06 

1/03 1/05 
A14-A2 7 

G:-,D 1/04 

PIN NAMES 

AO~ A14 Address Inputs 

RNJ ReadNJrite Control Input 

OE/RFSH Output Enable/Refresh Input 

CE Chip Enable Input 

1/01 ~ 1/08 Data Input/Output 

Voo Power (+5V) 

GND Ground 

~Vo----=~_J------------------------~ 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTES 

VIN Input Voltage -1.0~7.0 V 

VOUT Output Voltage -1.0~7.0 V 

VOO Power Supply Voltage -1.0~7.0 V 

T OPR Operati ng T emperatu re O~70 °c 
°e- 1 

TSTG Storage Temperature -55 ~ 150 

TSOLOER Soldering Temperature' Time 260'10 °C'sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

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

SYMBOL ITEM MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 
1---

V IH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

D.C. ELECTRICAL CHARACTERISTICS (Voo == 5V ± 10%, Ta == 0 ~ 700
e) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES I 
OPERATING CURRENT TC51832P/SP/F-85 - 55 

1000 Average Power Supply Operating Current TC51832P/SP/F-l0 - 45 mA 3,4 
(CE, Address Cycling: tRC= tRcMIN) TC51832P/SP/F-12 - 40 

STANDBY CURRENT 1 

100Sl Power Supply Standby Current, TT L Level Input - 1 mA 
(CE = OE/RFSH = VIH) 

SELF REFRESH CURRENT 
100F Average Power Supply Self Refresh Current - 1 mA 

(CE = Voo-0.2V, OE/RFSH = 0.2V) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any Input -10 10 /J.A 

(OV.;;; VIN .;;; VOO, All Other Inputs not under Test = OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 10 /J.A 
(DOUT is disable, OV .;;; VOUT';;; Voo) 

VOH 
OUTPUT HIGH LEVEL 2.4 --- V 
Output "H" Level Voltage (IOUT=-5mA) 

VOL 
OUTPUT LOW LEVEL - 0.4 V 
Output" L" Level Voltage (lOUT = 4.2mA) 
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TC51832P ISP IF-85, TC51832P/SP IF-l 0 
TC51832P/SP/F-12 

ELECTRICAL CHARACTERISTCS AND RECOMMENDED AC OPERATING CONDITIONS 
(Voo = 5V ± 10%, Ta = 0 ~ I'O°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 Pu Ise 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 

tm 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 

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

tRCH Read Command Hold Time 0 - 0 - 0 - ns _. 
twp Write Pu Ise 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 

t OSW Data Set-Up Time Referenced to R/W 30 - 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 

~C Address Hold Time 20 - 25 - 30 - ns 12 

~EL Auto Refresh Cycle Time 135 - 160 - 190 - ns 

t RFO CE to RFSH Delay Time 40 - 50 - 60 - ns 

t FAP R FSH Pu Ise Width (Auto Refresh Cycle) 80 8,000 80 8,000 80 8,000 ns 13 

t FP R FSH Precharge Time 30 - 30 - 30 - ns 13 

tFCE RFSH Active to CE Delay Time 160 - 190 - 225 - ns 13 

t FSR 
R FSH Precharge to CE Delay Time 

65 - 80 - 95 - ns 13 
(Auto Refresh Cycle) 

tFAS R FSH Pu Ise 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 

l (Refresh Counter Test Cycle) 
ns 

R FSH Hold Time 
65 8,000 65 8,000 65 8,000 tFHT (Refresh Counter Test Cycle) 

ns 

tREF Refresh Period - 4 - 4 - 4 ins 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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CAPACITANCE (Voo = 5V, f = 1 MHz, Ta = 25°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll I nput Capacitance (AO ~ A 14) - 5 pF 

CI2 Input Capacitance (CE, OE/RFSH, R/VV) - 7 pF 

CIO Input/Output Capacitance (1/01 ~ 1/08) - 7 pF 

NOTE: This parameter is periodically sampled and is not 100% tested. 

NOTES: 
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. looD depend on cycle rate. 
4. looD depend on output loading. Specified value are obtained with the output open. 
5 .. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 

operation is achieved. 
6. AC measurements assume tT == 5ns. 
7. V IH (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 Land rr == V IH , respectively. 
10. t CHZ ' 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. All address are latched at the falling edge of CE, and must be valid during tASC and tAHC. 
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 FeE and t FSR 
Sel f refresh: t FRS 
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TC51832P/SP/F-85, TC51832P/SP/F-l0 
TC51832P/SP/F-12 

TIMING WAVEFORMS 

• READ CYCLE 

CE V1H -
V IL -

AO-A14 

VIH -

VIL -

VIH ----~--~----~------------------+-~----~------­
VIL -

I/o 1 - I/O 8 V OH - -------+-------+------W 
VOL -

• WR ITE CYCLE 

CE vIH -

VIL --

AO-A14 

tOLZ 

I/o 1- I/O 8 V I H - __________________ -<1 

tOHZ 

DATA-OliT 

ljZ] Don't Care 

tCWL 

tDSW 

tDSC tDHC 

DA TA- IN 
V I L - 10'------------"1"" 

~ Don't Care 
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TC51~832"/SP/F~85,~TcaI8~32p IS'/F~10 
TC51832P1SP1F-12 

• READ WR ITE CYCLE 

CE 

AO-A14 

o Ej/RFSH 

1/01-1/08 

LOUT 

v1H -

V1L -

v1H -

VIL-

V1H-

VIL -

V 1H -

V
1L 

-

tRCS 

• CE ONLY REFRESH CYCLE 

tAHC 

ADDRESS 

tOHC 

[2Z] Don't Care 

V1H _-~---t 1-------------------1 

AO-A7 

v1L-

V1H­

V1L-

tARC 

:9 
1/01-1/08 VOH- OPEN _______ ~~_ 

VOL-----------------

~Don' t Care 
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• AUTO REFRESH CYCLE 

TC51832P/SP/F~85, TC51832P/SP/F·l,O 
TC51832P/SP/F-12 

VI H _-----i, 

VIL -

1/01-1/08 VOH-
VOL _--------- OPEN 

NOTE: AO ~ A 14, RNV = Don't Care 

• SELF REFRESH CYCLE 

~:: = rJ.=-t-RF-D-,--------1fr-------,. 'FRS}---
::: _ - ~4~' ___ --1:.~rA_S ____ -"IY--- I 

1/01-1/08 VOH - _________ _ OPEN 
VOL -

NOTE: AO ~ A 14, R/W = Don't Care 
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c't'"~''' ',' , _ 0" ' '~ ~,c~ ; 00 

,CV~ ':;,:\;O~:) ~~ ~~-: 

• REFRESH COUNTER TEST CYCLE (READ WRITE) 

tru,.rw i tp d~ ~'-.- d~ VIH -- - __ tCE ::Vf -
VIL - II 
~ ~: _Ijj( ///11/ 11/ II /1////11 II ///11 ///// II II // ///11// //11 11/ 111/1111/11 II AO-A14, 

OF/RFSH VIH -

VIL -

VIH 

VIL -

I tFRD I II ~ tFST tFHT I I 

Y ! 
I tRCS 

tCWL I 
twp 1 

! \ 
~ 

'{ 

tDSw I fDHW 

tDSC I~ 
VIH -

,IN VIL -
DATA-IN 

1/01-1/08 

LOUT 
VOH -

VOL -

J.
tWHZ

• 

tCEA I tOHZ t..'lLZ! tCHZ 

~ t!m DATA-OUT 
It-

tCLZ 

~Don't Care 

REFRESH COUNTER TEST 
The internal refresh operation of TC51832P/SP/F can be tested by REFRESH COUNTER TEST. 

This cycle performs R EAD/WR 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. 
(2) 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 (2). 
@ Read"l" 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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TC51832P/SP/F-85, TC51832P/SP/F-l0 
TC51832P ISP IF-12 

OUTLINE DRAWINGS (6D28A-P) 

28 

1 

38.0 MAX 

1.4 ± 0.15 

1.2± 0.15 2.54±O.25 

15 

14 

If 
lJ 

Unit in nun 

15.24 ±0.2 5 

+ 0.1 II 025 - 0.0 5 

NOTE: Each lead pitch is 2.54mm. 
All leads are located within O.25mm of their true longitudinal position with 
respect to No.1 and No.28 leads. 
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• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

Unit in nun 

28 15 

1 14 

I llUO.3 

~~r-----.J 
.1 1.15 

±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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TOSHIBA MOS MEMORY PRODUCTS 
32,768WORDX8 BIT CMOS PSEUDO STATIC RAM TC51832Pl/SPl/FL-85, TC51832Pl/SPl/FL-10 
SILICON GATE CMOS TC51832Pl/SPl/FL-12 

DESCRIPTION 

The TC51832PL/SPL/FL is a 256K bit high speed 
CMOS pseudo sta tic R AM organ ized 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% 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 

s€lf refresh. The TC51832PL/SPL/FL 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.! 
TC5l832PU TC51832PLj TC5l832PL/ 303mW (TC51832PL/SPL/FL-85) 

248mW (TC51832PL/SPL/F L-1 0) 
220mW (TC51832PL/SPL/F L-12) 

SPL/FL-85 

tCEA CE Access Time 85ns 

tOEA OE Access Time L 35ns 

t RC Cycle Time __ L135ns 

• Single Power Supply: 5V ± 10% 
• Static RAM like Write Function 

PIN CONNECTION (TOP VIEW) 

A14 VDD 

A12 2 . ./11 

i-.7 A13 

A6 A8 

A5 A9 
.'-.4 All 

A3 OE RFSH 
A2 A10 
A1 CE 
AO 1/08 

1/01 1/07 
1/02 1/06 

1/03 1/05 

GND 1/04 

PIN NAMES 
-------

AO~ A14 Address Inputs 

R/IN Read/INrite 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-10 SPF/FL-12 

lOOns l20ns 

40ns 50ns 

l60ns 190ns 
--

BLOCK DIAGRAM 

Standby: 1.1 mW (Max.) 
Self Refresh: 1.lmW (Max.) 

• Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 

R /W o--.....:.....LJ------------------I 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTES 

VIN Input Voltage -1.0'" 7.0 V 1 

VOUT Output Voltage -1.0"'7.0 V 1 

VDD Power Supply Voltage -1.0"'7.0 V 1 

TOPR Operating Temperature 0'" 70 °c 1 

TSTG Storage T emperatu re -55'" 150 °c 1 

TSOLDER So Ideri ng T emperatu reo Ti me 260·10 °C·sec 1 
-------. 

PD Power Dissipation 600 mW 1 

lOUT Short Circuit Output Current 50 mA 1 

D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0'" 70°C) 

SYMBOL ITEM MIN. TYP. MAX. UNIT NOTES 

VDD 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 

D.C. ELECTRICAL CHARACTERISTICS (VDD = 5V ± 10%, Ta = 0'" 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

OPERATING CURRENT TC51832PL!SPL!FL-85 - 55 

I DDO Average Power Supply Operating Current TC51832PL!SPL!FL-l0 - 45 mA 3,4 
(CE, Address Cycling: tRC = tRC MIN) TC51832PL!SPL!FL-12 - 40 

STANDBY CURRENT 1 

IDDSl Power Supply Standby Current, TTL Level Input - 1 mA 
(IT = OE/R FSH = VIH ) 

STANDBY CURRENT 2 

I DDS2 Power Supply Standby Current CMOS Level Input - 0.2 mA 
(CE = OE/R FSH = VDD-0.2V) 

SELF REFRESH CURRENT 
IDDF Average Power Supply Self Refresh Current - 0.2 mA 

(CE = VDD-0.2V, OE/RFSH = 0.2V) 

INPUT LEAKAGE CURRENT 

II (L) I nput Leakage Cu rrent, any Input -10 10 J.lA 
(OV.;;; VIN .;;; VDD, All Other Inputs not under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 J.lA (DOUT is disable, OV.;;; VOUT .;;; VDD) 

VOH 
OUTPUT HIGH LEVEL 2.4 - V 
Output "H" Level Voltage (loUT =-5mAl 

VOL 
OUTPUT LOW LEVEL - 0.4 V 
Output "L" Level Voltage (lOUT = 4.2mA) 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-l0 
TC51832PUSPUFL-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VDD "" 5V ± 10%, Ta "" a ~ 70°C) (Notes 5, 6, 7, 8,9) 

TC51832SP L/ TC51832PL/ TC51832PL/ 
SYMBOL PARAMETER SPL/F L-85 SPL/FL-l0 SPL/F L-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 Pu Ise 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 

tOLZ OE to Output in Low-Z 
0 0 - 0 - 0 - ns 

tWLZ RJIN to Output in Low-Z a - a - 0 - ns 

tCHZ CE to Output in High-Z a 25 0 30 0 35 ns 10 

tOHz OE to Output in High-Z a 25 0 30 0 35 ns 10 

tWHz R/W to Output in High-Z 0 25 ° 30 0 35 ns 10 

t OHC OE Hold Time Referenced to CE 0 - a - 0 - ns 

tosc 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 ° - a - 0 - ns 

twp Write Pu Ise 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/VV 0 - ° - 0 - ns 11 

tOHC Data Hold Time Referenced to CE 0 - 0 - 0 - ns 11 

tASC Address Set-Up Time 0 - 0 - 0 - ns 12 

tAHC Address Hold Time 20 - 25 - 30 - ns 12 

tFC Auto Refresh Cycle Time 135 - 160 - 190 - ns 

tRFO CE to R FSH Delay Time 40 - 50 - 60 - ns 

tFAP R FSH Pu Ise Width (Auto Refresh Cycfe) 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 - 13 (Auto Refresh Cycle) 
- ns 

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 13 (Self Refresh Cycle) 
- - ns 

tFST 
R FSH Set-Up Time 
(Refresh Counter Test Cycle) 

10 30 10 30 10 30 ns 

RFSH Hold Time 
tFHT 

(Refresh Counter Test Cycle) 
65 8,000 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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·TCiI83te~~~YT,,$(~ft.irG 
TCS1832PL/SPllFl~12 

CAPACITANCE (Voo = 5V, f = lMHz, Ta = 25°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO""' A14) - 5 pF 

CI2 Input Capacitance (CE, OE/RFSH, RNJ) - 7 pF 

CIO I nput/Output Capacitance (1/01 ""' 1/08) - 7 pF 

NOTE: This parameter is periodically sampled and is not 100% tested. 

NOTES: 
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/RFSH is required after power-up before proper device 

operation is ach ieved. 
6. AC measurements assume tT = 5ns. 
7. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between V IH and V IL . 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 
9. The OE/RFSH input operates as the output enable input (OE) and refresh control input (RFSH) under the 

condition of that CE = VI Land CE = V IH , 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 input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 

must be valid during-set-up time (t osw , tosc ) and hold time (tOHw, tOHcl. 
12. All address are latched at the falling 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 = V IH . 
Auto refresh: OE/RFSH 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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TC51832PUSPUFl-85, TC51832PlISPllFL-18 
TC51832PlISPllFl-12 

TIMING WAVEFORMS 

• READ CYCLE 

tp 

AO-A14 
VIH -

VIL -

R/W 

tOEA tOHZ 

I/OI-I/08 VOH ------1-----4----<11 DATA-OUT 
VOL -- tOLZ 

tCLZ ~Donl t care 

• WR ITE CYCLE 

VIH -­
AO-A14 

R/W 
VIH _---------, 1-__ ---tWP-----I .k-.-..:.....~-----~--

VIL ---------~-------~~-~-----------
tDSW 

tDSC 

I/O I-I/O 8 
VIH - __________ --{) 

VIL - F----------~ 

~ Doni t care 
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" •• ft ..... }~~.;~.i 
, rC61a3Z'Pl/S.'l/fl-lZ 

• READ WRITE CYCLE 

C~/ R?SH 
VIH 

VIL 

tRMW 

tOHC 
f---

I\~ J 
II ~ 

7 
I tRCS tCWL 

! I 
Fl./?{ 

VIH 
VIL ./ \ twp 

tDSW tDHW I 
tDSC J~ 

lIN 
VIH 

VIL 

r-
DATA-IN ,... 

tCEA tWH 
r---

I/O I-Va 8 

LOUT 
VOH 

VOL 

tOEA tOHZ H tCHZ 

~r- DATA-OUT fWii!L~ 
tOLZ 

teLL ~Donl t care 

• CE ONLY REFRESH CYCLE 

CE VIH 

VIL 

AO-A7 
VIH 

VIL 

OVEFSH 
VIH 

VIL 

B/N 
VIH 

VIL 

va 1-1/08 
VOH 
VOL 

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

E2L3 DOn I t care 

- E-18 -



• AUTO REFRESH CYCLE 

CE 
VIH 

VIL 

VIH 
oEY RFSH 

VIL 

I/Ol-I/08 
VOH 

VOL -

• SELF REFRESH CYCLE 

tRFD 

NOTE: 

TC51832PL/SPL/FL-85, TC51832PL/SPL/FL·l 0 
TC51832PL/SPL/FL -12 

tFC 

OPEN 

AO ~ A 14, R/W = Don't care 

CE 
v

IH =-1 
'1' 'FAS; 

} V 'FRS 
VIL 

tRFD 

VIH 
OEVRFSH 

VIL -

I/Ol-I/08 VOH - _________ _ OPEN 
VOL -

NOTE: AO ~ A 14, R/W = Don't care 
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JC51;832,PLl8'lIft~85, .JC5:1,8,32Pl/SPLJFL"18 
JC51832p·l/SPUFl-12 

• REFRESH COUNTER TEST CYCLE (READ WRITE) 

VIH 
CE 

VIL 

AO-A14 VIH 

VIL 

oE/ RFSH 
VIH 

VIL 

R/W 
VIH --

VIL -

lIN 
VIH 

VIL 

I/Ol-V08 

LOUT VOH 

VOL 
tCLZ 

REFRESH COUNTER TEST 

tRMW 

[iZJ Don I t care 

The internal refresh operation of TC51832PL/SPL/F L can be tes-wd bV R EFR ESH ' ..... OUNTE R 
TEST. This cycle performs READ/VVR ITE operation taking the internal coun~Jr 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 msoe. 
~ Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

th is operation 256 times. 
Q) Check "1" out of 256 bits at normal read mode, which was written at ~. 
@ Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. Repeat 

th is 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, TC51832PUSPL/FL -10 
TC51832 PL/SPL/FL -12 

• OUTLINE DRAWINGS (6D28A-P) 

Z 
H 
;:;; 
(\/ 

ri 

Unit in mrn 
28 15 

1 14 

15.24 ±0.2 5 

,SO MAX ~ ~ I 
~~~~~~ ,~Yl--------N 

u 
+ 0.1 II 0.25 - 0.0 5 

1.4 ± 0.15 

" 0.2 5 ~g:~ 5 

12±0~ 5 2.5 4±0.2 5 

NOTES: Each lead pitch is 2.54mm. All leads are located within O.25mm of their true 
longitudinal position with respect to No.1 and No. 28 leads. 
All dimensions are in millimeters. 
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Tt6Jl~8'31:P:tJSR,tlft~8,5',·,·lB6:l~8jZP:tjS',lift.~l".· 
TB51832PL/SPL/FI.-12 ,. . , 

• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

Unit in mm 

28 15 

1 14 

;g I lIB. 0.3 

~~~--;J 
-I 1.15 • 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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TOSHIBA MOS MEMORY PRODUCTS 
CD:ESCRIPTION 

TC518128P-l0, P-12, PL-l0, PL-12 
TC518128F-l0, F-12, FL-l0, FL-12 

The TC518128P/F is a 1Mbit high speed CMOS Virtually and Pseudo Static 
RAM organized as 131,072 words by 8 bits. The TC518128P/F utilizing one 
transistor dynamic memory cell with CMOS peripheral circuit provides lQrge 
capacity, high speed and low power features. The feature includes &ingle 
power supply of 5V±10~. 

The TC518128P/F has Virtually Static RAM mode (VS mode) and Pseudo 
Static RAM mod~S mode). PS mode has contro~ of refresh operation 
determined by RFSH input. This refresh operation is easy to operate because 
of having two types of refresh operation -- Auto Refresh and Self Refresh. 
As VS mode controls all refresh operation on chip by fixing ilL" on RFSH pin, 
it is usable static RAM. 

The TC518128P/F is a pin-compatible with 1M bit CMOS Static RAM-JEDEC 
standard and is moulded in a 32pin standard 0.6 inches width plastic DIP 
and small-out line plastic flat package. 

I FEATURES I 

.Organization:1Mbit (131,072wordx8bit) • Low Power Dissipation 
Fast Access Time and Cycle Time 

--------- PS mode 
-10 -12 

tCEA CE Access Time 100 120 
tOEA OE Access Time 40 40 

VS 
-10 
160 

40 

mode 
-12 
190 

40 

o Operating: 330mW(MAX) :P/PL/F/FL-10 
: 275mW(MAX) :P/PL/F/FL-12 

oSelf Refresh:O.28mW(MAX) VDD=5.5V 
(L-Version) :0.09mW(MAX) VDD=3V 

-VS mode:No Refresh control 
tRC Cycle Time, 160 190 220 260 required. 

• Single Power Supply:5V±10~ -PS mode:Two types of Refresh 
-Data Retention Voltage:3~5.5V (L-Version) operation capability . 
• AII inputs and outputs:TTL Compatible Auto Refresh:hy internal counter 
• 1,024 Refresh Cycle/16ms Self Refresh:by internal timer 

-32pin standard plastic package 
PIN CONNECTION I (TOP VIEW) (DIP) 

- 32pin mini flat plastic package 
VC() (SOP) 

A16 A1S 
A14 CE2 BLOCK DIAGRAM 
A12 RIW 

A7 A13 
A6 AS 

AS A9 
AA All VIlli orllJ 

A3 ce COLUMN 

P\1. AID DJ;COIJJ;R 

Al CEl 
AD 1108 co 

1101 1107 0 ...... 
1/02 1/06 H 2 
1103 IIOS 

~ eN) 1104 

PIN NAMES 

AO""A16 Address Inputs 
R/W Read/Write Control 

Input 
OE Output Enable Input 
RFSH Refresh Input 
cEl, CE2 Chip Enable Input~_ 
1/01",,1/08 Data Inputs/Outputs K/~·----~~ .. J-------------------------------~ 
VDD Power 
GND Ground 
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"~~l8t:2'P·lQ, Pr-12,,;~:Pl·lO, PL-12 
'lC5l18!J.28J~18, ,F~l2;,·· F£L·IO~.FL ~12 

I FUNCTION LOGIC 

ffi CE2 OE R/W RFSH AO~A16 

L H L H H/L V* 
L H * L H/L V* 
L H H H H/L v* 
H * * * L * 

I/Ob",a 
OUT 
IN 
l!Z 
HZ 

* L * * L * ___ l!Z 
H * * * H * HZ 
'* L * * H * HZ 

H High Level Input (VIN=VDD+0.5VNVIH min) 
L Low Level Input (VIN=VIL maxN -0.5V) 
* Don't care (VDD+0.5V~-0.5V) 

CONDITION 
Read 
Write 
CE on Iv Refresh 
Auto/Self Refresh 
Auto/Self Refresh 
Stand by 
Stand by 

V* - At CE1 falling edge (CE2=H) or CE2 rising edge (CE1=L), all address 
inputs are "IN", and at the other condition, the address input are "*". 

HZ - High Impedance 
H/L - H:PS mode 

L:VS mode 

VS mode and PS mode 

No ref~esh control is achieved by VS mode and high speed accessing is 
achieved by PS mode. 

VS mode and PS mode are chosen by controlling refresh terminal. VS mode 
is chosen by fixing "L" on RFSH pin, and PS mode is chosen by clock 
operation. 

MAXIMUM RATIMG 

__ ~YMBOL I ITEM RATING UNITS NOTE 
VIN Input Voltage -------- -1.0"-'7.0 V 

....YQ_UT Output Voltaqe ------- -1. O-VDD+O. 5 V 
VDD Power SU1212ly Voltage -1. 0'V1 .0 V 

- TOPR Operating TemperC!tur~_ 0",70 °c 1 
TSTG ~~age Tem12erature -55-150 °c 
TSOT ... DER Solderin~erature'Time 260·10 .oC· sec 

tTI Power Diss:!"pat ion _______________ 600 mW 
lOUT Short Circuit Output Current 50 mA 

I D. C. RECOMMENDED OPERATING CONDITIONS] (Ta=0.v70"C) 

SYMBOL ITEM M):N. TYP. MAX. UNIT NOTE 
VDD Power Supply Volage 4.5 5.0 5.5 V 
VIH In~ut High Voltage 2.2 - VDD+0.5V V 
VIL Input Low Voltage -0.5 - o.a V 2 

VOH Data Retention Voltage 3.0 5.0 5.5 V (L-Version only) 
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TC518128P-10, P-12,PI.-IO, PL-12 
TC518128F-l0, F-12, FL-l0, FL-12 

[ D.C.ELECTRICAL CHARACTERISTICS 
-------------,-----r----,---r-----r------, 

SYMBOL PARAMET_E_~R __________________________ +P~E=R~I~O~)D~M~r~N~.~M~AX~~.~U~N~I~T~Sr_~N~0~T~E~5~ 
IDDO Operating Current 

(Average Power Supply 
Operating Current) 

VDD=S.SV (Involved CE only 

160ns 

190ns 

60 

so mA 3,4 

Refresh and Auto Refres~ _________ ~L-~l~Us~ __ -__ ~-=l~O __ r_-__ +----__ ~ 
Standby Current I TC518128P/F - 2 I IDDSB1 
CE1=VIH or CE2= -----~--~~~--4 mA 
VIL, RFSH=VIH TC518128PL/FL - 1 

i*IDDSB2 Standby Current m, •• _ 

CE1=VDD-0.2Vor LC518128P/F v OD ~5~.~5~V-+---~-~1--~~mA~~ 

CE2=0.2V ~C518128PL/FL ~OH,~5~.=5~V~------1~=S~0-4 pA 
RFSH=VDD-0.2V~' \ I 3.0V - 30 

IDDF1 Self Refresh TC518128P/F - 2 
Current 
CE1=VIH or CE2= 
VIL, RFSH=VIL Fi~ 

TC518128PL/FL 

i-1*-r-D-D-F-2-+ Se If Ref re sh 
Current 
CEl=VDD-0.2Vor 
CE2=O.2V 

TC518128P/F VDn 5.5V - 1 

TC518128PL/FL ~OHJ1~5_._5_V_r--_---1~-S-O~ 
I r-------t RFSH=0.2V Fix 3.0V 

II{L) 

IO(L) 

VOH 

Input Leakage Current 
OV~VIN-S:VDO 

output Leakage Current 
Output Disable (CEl=VIH or CE2=VIL or 
OE=VIH or R/W=VIL), OV~VOUT~VOO 

Output High Level 
IOH=-5mA 

30 

-1 

-1 

2.4 

mA 

InA 

)lA 

)lA 

)lA 

v 
VOL output Low Level 

'--___ -'--=-1 O=L_=..:4.-.:..-=2-=m:=cA::..-_________________ . ______________ -'-__ -_-'--_0_._4--1-__ V ___ L--____ ----J 

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. 

CAPACITANCE (f=lMHZ, Ta=25°C) 

'SYMBOL PARAMETER MIN. MAX. UNIT 
CII 11}~t CaQacitance {AO-vA16 1 - 5 pF 
CI2 I!!Qut CaQacitance {CE1 ,CE2 ,Q~R/W,RF'SH) - 1 pF 
CIO Input/Output Capacitance - 1 pF 

NOTE) This parameter is periodically sampled and is not 100% tested. 
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(ELECTRICALCHARAcTERISTICS ~~D~ ~~~9~~~~§.~_ ~~_. OPE~AT~ON CONDITIONS 

PS mode 
(VDD=5V+I0%, Ta=0~70°C) (NOTES:5,6,7,8) 

SYMBOL PARAMETER 
-10 -12 

UNITS NOTES f--
MIN. MAX. MIN. MAX. 

tRC Random Read,Write Cycle Time 160 - 190 - ns _. 
tRMW Read Modify Write Cycle Time 250 - 295 - ns 
tCE CE Pulse Width 100 tREF 120 tREF ns 
tP CE Precharge Time 50 - 6.0 - ns 
tCEA CE Access Time - 1.0.0 - 120 ns 
tOEA OE Access Time - 4.0 - 40 ns 
tCLZ Chip Enable to Output in Low-Z 1.0 - 10 - ns 

tOLZ 
Output Enable to Output in 0 .0 - - ns 
Low-Z 

-------- -----
tWLZ Output Active from End of Write .0 - 0 - ns 

tCHZ Chip Disable to Output in 0 3.0 .0 35 ns 9 
High-Z 

tOHZ OE Disable to Output in High-Z 0 3.0 0 35 ns 9 

tWHZ Write Enable to Output in 0 3.0 0 35 9 ns 
High-Z 

' __ -0 _____ 

tODS OE Output Disable Set-Up Time .0 - .0 - ns 
tODH OE Output Disable Hold Time 1.0 - 1.0 - ns 
tRCS Read Command Set-Up Time .0 - .0 - ns ------
tRCH Read Command Hold Time .0 - .0 - ns 
tWP Write Pulse Width 7.0 - 85 - ns 
tWCH Write Comand Hold Time 7.0 1.0.0.0.0 85 10,.0.0.0 ns 
tCWL Write Command to CE Lead Time 7.0 - 85 - ns --
tDSW Data Set-Up Time from R/W 60 - 75 - ns 1.0 e----
tDSC Data Set-Up Time from CE 6.0 - 75 - ns 1.0 
tDHW Data Hold Time from R/W 0 - .0 - ns 10 
tDHC Data Hold Time from CE 0 - 0 - ns 10 
tASC Address Set-Up Time 0 - 0 - ns 11 
tAHC Address Hold Time 25 - 3.0 - ns 11 
tFC Auto Refresh Cycle Time 16.0 - 19.0 - ns 
tRFD RFSH Delay Time from CE 5.0 - 6.0 - ns 
tFAP RFSH Pulse Width(Auto Refres~) 80 8,.0.0.0 8.0 8 . .0.00 ns 12 
tFP RFSH Precharge Time 3.0 - 3.0 - ns 12 

- ----
tFCE RFSH to CE Active Delay Time 19.0 - 225 - ns 12 

tFSR CE Delay Time from RFSH 8.0 - 95 - 12 ns 
(Auto Refresh) 

tFAS RFSH Pulse Width(Self Refresh) 8.0.0.0 - 8,.00.0 - ns 12 

tFRS CE Delay Time from RFSH 19.0 - 225 - 12 ns 
(Self Refresh) --

tREF Refresh Period 
16 16 - - ms 

(1,.024 cycle, AQ",A9) 
tT Transition Time(Rise and Fall) 3 5.0 3 5.0 ns 
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TC518128P~10,P.12, Pl-l0,Pl-12 
TC518128F-l0,F-:12,FL';10,Fl-12 

ELECTRICAL CHARACTERISTICS AND RECOMENDED AC OPERATION CONDITIONS 

VS mode (VDD=5V±10%, Ta=0~70°C) (NOTES:5,6,7,8) 

SYMBOL PARAMETER -10 -12 UNIT NOTES 
MIN. MAX. MIN. MAX. 

tVRC Random Read,Write Cycle Time 220 - 260 - ns 
tVRMW Read Modify Write Cycle Time 310 - 365 - ns 

I 

tVCE CE Pulse Width 160 co 190 00 ns 
tP CE Precharge Time 50 - 60 - ns 
tVCA CE Access Time - 160 - 190 ns ---
tOEA OE Access Time - 40 - 40 ns 
tCLZ Chip Enable to Output in Low-Z 10 - 10 - ns 

---

tOLZ Output Enable to Output in 0 - 0 - ns 
Low-Z 

tWLZ Output Active from End of Write 0 - 0 - ns 

tCHZ Chip Disable to Output in 0 30 0 35 ns 9 
High-Z 

tOHZ OE Disable to Output in High-Z 0 30 0 35 ns 9 
--

tWHZ Write Enable to Output in 0 30 0 35 9 ns 
High-Z 

-
tODS OE Output Disable Set-Up Time 0 - 0 - ns 
tODH OE Output Disable Hold Time 10 - 10 - ns 
tRCS Read Command Set-Up Time 0 - 0 - ns 
tRCH Read Command Hold Time 0 - 0 - ns 
tWP Write Pulse Width 130 - 155 - ns 
tVWH Write Comand Hold Time 130 10000 155 10000 ns 
tVWL Write Command to CE Lead Time 130 - 155 - ns 
tDSW Data Set-Up Time from R/W 60 - 15 - ns 10 
tDSC Data Set-Up Time from CE 60 - 15 - ns 10 

--- ---

tDHW Data Hold Time from R/W 0 - 0 - ns 10 
tDHC Data Hold Time from CE 0 - 0 - ns 10 
tASC Address Set-Up Time 0 - 0 - ns 11 
tAHC Address Hold Time 25 - 30 - ns 11 
tVRS VS mode Set-Up Time 0 - 0 - ns 
tVRH VS mode Hold Time 0 - 0 - ns 
tT Transition Time(Rise and FaIIJ __ 3 50 3 50 ns 
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/ c,' 

':,lC6lt'i_8~'IIJ~';~~1'2~,:>P,(~t1r~\:"'1~J;2' 
TC5,J8128F~1 O;\F·12~,:Fl·'JO,,',:Fl~12 

NOTES: 

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

2) All voltages are reference to GND. 

3) IDOO depend on cycle rate. 

4) IOOO depend on output loading. Specified value are obtained with the 
output open. 

5) An initial pause of 100~s with high CE1 or low CE2 is required after 
power-up, before proper device operation is achieved. 

6) AC measurements assume tT=5ns. 

7) Timing Reference Level 
Input Level VIH=2.4V 

VIL=0.6V 
Reference Level: VIH=2.2V 

VIL=O.8V 
VOH=2.2V 
VOL=0.8V 

Ifl.XJt 

0lJtpJt 

2.4V 

O.6V 
2.2V 
O.BY 

----f--.J 

2.'ZY 
O.8V 

Input RefertflCe ~t Reference 
level Level 

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

9) tCHZ, tOHZ, tWHZ define the time at which the output achieves the open 
circuit condition and is not reference to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CE1 
rising edge and CE2 faling edge. Therefore the inut data must be valid 
during set-up time (tOSW,tDSC) and hold time (tOHW,tOHC). 

11) All address inputs are latched at the falling edge of CE1 and the rising 
edge of CE2. Therefore the all address inputs must be valid during tASC 
and tAHC. 

12) Two refresh operation - auto refresh and self refresh are defined by the 
RFSH pulse width under the condition of CE1=VIH or CE2=VIL. 

Auto refresh:RFSH pulse width~tFAP (max.) 
Self refresh:RFSH pulse width~tFAS (min.) 

In case of using PS mode, the following timing parameter must be kept 
for device proper operation after refresh. 

Auto refresh:tFCE and tFSR 
Self refresh:tFRS 
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I TIMING WAVEFORMS 

vs ~ REP{) CYCLE 

GEl 
VlL 

CE2 
VlH 

VlL -

VlH 
AO-Al6 

VlL -

VlH 
CE 

VlL 

VIH 
RIW 

VlL -

1101-1108 

tVRS lCLZ 

VlH 
RFSH 

VlL 

PS MCX:::E REfID CYCLE 

VlH 
GEl 

VlL -

VlH 
CE2 

V1L -

VlH -
AO-Al6 

V1L -

V1H a:: 
VlL -

RIW 

1101-1108 

VlH 
RFSH 

VIL 
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TC518128P-l0, P-12, PL-l0, PL-12 
TC518128F-l0,F-12, FL-l0,Fl-12 

tVRC 

tRC 



CEl 

CE2 

AO-A16 

RIW 

0' !~, '~,~: "";':; ,,4" 

lVRMW 

~ .... _________ t~ __________ ~ ~ 

~:-_~--~~\~ ________________ ~~~-r~---

~ V-

tvWL 

VIH -----t-t---1Il 

VlL------~+----+,~--~~~+-------~------­
tRCSL 

tVWH 

VJH ,p 

VJL-----If'" 
tWP ,'Jr-++----

" '..\I 
.'- ~. ~ _ _+t-trl---C­
tOSW.... J L.14 ... ~~~tDH-W-

I D~ VJVJHL -_-------tt---~1:::~~:t~~D~a~!!In~~~lt-1-----tOEA lWHL 
lVCA 14-" .... -

JIO

L
I-1108 va; _ ~--l-----.~. ~ 

DCX.JT va.. - tOLZ pc Data lAIl9Ut ?WlZ I i<r' 
t'-IRS ... tCLZ· --~ tVRH 

VJH -~ ~. \... -.v---
RFSH VlL , I 

PS MCO:: RE.AO MCDIFY WRITE CYC'..LE 

CEl 

CE2 

AO-A16 

C£ 

RIW 

VJH 
VJL -.~ 

VJL 
:, VJH -

... 

~ 

I 

VlH 

tASC L ~_LAJ-C 

·~AddressX 
VJL 
'- I 

VIH 

VJL 
~ 

tRCSI. ... -
VJH 

.----If'" VlL -

R t MW 

lCE ~ 
I ~ 

" v= 
:',: 'c >;:;,;:<, ',:,,: 

' ~"~ 

tCWL 

./ 
lWP .I 

tWCH ," 
~ JA" 

lsw 
tOSw trl_C 

I ta-lW 

, Data Intp., t 
VJH r DIN 

\ VJL -
tCEA 

~.:! r~ 001-1100 

L ~-
DaJT 

RfSH 

va... -

VJH 

VJL -

tFRS 
tFSRL. -- -

---fi 

-. ta1Z , ta-il -. 
~ p ~ ,~ 

.. " .... ' ~ ~~.l' lDt,Z tWLZ I --~ 
teLZ .1 tRFD -

~ 

- E-30 -



~ M:a: WRI1E CYQE 

VIH 
CEl 

VIL 

VIH 
CE2 

VIH 
AO-A16 

VlL -

VlH -
C£ 

VlL 

VlH 
RIW 

VlL 

VlH -

r DIN 
VlL -

1101-1/08 

LOUJT VI:l-t -
va.. -

VlH --
RFSH 

VlL 

PS M:a: WRITE CYQE 

VlH -
CEl 

VlL -

VlH -
CE2 

VlL 

VlH 
AO-A16 

VlL 

VlH 
C£ 

VlL -

VlH 
RIW 

Vll -

VIH -

r DIN 
VlL -

)101-1/08 

LIJCUT 
VI:l-t -
va.. -

VlH -
RFSH 

VlL -

Hl-z 

Hi-z 

TC518128P-10, P-12, PL-10,PL-12 
TC518128F-10, F-12, FL-18,FL-12 

tYRC 

tRC 
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'TC&"812"~181 :pw'2"t.,t:D". P:k~';2' 
lca'"J1Z8:f·I'"';f"12,,fL~l~; ,F'l~II~,'\ 

CE eN-Y REFRESH 

tRC 

VlH 
CEl 

VlL -

VlH -
CE2 

VlL -

VlH 
IVJ-A9 

VlL 

VlH a:: 
VlL -

VlH 
RIW 

VlL -
VG-f-

1101-1108 ----~--------~N--------~-----va... - tFRS 
tFSR 

RFSH 
VlH 
VlL 

~TE : ~ R/W, AlD-A16 -- Dol't care 
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TC518128P-l0, P-12, PL-l0, PL-12 
TC518128F-l0, F-12, FL-l0, FL-12 

AUTO REFRESH 

VlH -
CEl 

Vll -

VlH -
CE2 

Vll -

VIH -
RFSH 

Vll -

\10-1-
llOl-I/M ----------------~N------------------va.. -

1'XJ1E : OE, RIW, AO-Al6 ••• Don't care 

SELF REFRESH 

eEl 
VJl -

VIH -
CE2 

VJL -

VIH -
RFSH 

VIL -

\10-1-
1101-1/08 ----------------~N------------------va.. -

NOTE: OE, RIW, AO-Al6 ••• OOO't care 
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OUTLIME DRAWINGS DIP 32PIN 

32 17 

1 Ib 

~ . 

~ 
__ Zr I I 
I 

O.S±O.l5. 2.51 

~ UtO.I:) I 

Note: Each lead pitch is 2.54mrn. 

Unit:mm 

I 15.2 .ttY? 

j 

\ 
\ 

~ 

--U-
.) _ -t- 0.1 

0.- ;:J _ 0.0 5 

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

with respect to No.1 and No.32 leads. 
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SOP 32PIN 

Unit:mm 

9.OM!\X 

1. 1.6 

~ 12.2~.3 _I 

0015)'0\ ~ 

Note:Lead pitch is 1.27mm and tolerance is ±O.12mm against 
theoretical center of each lead that is obatined on the 
basis of No.1 and No.32 leads. 
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rm1l1f . ..~{~tf~Pt~fo;,~;t~ 
lC,5l8l28'F~10:, :F·12,FL·18,.FL~12·· 
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TOSHIBAMOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

IOEseRI PTION/ 

TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

The T~lli20l8AP is a 16,384 bits high speed and low power static random access memory 
organized as 2,048 words by B bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of l50mA/l35mA/l35rnA. When tS goes high, the device is deselected and placed in a 
low power stan~by mode in which maximum standby current is 20rnA. 
Thus the TMM20lBAP is most suitable for use in cache memory and high speed storage. 
The T~lli20l8AP is offered in a 24 pin standard plastic package with 0.3 inch width for 
high density assembly. 
The T~rn20l8AP is fabricated with ion implanted N channel silicon g3te MaS technology 
for high performance and high reliability. 

IFEATURESI 

• Fast access time 
tACC=25ns: TMH20l8AP-25 
tAcc=35ns: TMM20l8AP-35 
tAcc=45ns: TMM20l8AP-45 

• Low power dissipation 
I ec=l50rnA: TMM20l8AP-25 
I ec=135rnA: THH20l8AP-35 
Iec=135mA: TMH20l8AP-45 
ISB=20mA 

!PIN COmlECTION! 

A7 vC8 

A6 A8 

A5 A9 
A4 WE 
A3 OE 
A2 A10 

Al cs 
AO 1/08 

1/01 1/07 

1/02 1/06 

1/03 1/05 

OND 1/04 

IPIN NAMESI 

AO ""AIO Address Ir,puts 

1/01 '\. 1/08 Data Input/Output 

es Chip Select Input 

• Single 5V power supply 
• Fully static operation 
• All inputs and outputs: Directly TTL compatible 
• Power down feature: eS=VIH 
• Output buffer control: OE 
• Three state outputs 
• Inputs protected: All inputs protection against 

static charge. 
• Package: 24 pin standard plastic package, 0.3 inch 

width. 

iBLOCK DIAGRAt·1! 

cs 
-L ~ 

A ~ "'-'-
~ -;. 5 ::::: c- ;5 - 0 A 60" ~ f-- a 

;. 7V" 
~ I-- f:i: 

0 
A 8 >-

~ ~ ~ A 9 :=t= a: 
Al 00-

~f--I....--

I/O Iv .... 
VO 2~ 

::'--
:----- II 1/0 3~ 
::'--- I I/O 4 
~ 

I/O 5 ::'---
I/O 6 

~ I/O 7-

- 1 ~ 
I/O 8 II -........ 

Jl.EMOhY 

CELL AHRAY 
( 128)" 16>:8 ) 

11 1 1 

--oVcc 

--oGND 

WE Write Enable Input 

OE Output Enable Input 

Vee Power (+5V) 

GND Ground 

~ 
cs - !::. 
WE 

;.. ::J "}-

T ---OE ~ "' 
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rMM2al'~Pr25" 'JI12t1lItAp.a,:; 
tMM28:1;8Af.;;45, ' 

MAXH1ur·, RATINGS 

SYHBOL ITEH RATING UNIT 

Vee Power Supply Voltage -3.S'\i7.0 V 

VIN Input Voltage -3.S'\i7.0 V 

VI/O Input/Output Voltage -3.5 '\i7.0 V 

Topr Operating Temperature o '\i 70 .,c 

Tstg Storage Temperature -55 '\i ISO °c 

Tsolder Soldering Temperature o Time 260 0 10 °Cosec 
PD Power Dissipation 0.9 W 

lOUT D.C. Output Current 20 rM 

D.C. RECO~1ENDED OPERATING CONDITIONS 
SYHBOL PARAHETER MIN. TYP. MX. UNIT 

VIH Input High Voltage 2.0 - VCC+1.0 
VIL Input Lm..., Vol tage -3.0* - 0.8 V 

VCC POvJer Supply Voltage 4.5 5.0 5.5 

* Pulse Width: IOns, DC: -O.SV (MIN.) 

D. C. CHARP\CTERI STI CS (Ta=O '\, 70 CJ C, VCC=5V±10/~) 

SYMBOL PARAl1ETER CO}';lHTIONS MIN. MX. UNIT 

IlL I Input Current Vn~=O '\i Vec - ±I-O ~A 

VOH Output High Voltage IO!-I=-4.0mA 2.4 - V 

VOL Output Lm..., Voltage IOL=8.0mA - 0.4 V 
ILO Output Leakage Current VOUT=O '\, VCC, CS=VIH - ±1.0 ~A 

-25 - ISO 

ICC Operating Current es=v IL -35 - 135 rnA 

-45 - 135 

ISB Standby Current CS=VUI - 20 
rnA 

ISBP Peak Power-on Current CS=VCC, VCC=O '\is.SV - 40 

CAPACITANCE* (Ta=2SoC, f=lMHz) 

SYHBOL PARAHETER CONDITIONS HAX. UNIT 

eIN Input Capacitance VIN=OV 5 
pF 

eOUT Output Capacitance VOUT=OV 10 

* Note: This parameter is periodically sampled and is not 100% tested. 

- F-4 -



A. C. CHARACTERI STICS (Ta=O '\J 70°C, VCC=5V±10%) 

Read Cycle 

TMI2018Ap·25, TM12018A,..35 
T112018Ap·45 

SYHBOl PARAMETER THH20l8AP-25 THH20l8AP-35 TMM20l8AP-45 UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 25 - 35 - 45 -
tACC Address Access Time - 25 - 35 - 45 

tco Chip Select Access Time - 25 - 35 - 45 

tOE Output Enable to Output Valid - 15 - 20 - 20 

tClZ Chip Selection to Output in low-Z 0 - 0 - 0 -

tCHZ Chip Deselection to Output in - 15 - 20 - 20 
High-Z ns 

tOlZ Output Enable to Output in low-Z 0 - 0 - 0 -
tOHZ Output Disable to Output in High-Z - 12 - 15 - 15 

tOH Output Data Hold Time 5 - 5 - 5 -
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tpD 

Chip Deselection to Power Down 
20 30 30 Time - - -

\-.'rite Cycle 

THH20l8AP-25 THH20l8AP-35 THH2018AP-45 
UNIT SY~!30L PARA.'1ETER 

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

twc \-.'rite Cycle Time 25 - 35 - 45 -
tc~ I Chip Selection to End of Write 20 - 30 - 40 -
tAS ! Address Set Up Time 0 - 0 - 0 -
t\-.TP \-Jrite Pulse Width 20 - 30 - 35 - ns 
t\-'1R Write Recovery Time 0 - 0 - 0 -
t\"TLZ \\E to Output in low-Z 0 - 0 - 0 -
t\-.TtlZ WE to Output in High-Z - 12 - 15 - 15 

tDS Data Set Up Time 12 - 15 - 20 -
tDH Data Hold Time 0 - 0 - 0 --

A.C. TEST CONDITIONS 

Input Pulse Levels 3.0V/O.OV Vee 

Input Rise and Fall Times 5ns 

Input and Output Timing 
2.0V/0.8V Reference levels I/O PIN 0---_-..... 

Output load See Fig.l 

Fig.l OUTPUT lOAD 
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TI~lING WAVEFORr·1S 

READ CYCLE 1. (WE=VIH' CS=VIL) 

Add. 

tOLZ 

DOUT 

READ CYCLE 2. 

DOUT 

I 
:!c~ ----8~~~~ ___ --------t-PD----..:1 
J~l' ;¥ ~ '--------eUhhE.!IT 

\o."RITE CYCLE 1. 

twe 

Add. 

tew 
------------------~ 

tWI' 

tWLZ 

DOUT 

tDS 

DATA IN 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

WRITE CYCLE 2. 

twc 

Add. 

tcw 

tOHZ 

DOUT ____________________________ -J 

tDS 

DIN DATA IN 

Note: 1. In read cycle 2, all addresses are valid prior to or coincident 

with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 

flow exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 

24 13 

~::::::::::]] 
1 12 

30,OMAX 

0.5±O.15 .! 1 2_54j 0_25 

1.4 j 0.15 

Note: Each lead pitch is 2.S4rnm. 

Unit in mrn 

7.62±0.25 

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

position with respect to No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD X 4 BIT STATIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 

TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

The TMM2068AP is a 16,384 bits high speed and low power static random access memory 
organized as 4,096 words by 4 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135/120/120mA. When CS goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 
Thus the TMM2068AP is most suitable for us in cache memory and high speed storage. 
The T~lli2068AP is offered in a 20 pin standard plastic package with 0.3 inch width for 
high density assembly. 
The TMM2068AP is fabricated with ion implanted N channel silicon gate MaS technology 
for high performance and high reliability. 

FEATURES 
• Fast access time 

tAcc=25ns: TMM2068AP-25 
tAcc=35ns: T~lli2068AP-35 

tACC=45ns: T~lli2068AP-45 
• Lew power dissipation 

1CC=135mA: TMM2068AP-25 
1CC=120mA: TMM2068AP-35 
ICC=120mA: T~lli2068AP-45 
I SB=20mA 

• Single 5V power supply 
• Fully static operation 

PIN CONNECTION 

A7 Vee 
A6 A8 

A5 A9 
A4 A10 
A3 All 

A2 1/01 

Al 1/02 

AO 1/03 
es 1/04 

GND WE 

(TOP VIEW) 

PIN NA~1ES 

AO'VAII Address Inputs 

1/01 'V 1/04 Data Input/Output 

CS Chip Select Input 

WE ~~rite Enable Input 

VCC Power (+5V) 

GND Ground 

• All inputs and outputs: Directly TTL compatible 
• Power down feature CS=VIH 
• Three state outputs 
• Inputs protected: All inputs protection aganist 

static charge. 
• Package: 20 pins standard plastic package, 

0.3 inch width. 

BLOCK DIAGRM-1 

A 5 '"'--L ......... ;--y----, 

A 6 ~-I"'!i;--t----t 

A '7 ~...r.;;--t----t 

A 8 ~~;--t----t 

A 9 t>..1....J"1;--t----. 

Al 0 ~__I"o;--t----t 

AllO-+-4"lI;-r-, 

MEMORY 

CELL ARRAY 

(128):32/4 ) 

--0 Vee 

--0 GND 

I/Olo----.~~------k-~~--------~t_--~~--~ 

I/02o-~-;~+-~II--r-. 

I/O 3 o--.tt-[;~'t--"'I 
I/O 4 D--.ttt--t:>--:r--..... 

es AO Al A2 A3 A4 

es 
es o-t---<r, 
WE 
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r"288aA"~5~.···.·.11l1_06:8"~a5 ,', 
TI128881,.45,·\ '. . 

r\1AXH1UM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -3.5rv7.0 V 

VIN Input Voltage -3.5'V7.0 V 

VI/O Input/Output Voltage -3.5'V7.0 V 

Topr Operating Temperature o 'V 70 °c 

Tstg Storage Temperature -55 'V 150 °c 

Tsolder Soldering Temperature • Time 260 • 10 °C·sec 

PD Power Dissipation 1.0 W 

lOUT D.C. Output Current 20 rnA 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIR Input High Voltage 2.0 - VCC+1. 0 V 

VIL Input Low Voltage -3.0", - 0.8 V 

VCC Power Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: IOns, DC: -0.5V (Min.) 

D.C. CHARACTERISTICS (Ta=O 'V 70°C, VCC=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT 

IlL Input Current VIN=O 'V VCC - ±1.0 llA 

VOH Output High Voltage IOR=-4.0rnA 2.4 - V 

VOL Output Low Voltage IOL=8.0rnA - 0.4 V 
I LO Output Leakage Current VOUT=O rv VCC, CS=VIR - ±1.0 llA 

-25 - 135 
ICC Operating Current CS=V IL -35 - 120 rnA 

-45 - 120 
ISB Standby Current CS=VIR - 20 rnA 

ISBP Peak Power-on Current CS=VCC, VCC=O 'V 5. 5V - 40 rnA 

CAPACITANCE* (Ta=25°C, f=lMHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 
CIN Input Capacitance VIN=OV 8 pF 
COUT Output Capacitance VOUT=OV 8 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

A.C. CHARACTERISTICS (Ta=O '\, 70°C, VCC=5V±10%) 

Read Cycle 

TMM2068AP-25 TMM2068AP-35 TMM2068AP-45 
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT 

tRC Read Cycle Time 25 - 35 - 45 -
tAcc Address Access Time - 25 - 35 - 45 

tco Chip Select Access Time - 25 - 35 - 45 

tCLZ 
Chip Selection to Output in 

5 5 5 - - -
Low-Z 
Chip Deselection Output 

ns 
to 

0 15 0 20 20 tCHZ in High-Z -

tOH Output Data Hold Time 5 - 5 - 5 -
Chip Selection to Power Up 

0 0 0 tpu - - -Time 

tpD Chip Deselection to Power 20 30 30 - - -Down Time 

~~ri te Cycle 

TMM2068AP-25 TMM2068AP-35 THH2068AP-45 
SYMBOL PARAHETER UNIT 

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

tl.JC l.Jrite Cycle Time 25 - 35 - 45 -
Chip Selection to End of 20 - 30 - 40 -tcw Write 

tAS Address Set Up Time 0 - 0 - 0 -
tvJP ~~rite Pulse Width 20 - 30 - 35 -

ns 
tHR Write Recovery Time 0 - 0 - 0 -
tHLZ WE to Output in Low-Z 0 - 0 - 0 -
tWHZ WE to Output in High-Z 0 10 0 15 0 15 

tDS Data Set Up Time 10 - 15 - 20 -
tDH Data Hold Time 0 - 0 - 0 -

A.C. TEST CONDITIONS 

Input Pulse Levels 3.0V/0.OV 

Input Rise and Fall Times 5ns 
I/O PIN 

Input and Output Timing 2.0V/0.8V 
Reference Levels 

Output Load See Fig.l 

Fig.l OUTPUT LOAD 
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TMM2088AP~25, TIM2068A:'-35 
1_2068AP-45 

TIMING WAVEFORMS 

ADDRESSES 

DOUT 

READ CYCLE 2. (WE=VIH) 

DOUT 

SUPPLY Icc 
CUFiRENT I SEl 

--------' 

WRITE CYCLE 1. 

ADDhESSES 

DOUT 

tOH 

OUTPUT DATA VALID 

OUTPUT DATA VALID 

twc 

tcw 

twp 

HIGH IMPEDANCE 

tDS 

DATA IN 
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\.JRITE CYCLE 2. 

ADDRESSES 

DOUT 

twc 

fMM2068A'-25, fMM2068AP-35 
fMM2068A'-45 

tDS 

DIN DATA IN 

Note 1. In read cycle 2, all addresses are valid prior to or coincident with 

CS transition low. 

2. The operating temperature eTa) is guaranteed with transverse air flow 

exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 

Unit in nun 

20 11 

~:::::::::[] 
1 10 

24.6 MAX. a4TYP. 

z 
H 

:>< ::;; 

~ 
rl 
If) 

0 c:i , 
u:i I 

" Z 
H ,', 
~ ,1 
If) 1./ 
N 

0.25~g:65 0.5±0.15 2.54 ± 0.25 

1.4 ± 0.15 0- 15° 

Note: Each lead pitch is 2.54mrn. 

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

with respect to No.1 and No.20 leads. 
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8, 192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

IDESCRIPTIONI 

1MM2088P-35, 1MM2088P-45 

The TMM2088P is a 65,536 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 8 bits and operates from a single 5-volt 
supply. The TMM2088P is features an automatic stand-by mode when deselect by CSI 
signal. Thus the TMM2088P suitable for use in cache memory and high speed storage. 
The TMM2088P is offered in a 28 pin standard plastic dual in-line package with 0.3 inch. 
width for high density assembly. 

I FEATURES I 
• Access Time and Current 

Parameter Access Operating Standby 
• Inputs Protected: (All inputs have 

protection against 
static charge.) Part Time Current Current 

(MAX.) (MAX.) (MAX.) 

TMM2088P-35 35ns 135rnA I 5 rnA 
TMM2088P-45 4Sns 135rnA 15rnA IBLOCK DIAGRAM I 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Do~~ Feature: (CSI) 
• Output Buffer Control: (OE) 
• Three State Outputs 
• All Inputs and Outputs: 

(Directly TTL Compatible) 

I PIN CONi·1ECTION I 

Vee 
A12 WE 

A7 eS2 
A6 A8 
A5 A9 
A4 All 
A3 OE 
A2 A10 
Al eSl 
AO 1/08 

I/O 1 I/O 7 
I/O 2 I/O 6 
I/03 I/O 5 

I/O 4 

IPIN NAMES I 
AD '\, A12 Address Inputs 

\\1£ Write Enable Input 
OE Output Enable Input 

CSI, CS2 Chip Select Inputs 
1/01 '\, 1/08 Data Input/Output 

VCC Power (+5V) 
GND Ground 
N.C. INo Connection 

MSB 

A12 

I 
A5 

LSB 
I/Ol 

I 
I/O 8 

IOPERATION t.10DEI 

MODE CSI 
Write L 
Read L 
Standby H 
Standby L 

Output Buffer 
Disable L 
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WE 

OE 
eS2 

eSl 

CS2 
H 
H 

* 
L 

H 

A4~AO 
MSB LSB 

OE WE I/Ol '\, 8 Power 

* L In Active 
L H Out Active 

* * High-Z Standby 

* * High-Z Active 

H H High-Z Active 



"~ ,il ': ,~i ';:l)~' 
"0 'A 

'; :; . ,~:::~"~ 

_35~_"~· 

I ~1AX H1UM RAT I NGS I 
SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -3.S'V7.0 V 

VIN' VOUT . Input Output Voltage -3.5'V7.0 V 

Topr • Operating Temperature o 'V 70 °c 

Tstg. Storage Temperature -55 'V 150 °c 

Tsolder Soldering Temperature. Time 260 • 10 °C·sec 

PD Power Dissipation (Ta=70°C) 1.0 W 

I D. C. RECor,1MENDED OPERATING CONDITIONS (Ta=O 'V 70 b C) I 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+1.0 V 

VIL Input Low Voltage -3. O~~ - 0.8 V 

VCC Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: IOns, DC: -O.SV (Min.) 

[D.C. CHARACTERISTICS (Ta=O 'V 70 c C, VCc=5.0V+IO%[J -

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Leakage Current VIN=OV '\' 5. SV -1.0 1.0 ~A 

IOH Output High Current VOH=2.4V -4.0 - rnA 

IOL Output Low Current VOL=O.4V 8.0 - rnA 

ILO Output Leakage Current 
CS1=VIH or CS2=VIL or WE=VIL 

-1.0 1.0 llA 
or OE=VIH, VOUT=OV'VS.SV 

ISBP Peak Power-on Current CSl=VCC, CS2=OV, IOUT=OmA - 30 rnA 

ISB Standby Current CS1=VIH, IOUT=OmA - 15 rnA 

ICC Operating Current CSl=VIL, IOUT=OmA - 135 rnA 

I CAPACITANCE* (Ta=25°C f=l OMHziJ I 

SYMBOL PARAMETER CONDITION MAX. UNIT 

CIN Input Capacitance VIN=OV 8 pF 

COUT Output Capacitance VIN=OV 10 pF 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2088P-35, TMM2088P.45 

I A. C. CHARACTERISTICS (Ta=O 'U 70"C, Vcc=5V±10%) I 
READ CYCLE 

TMM2088P-35 TMM20 88P-4 5 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 35 - 45 -
tACC Address Access Time - 35 - 45 

teol CSl Access Time - 35 - 45 

tco2 CS2 Access Time - 25 - 25 

tOE OE Access Time - 20 - 20 

tOH 
Output Data Hold Time from Address 

5 Change - 5 - ns 
r--

tCLZ Output Enable Time from CSl or CS2 0 - 5 -
tCHZ Output Disable Time from CS1 or CS2 - 20 - 20 

tOLZ Output Enable Time from OE 0 - 0 -
tOHZ Output Disable Time from OE - 15 - 15 
tpu Chip Selection to Power Up Time 0 - 0 -
tPD Chip Deselection to POwer Down Time - 30 - 30 

vJRITE CYCLE 
TM'.' 20 88P-35 TMM2088P-45 

SYHBOL PARAMETER UNIT 
MIN. MAX. MIN. MAX. 

t\~e Write Cycle Time 35 - 45 -
tCYJ Chip Selection to End of Write 30 - 40 -
tAS Address Set Up Time 0 - 0 -
twp Write Pulse Width 25 - 35 -
tWR 

ns 
\.Jrite Recovery Time 0 - 0 -

tDS Data Set Up Time 15 - 20 -
tDH Data Hold Time 0 - 0 -
tWLZ Output Enable Time from WE 0 - 0 -
tWHZ Output Disable Time from WE - 15 - 15 

~ TESI CONDITIONS I 
IFig. 11 

Vee 

Input Pulse Levels 0.0 'U 3. OV 

Input Rise and Fall Time 5ns 510.0 

Input and Output Reference Levels 2.0V/0.8V I/O Pin o--.---~ 

Output Load Fig. 1 300.0 
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ITIMING WAVEFORMSI 

READ CYCLE (1) 

ADDRESSES 

CS2 

tOE 

High 
1m edance 

WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

CS2 

twc 

tcw 

tcw 

High 
Impedance 

tDS 

DATA IN STABLE 
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TMM2088P-35, TMM2088P.45 

WRITE CYCLE 2 (4) (ESI Controlled Write) 

twc 

ADDRESSES 

CS2 tcw 

tcw 

High Illpedan ce 

DATA IN 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

twc 

ADDRESSES 

CS2 tcw 

t CLZ(5) I tWHZ(5) . "1~ 
DOUT ------------------~ ~X;~I~~---------+~~~~~~--~----------

DATA IN 
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rMM2088P~35, TM12088P-45 

Note: 1. WE is High for Read Cycle. 

WE,CS2 

2. Assuming that CS1 Low transition or CS2 High transition occurs coin­

cident with or after WE Low transition, Outputs remain in a high 

impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coin­

cident with or prior to WE High transition, Outputs remain in a high 

impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the 

load shown in Fig. 1. 

(A) Output Enable Time 

(B) tCHZ' tOHz, tWHZ Output Disable Time 

-~ 
{f 

j--

.. ~ \ 
(A) 

I. 
(B) -

High Impedance '---
O.15V : -~ 
tll~5V ~

O~5V 
High Impedance 

O.15V 
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DIP 28 PIN OUTLINE DRAWING 

Unit in mrn 

28 15 

[::::::::::::: I] 
1 u 

Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBAMOS MEM8RYP88DU.CTS 
8,192 WORD X 9 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

iOESCRIPTIONI 

TMM2089P-35, TMM2089P-45 

The TMM2089P is a 73,728 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 9 bits and operates from a single 5-volt 
supply. The TMM2089P is features an automatic stand-by mode when deselect by CSI 
signal. Thus the TMM2089P is suitable for use in cache memory and high speed storage. 
TheTM}12089P has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089P is offered in a 28 pin standard plastic dual in-line 
package with 0.3 inch width for high density assembly. 

IFEATURES! 

• Access Time and Current 

~ 
Access Operating Standby 

• Inputs Protected: (All inputs have 
protection against 
static charge.) Part Time Current Current 

Number (MAX. ) (MAX. ) 

THM2089P-35 35ns l35mA 
UIH2089P-45 45ns l35mA 

• Single 5V Power Supply 
• Fully Static Operation 
• Pm.;rer Down Feature: (CSI) 
• Outpnt Buffer Control: (OE) 
• Three State Outputs 
• All Inputs and Outputs: 

(Directly TTL Compatible) 

IPIN CONfiECTION! 

AS Vc 

A7 WE 
A6 CS2 
A5 A9 
A4 AlO 
A3 All 
A2 BE 
Al A12 
AO CST 

I/O] I/O 9 
1/02 1/08 
1/03 1/07 
1/04 ,/06 
GND 1/05 

iPIN NAfvlESI 

AD 'V A12 Address Inputs 
HE Hrite Enable Input 
OE Output Enable Input 

CSl, CS2 Chip Select Inputs 
1/01 'V 1/09 Data Input/Output 

VCC Power (+5V) 
GND Ground 

(MAX. ) 

15mA ISLOCK OIAGRM·1! 
l5mA 

MSB 
A12 

{ 
A5~~---'" 

LSl:l 

1/09 

IOPERATION ~lODEI 

MODE CSI 

Hrite L 

Read L 

Standby H 
Standby L 

Output Buffer 
Disable 

L 
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WB 

CB 

CS2 

CSI 

CS2 

H 

H 

* 
L 

H 

OE HE 
,'( L 

L H 

* )'~ 

~" ,': 

H H 

----OVC1 : 

-----<)OND 

1/01 'V 9 Power 

In Active 
Out Active 

High-Z Standby 
High-Z Active 

High-Z Active 



IMAXH1Ut,1 RA~ 

SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -3.5rv7.0 V 

VIN, VOUT Input Output Voltage -3.5rv7.0 V 

Topr. Operating Temperature o rv 70 °c 
-----

Tstg . Storage Temperature -55 rv 150 °c 

Tsolder Soldering Temperature • Time 260 • 10 °C'sec 

PD Power Dissipation (Ta=70°C) 1.0 W 

ID.C. RECm1r~ENDED OPERATING CONDITIONS (Ta=O rv 70°C)\ 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+1. 0 V 

VIL Input Low Voltage -3.0'" - 0.8 V 

VCC Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: IOns, DC: -0.5V(Min.) 

-

SYHBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Leakage Current V1N=OV rv 5. 5V -1.0 1.0 lJA 

10H Output High Current VOH=2.4V -4.0 - rnA 
r------ ~- --- - - --- -- ------- -------------- r---------- --

10L Output Low Current VOL=0.4V 8.0 - rnA 

CSl=VIH or CS2=VIL or WE=VIL 
1LO Output Leakage Current -1.0 1.0 lJA 

or OE=VUI, VOUT=OV rv 5. 5V 

ISBP Peak Power-on Current CSl=VCC ' CS2=OV, 10UT=OrnA - 30 rnA 

ISB Standby Current CSl=VI H, IOUT=OmA - 15 rnA 

ICC Operating Current CSl=VIL, IOUT=OmA - 135 IT'A 

)CAPACITANCE* (Ta=25°C f=l.OMHz)\ , 
SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 8 

COUT Output Capacitance VIN=OV 10 
pF 

* Note: This parameter is periodically smapled and is not 100% tested. 
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TMM2089P-35, TMM2089P-45 

I A. C. CHARACTERI STl CS (Ta=O '\, 70°C, VCC=5V±lO%) I 

READ CYCLE 

SYMBOL PARAMETER 
TMM2080P-35 TMM2089P-45 

UNIT 
MIN. MAX. MIN. MAX. 

t RC Read Cycle Time 35 - 45 -
tACC Address Access Time - 35 - 45 

tCOl CSI Access Time - 35 - 45 

tC02 CS2 Access Time - 25 - 25 

tOE OE Access Time - 20 - 20 

Output Data Hold Time from Address 5 5 tOH - - ns 
Change 

tCLZ Output Enable Time from CSI or CS2 0 - 5 -
tCHZ Output Disable Time from CSI or CS2 - 20 - 20 

tOLZ Output Enable Time from OE 0 - 0 -
tOHZ Output Disable Time from OE - 15 - 15 

-
tpu Chip Selection to Power Up Time 0 - 0 -
tPD Chip Deselection to Power Down Time - 30 - 30 

l-JRITE CYCLE 

TMM2089P-35 TMM2089P-45 
SnmOL PARAMETER UNIT 

MIN. HAX. MIN. MAX. 
t\vC \.Jri te Cycle Time 35 - 45 -
tcs Chip Selection to End of Write 30 - 40 -
t AS Address Set Up Time 0 - 0 -
t \.JP \.Jrite Pulse Width 25 - 35 -
tvrR Write Recovery Time 0 - 0 - ns 

tDS Data Set Up Time 15 - 20 -
tDH Data Hold Time 0 - 0 -
tWLZ Output Enable Time from HE 0 - 0 -
t\-lHZ Output Disable Timf from WE - 15 - 15 

~.c. TEST CONDITIONSI IFig. 11 
Input Pulse Levels 0.OV/3.0V 

Input Rise and Fall Time 5ns 510.0. 

Input and Output Reference LevIes 2.0V/0.BV 

Output Load Fig. 1 
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ITUlING l~AVEFORrViSI 

READ CYCLE (1) 

CS2 

DOUT 

Hie;h 
1riJIJf)dance 

tOE 

tOLZ (5) 

tCLZ (5) 

tCLZ (0) 

HRITE CYCLE 1 (4) (HE Controlled \.Jrite) 

CS2 tcw 

tcw 

tWHZ (5) 

DOUT 
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TMM2089P-35, TMM2089P.45 

WRITE CYCLE 2 (4) (CSl Controlled \vrite) 

twe 

ADDRESSES 

twp 

WE 

eS2 tew 

tew 
eSl 

tWHZ(5) 

High Impedance 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

twe 

AD:JRESSES 

twp 

WE 

eS2 tew 

tew 

es 1 

tWHZ (5) 

DOUT 
High Impedance 

DATA IN STABLE 
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TI12089P-35, t1M2089P-45 

Note: 1. WE is High for Read Cycle. 

2. Assuming that CSl Low transition or CS2 High transition occurs coin­

cident with or after WE Low transition, Outputs remain in a high 

impedance state. 

3. Assuming that CSl High transition or CS2 Low transition occurs coin­

cident with or prior to WE High transition, Outputs remain in a high 

impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 

state during this period. 

5. These parameters are specified as follows and measured by using the 

load shown in Fig. 1. 

(A) tCLZ, tOLZ, tWLZ ....•....•. Output Enable Time 

(B) tCHZ, tOHZ, tHHZ ......•.... Output Disable Time 

(B) 

I r--:-----ff-------------.l---t- 0.15 V 

DOUT High Impedance O.15V High Impedance 
----------~ft__+_ 0.1 5 V 

~'"-----_+------------4_~c_ 0.1 EN 
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TM,M208g·P-35, TMM2D89P-45 

DIP 28 PIN OUTLINE DRAWING 

Unit in mm 

28 15 

[::::::::::::: I ~ 
1 M 

mAX. ~I 

~~j 
--r 

I +0.1 10.25_0.05 

1.2 ±0.15 2.54± 0.25 

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. 
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TOSHIBA MOS MEMORY PRODUCTS 
S,192WORDXS BIT CMOS 
STATIC RAM TC5588P/J-20, TC5588P/J-25, 

TC5588P/J-35 
DESCRIPTION 

The TC5588P/J is a 65,536 bit high speed static ran­
dom access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operated from a single 
5-volt supply. Toshiba's high performance device tech­
nology provides both high speed and low power features 
with a maximum access time of 20ns/25ns/35ns and 
maximum operating current of 120mA at maximum 
cycle time. The TC5588P/J also features an automatic 

FEATURES 
• Fast access time: 

TC5588P/J-20 
TC5588P/J-25 
TC5588P/J-35 

20ns (MAX.) 
25ns (MAX.) 
35ns (MAX.) 

• Power dissipation: Operation 120mA (MAX.) 
Standby 20mA (MAX.) 

PIN CONNECTION 

N.C. 28 Vec 
AI2 Z7 WE 

A7 3 26 CE2 

A6 25 AR AS 

A5 24 A9 A9 

A4 6 23 All A4 6 23 All 

A3 7 22 liE A3 7 22 OE 
A2 8 21 AIO A2 8 21 AIO 

Al 9 20 ffi Al 9 <0 eEl 
AO JO 19 I/OS AO 10 19 1/08 

1/01 11 IS 1/07 1/01 11 18 1/07 

1/02 12 17 1/06 1/02 12 17 1/0 1< 

1/03 13 16 I/O" 1/03 13 16 1/05 

aND 14 I" 1/04 GND 14 I" 1/04 

(DIP) (SOJ) 

PIN NAME 

AO~A12 Address Input 

1/01 ~ 1/08 Data Input/Output 

CE1, CE2 Chip Enable Input 

WE Write Enable Input 

OE Output Enable Input 

V Power (5V) 

GND Ground 

stand-by mode. The TC5588P /J is su itable for use in 
cache memory and high speed storage, where high speed/ 
high density are required. The TC5588P/J is moulded in a 
28 pin standard plastic DIP and a 28 pin plastic SOJ, with 
0.3 inch width for high density assembly. The TC5588P/J 
is fabricated with ion implanted CMOS silicon gate MOS 
technology for high performance and high reliability. 

• 5V single power supply 
• Full static operation 
• Directly TTL compatible: All input and output 
• Package: 28 pin plastic 300 mil DIP (TC5588P) 

28 pin plastic 300 mil SOJ (TC5588J) 

BLOCK DIAGRAM 

MSB 

LSB 
1/01 

( 
1/08 

A12 

{ 
A5 

WE 

6E 
CE2 

CEl 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192WORDX9 BIT CMOS 
STATIC RAM 

TC5589P/J-20, TC5589P/J-25, 
TC5589P/J-35 

DESCRIPTION 

The TC5589P/J is a 65,536 bit high speed static ran­
dom access memory organized as 8,192 words by 9bits 

DESCJ!t;,lP'f,t08 
The TC5589P/J is a 65,536 bit high speed static ran­

dom access memory organized as 8,192 words by 9bits 
using CMOS technology, and operated from a· single 
5-volt supply. Toshiba's high performance device tech­
nology provides both high speed and low power features 
with a maximum access time of 20ns/25ns/35ns and 
maximum operating current of 120mA at maximum 
cycle time. The TC5589P/J also features an automatic 

FEATURES 
• Fast access time: 

TC5589P/J-20 
TC5589P/J-25 
TC5589P/J-35 

20ns (MAX.) 
25ns (MAX.) 
35ns (MAX.) 

• Power dissipation: Operation 120mA (MAX.) 
Stand by 20m A (MAX.) 

PIN CONNECTION 

A8 A8 

A7 A7 

A6 CE2 A6 CE2 

A5 A9 A5 A9 

A4 AIO A4 AlO 

A3 All A3 All 

A2 DE A2 OE 
Al A12 Al Al2 

AO CEI AO CEI 

1/01 1/09 1/01 1/09 

1/02 1/08 1/02 1/08 

1/03 1/07 1/03 1/07 

1/04 1/06 1/04 1/06 

GND 1/05 GND 1/05 

(DIP) (SOJ) 

~·.··NAMiS· 

AO-A13 Address Inputs 

1/01 - 1/04 Data Input/Output 

CE1, CE2 Chip Enable Input 

WE Write Enable Input 

OE Output Enable Input 

VDD Power (+5V) 

GND Ground 

stand-by mode. The TC5589P/J is suitable for use in 
cache memory ~nd high speed storage, where high speed/ 
high density are required. The TC5589P/J is moulded in a 
28 pin standard plastic DIP and a 28 pin plastic SOJ, with 
0.3 inch width for high density assembly. The TC5589P/J 
is fabricated with ion implanted CMOS silicon gate MOS 
technology for high performanc.e and high reliability. 

• 5V single power supply 
• Full static operation 
• Directly TTL compatible: All input and output 
• Package: 28 pin plastic 300 mil DIP (TC5589P) 

28 pin plastic 300 mil SOJ (TC5589J) 

MSB 
A12 

I 
A5 

LSB 

1/01 

( 
1/09 

WE 

BE 
CE2 

CEI 

A4 ~ AO 
MSB LSB 

--<> VDD 

--oGND 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5561 P/J is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power featu res 
with a maximum access time of 45/55170ns and 
max imu m operating current of 100mA at minimum 
cycle time. 

The TC5561 P/J also features an automatic stand­
by mode. When deselected by Chip Enable (CE), the 
operating current is reduced from 100mA to 100,uA. 

FEATURES 

• Fast access time: TC5561 P/J-45 45ns (MAX.) 
TC5561 P/J-55 55ns (MAX.) 

• Low power dissipation: Operation 1 OOmA(MAA.) 
Standby1 OO,uA(MAX.) 

• 5V single power supply 

PIN CONNECTION (TOP VIEW) 

TC5561J 
TC5t>6lP (TOP VIEW) 

AO VVD 
VDD Al A15 

A2 
Al A15 A14 

A13 
AZ A14 

A4 A12 A3 A13 

A5 All A4 A12 
A6 A10 N.C. 
A? A8 All 

DOUT A8 AIO DIN 
WE DIN A7 A9 

GND CE DOUT AS 

(30 Omi 1 DIP) WE DIN 
GND CE CE 

(SOJ) WE 

PIN NAMES 

Ao-A15 Address Inputs 

DIN Data Input 

DouT Data Output 

CE Chip Enable Input 

WE Write Enable Input 

VOD Power ( + 5V) 

GND Ground 

TC5561 P/J-45,TC5561 P/J-55 

The TC5561 P/J is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561 P is moulded in a 22 pin standard 
plastic SOJ with 300 ml width for high density 
surface assembly. 

The TC5561 P/J is fabricated with ion implanted 
CMOS silicon gate MOS technology for high per­
formance and high rei iabi I ity. 

• Fully static operation 
• Directly TTL compatible: All Input and Output 
• I/O separate 
• Package: 22 pin standard plastic package, 

300mil width: TC5561 p 
24 pin plastic 300 mil SOJ : TC5561J 

BLOCK DIAGRAM 

AO 
~ 

Al I'iI 
A2 <=1 MEMORY ct<: LL 

0 

A3 0 
i'i1 ARHAY 

A4 <=1 

A5 256'256 
A6 
A? 

SENSE AMP. 
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MAXIMUM RATINOS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VOUT Output Voltage - O. 5 - Voo + 0 . 5 V 

Po Power Dissipation 650 mW 

T SOLOER Soldering Temperature 260·10 °C·sec 

TSTG Storage Temperature -65-150 °C 

TOPR Operating Temperature 0-70 °C 

D. C. RECOMMENDED OPERATINO CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 V 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

D. C. and OPERATINO CHARACTERISTICS (Ta=0-70T, Voo=5V± 1 0%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

II L Input Leakage Current VIN=O-VOO - - ±1.0 J.lA 

10H Output High Current VOH=2.4V -8 - - mA 

10L Output Low Current VOL=0.4V 8 - - mA 

ILo Output Leakage Current CE=VIH or WE=VIL - - ±1.0 J.lA VOUT=O-VOD 

Voo=5.5V, tcycle= Min cycle, 
1000 Operating Current CE=VIL - - 100 mA 

Other Input=VIH/VIL 

iOOS1 CE=VIH - - 2 mA 

100s2 
Standby Current 

CE=Voo-0.2V - - 100 J.lA 

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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TC5561 P/J-45, TC5561 P/J-55 

A. C. CHARACTERISTICS (Ta=0-70°C, Voo=5V± 1 0%) 

Read Cycle 

SYMBOL PARAMETER 
TC5561 P/J-45 TC5561 P/J-55 
MIN. MAX. MIN. MAX. 

UNIT 

tRe Read Cycle Time 45 - 55 -

tAee Address Access Ti me - 45 - 55 

teo Chip Enable Access Time - 45 - 55 

teoE Chip Enable to Output in Low-Z 
ns 

10 - 10 -

teoo Chip Disable to Output in High-Z - 15 - 15 

tOH Output Data Hold Time 5 - 5 -

Write Cycle 

SYMBOL PARAMETER 
TC5561 P /J-45 TC5561 P/J-55 

UNIT 
MIN. MAX. MIN. MAX. 

twe Write Cycle Time 45 - 55 -

twp Write Pulse Width 30 - 35 -

tew Chip Enable to End of Write 30 - 35 -

tAS Address Set up Time 0 - 0 -
ns 

tWR Write Recovery Time 0 - 0 -

tOEW WE to Output Low-Z 0 - 0 -

toow WE to Output High-Z - 15 - 15 

tos Data Set up Time 25 - 25 -

tOH Data Hold Time 0 - 0 -

A. ·C. "EST~ONDfTIONS 

Input Pulse Levels 2.4V/0.6V 
~-......-----.>-----() DO UT 

Input Rise and Fall Times 5ns 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig.1 

Fig.l Output Load 
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.rlMI~G WAVEFORMS 

• READ CYCLE (1) 

Address 

• WRITE CYCLE 1 (WE Controlled Write) 

Addres 8 

DOUT 

• WRITE CYCLE 2 (CE Controlled Write) 

Address 

Note: 
1. WE is High for Read Cycle. 
2. Assuming that CE Low transition occurs coincident with or 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. 

- F-38 -



TC556 I PI J-45, TC5561 PI J-55 

DATA RETENTION CHARACTERISTICS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

I Voo=3.0V - - 50 f.lA 
loos2 Standby Supply Current 

I Voo=5.5V 100 f.lA - -

tCOH Chip Deselection to Data Retntion Mode 0 - - f.ls 

tR Recovery Time tRC( 1 ) - - f.ls 

Data Retention Mode 

4. 5V -------------

V I H - - - - - - - - - J----'---:..-..---+--l, 

tCDR VDD-O.2V 

GND 

5. If the VIH of ~is 2. 2V in operation, loos1 current flows the period that voo voltage is going down from 4. 5V to 2. 
5V. 
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OUTLINE. DRAWINGS 

27.3MAX 

( No te ) 
2.54 :to:':::) 

Note: Each lead pitch is 2. 54mm. 

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

Unit in rnrn 

7.62TYP 

All leads are located within O. 25mm of the true longitudinal position with respect to No.1 and No.22 leads. 

• Plastic SOJ Unit in mm 

16.0MAX. 
0.9 TYF. 

24 23 22 21 20 19 18 17 16 15 14 13 

0.66-0.76 

3.55 MAX. 

Each lead pitch is l.27mm. 

M ., 
M 10 
r-' ai 

I 
CD CD 
-.I! t1 
co CD 

All leads are located within O.l2mm of the ture longitudinal 

position with respect to No.1 and No.24 leads. 

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

©May., 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5562P/J-35,TC5562P/J-45 

The TC5562P/J is a 65,536 bit high speed static random access memory organized 
as 65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt 
supply. Toshiba's high performance device technology provides both high speed and 
low pmver features with a maximum access time of 35nsi45ns/55ns and maximum operating 
current of lOOmA 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 lOOmA to 20mA. The TC5562P/J is suitable for use in main memory of high speed 
computer and pattern memory, where high speed/high density are required. The TC5562P 
is moulded in a 22 pin plastic DIP with 300 mil width for high density surface as­
sembly and the TC5562J is moulded in a 24 pin plastic SOJ 'vith 300 mil width for high 
density surface assembly. The TC5562P/J is fabricated with ~on implanted CMOS silicon 
gate MOS technology for high performance and high reliability. 

Fast access time: TC5562P/J-35 35ns(MAX.) 
TC5562P/J-45 45ns(MAX.) 

Low po~er dissipation: 
Operation 
Standby 

TC5562J 

lOOmA (MAX.) 
20mA (MAX.) 

iptf4; ~teNNEer~fUA~ 
TC5562P 

(TOP VIEH) (TOP VIHl) 

Al 

A3 
A4 
A5 

VDD 
A15 
A14 
A13 
A12 
All 
A10 
A9 
A8 

A3 
A4 

A6 

WE DIN 
GND CE WE 

(DIP) GND 

AO '" Al5 Address Inputs 
DIN Data Input 
DOUT Data Output 
CE .Chip Enable Input 
\~E Write Enable Input 

VDD Pmver (+5V) 

vDD 
A15 
A14 
A13 
A12 
N.C. 

All 
A10 
A9 
A8 

DIN 
CE 

• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input 
and Output 

• I/O separate 

· Package: 22 Pin Plastic 300 mil DIP 
: TC5562P 

24 Pin Plastic 300 mil :'I~..! 

: TC5562J 

--0 vDD 

"--~--r1 E; MEMORY CELL --0 GIlD 
o 

ARRAY 
f"\..-.l..l""<-"" ~ 

o-+a::IJ ::: 

256x256 

SENSE AMP. 

GND Ground WEo-t~~~~r---------------------------~ 
N.C. No Connection F-41 -



SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VOUT Output Voltage - 0 . 5 - Voo + O. 5 V 

Po Power Dissipation 650 mW 

TSOLOER Soldering Temperature 260·10 ·C·sec 

TSTG Storage Temperature -65-150 °C 

TOPR Operating Temperature 0-70 °C 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -3.0 - 0.8 V 

D. C and'OPlfffAtINGC-HARACTERISTICS (Ta=0-70°C, Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 J.lA 

IOH Output High Current VOH=2.4V -8 - - mA 

IOL Output Low Current VOL=0.4V 8 - - mA 

1L0 Output Leakage Current CE=VIH or WE=VIL - - ±1.0 J.lA 
VOUT=O-VOO 

Voo=5.5V, tcycle=Min cycle, 
1000 Operating Current CE=VIL - - 100 mA 

Other Input=VIHNIL 

100Sl CE=VIH - - 20 
Standby Current CE=Voo-0.2V mA 

100s2 Other Input=Voo-O. 2V or O. 2V 
- - 2 

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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TC5582P/.J-45, TC5582P/J-55 

A. C. CHARACTERISTICS (Ta=O-70°c'Voo=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 
TC5562P/J-35 TC5562P /J-45 

UNIT 
MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 35 - 45 -

tACC Address Access Time - 35 - 45 

tco Chip Enable Access Time - 35 - 45 

tCOE Chip Enable to Output in Low-Z 5 -
ns 

5 -

tCOD Chip Disable to Output in High-Z - 15 - 15 
r' 

tOH Output Data Hold Time 5 - 5 -

Write Cycle 

SYMBOL PARAMETER 
TC5562P /J-35 TC5562P /J-45 

UNIT 
MIN. MAX. MIN. MAX. 

twc Write Cycle Time 35 - 45 -

twp Write Pulse Width 25 - 30 -

tcw Chip Enable to End of Write 25 - 30 -

tAS Address Set up Time 0 - 0 -
tWR Write Recovery Time 0 0 

ns 
- -

tOEW WE to Output Low-Z 0 - 0 -

tODW WE to Output High-Z - 15 - 15 

tos Data Set up Time 20 - 25 -

tOH Data Hold Time 0 - 0 -

VDD 

A.C .·teST' CO'NDIT'ONS 
480.0. 

I Input Pulse Levels 2.4V/O.6V 

Input Rise and Fall Times 5ns DOUT 

30
P'1 255.0. 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig. 1 

Fig.l Output Load 
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TrMtNlt WAWF<mMS 
• READ CYCLE (1) 

Address 

DOUT ----------------vvooar 

• WRITE CYCLE 1 (WE Controlled Write) 

• WRITE CYCLE 2 (CE Controlled Write) 

Note: 
1. WE is High for Read Cycle. 
2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high 

impedance state. 
3. Assuming that CE High transition occurs coincident with or prior WE High transition, Outputs remain in a high 

impedance state. 
4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC5562P/J-45, TC5562P/J-55 

OUTLINE DRAWINGS 

Unit in rnm 

(J 27.4MAX X 
-< ::;s 8° 
If) 

"" 
I I I 

..,;: 

z 
~ 5 

If) + 0.1 
0 (Note) 0.25-005

1 

2.54±0.25 0.5±O.o7 Z 
~ 10.92MAX 0 

1.4± 0.07 
c<i 

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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• Plastic SOJ 

16.0MAX. 

~
t'-
r-= 

~------------~ I 
o 
If) 

r-= 

~~~"-rrT~tt-rrTT"-rrr.,r· 

Note: Each lead pitch is 1.27mm. 

Unit in mm 

0.9 TYP. 

3.55MAX. 

All leads are located within O.12mm of the ture longitudinal position with respect to No.1 and 
No. 24 leads. 

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

notice, to change said ci rcu itry. 

May. 1986 Toshiba Corporation 
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TOSHIBAMOS MEMOBYPRODUCTS 
TC55416 PI J-25, TC55416 PI J-35 

OESCRtPTION 
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 25ns/35ns and maximum operating current of 
l20mA/100mA 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 20mA. 
The TC554l6P/J is suitable for use in cache memory an~ 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 CHOS silicon gate MOS technology for 
high performance and high reliability. 

FEATURES 
• Fast access time: 

TC554l6P/J-25 25ns(MAX.) 
TC554l6P/J-35 35ns(MAX.) 

• Low power dissipation: 
Operation TC554l6P/J-25 

TC554l6P/J-35 
l20mA(MAX. ) 
100mA(MAX.) 

Standby 20mA(MAX. ) 

PIN CONNECTION 
TC554l6P TC554l6J 

VDD AS VDD 
A7 A9 A9 
A6 AID AlD 

All All 
A4 A12 A4 Al2 

Al3 A3 Al3 
VOl A2 N.C. 
I/02 Al I/O 1 

AD I/O 3 AD I/O 2 
CE I/O 4 N.C. I/03 

GND WE I/O 4 

(DIP) WE 

(So.r) 

PH! NAr·1ES 
AO'''' A13 Address Inputs 
1/01'" 1/04 Data Input/Output 

CE Chip Enable Input 
HE Write Enable Input 
VDD Pmver (+5V) 
GND Ground 
N.C. Ho Connection 

• 5V single power supply 
• Fully static operation 
• Directly TTL compatible: All Input and 

Output 
• Package: 

22 pin plastic 300mil DIP (TC55416P) 
24 pin plastic 300mil SOJ (TC554l6J) 

BLOCK DIAGRAM 

A6 "'--.......... ....--TO 

A7 t>----1-.l" __ t-1 

AS t>----1-.l" __ t-1 

A9 t>----I-l'or-n 

AlO 

All 
A12 r---...J....l' __ t-t 

A13 t>--...J....l'.....-t-1 

I/Ol o-....---{)---' 

I/02 o--M---C>---I-F:rnI 

MEMORY 
CELL ARRAY 
(256X64X4) 

I/O 3 ~-T~~~~~ 

I/o 4 0-+++-.---£>-+-4=:::r" 
L-t---+---I~+-+--+--' 

CE 

---OOND 
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~'AX H1UM RATINGS 

SYMBOL ITL'1 RATING UNIT 

VDD Power Supply Voltage -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 650 mW 

Tsolder Soldering Temperature 260·10 °C·sec 

Tstg Storage Temperature -65-150 °c 

Topr Operating Temperature 0-70 °c 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAL'1ETER 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 

D.C. and OPERATING CHARACTERISTICS (Ta=0-70°C, VDD=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILL Input Leakage Current VIN=O-VDD - - ±1.0 I1A 

lOR Output High Current VOH=2.4V -4 - - rnA 

IOL Output Low Current VOL=O.4V 8 - - rnA 
-------;~---

ILO Output Leakage Current 
CE=VIH or WE=VIL 

i ±1.0 ! /.1 A - -
VOUT=O-VDD 

I 

--
VDD=5.5V 

IDDO tcycle=Min cycle -25 - - 120 
rnA Operating Current 

CE=VIL -35 - - 100 
Other Input=VIH/VIL 

IDDSl 
VDD=5.5V, tcycle=Min cycle 

20 - -
Standby Current CE=VIH, Other Input=VIH/VIL rnA 

CE=VDD-0.2V 
1 IDDS2 - -

Other Input=VDD-0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 

SYMBOL PAF_A.HETER TEST CONDITION t-f.AX. UNIT I 

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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TC55416P'J-25, TC55418P/J-35 
A.C. CHARACTERISTICS (Ta=0-70°C, VDD=5V±10%) 

Read Cycle 

SYMBOL PARAI1ETER 

tRC Read Cycle Time 

tACC Address Access Time 

teo Chip Enable Access Time 

tCOE Chip Enable to Output in Lm.J-Z 

tCOD Chip Enable to Output in High-Z 

tOH Output Data Hold Time 

Wri te Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tCH Chip Enable to End of Write 

tAS Address Set Up Time 

tWR Write Recovery Time 
-

tom~ \~E to Ou tput High-Z 
-

tOE\~ \~E 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 O.SV, 2.0V 
Reference Levels 

Output Load See Fig.l 

TC 55416P-25 
TC55416J-25 

MIN. MAX. 

25 -
- 25 

- 25 

0 -
- 15 

5 -

TC55416P-25 
TC55<1.16J-25 

MIN. MAX. 

25 -
20 -
20 -

0 -
0 -

- 10 

0 -

12 -

0 -

TC55416P-35 
TC55415J-35 

MUI. MAX. 

35 -
- 35 

- 35 

0 -

- 15 

5 -

TC55416P-35 
TC55416J-35 

MIN. 

35 

30 

30 

0 I 

0 

-
0 

15 

0 

MAX. 

-
-

-
-
-
15 

-
-
-

c 
o 
rl 
to 

UNIT 

ns 

ns 

ns 

ns 
--

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I/O PIN O-----<t---~ 

c 
o 
o 
t:') 

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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TIMING WAVEFORMS 
READ CYCLE(l) 

ADDRESS 

Dour 

WRITE CYCLE 1 (WE Controlled Write) 

ADDRESS 

DOUT 

twc 

tcw 

HIGH IMPEDANCE 

tDS 

DIN ~ __ D_A_TA __ I_N ________ ~,-______ __ 

WRITE CYCLE 2 (CE Controlled \\Trite) 
twc 

ADDRESS 

tcw 

WE 

DOUT 
HIGH IMPEDANCE 

tDS 

DATA IN 

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 \\TE 

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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TC55416P/d-25, TC55416P/d-35 

OUTLINE DRAWINGS Unit in nun 

o Plastic DIP 
22 12 

~D: : : : : : : : : : :I 
1 II 

Note: Each lead pitch is 2.S4mrn. 

All leads are located within O.25mrn of the true longitudinal position 

with respect to No.1 and No.22 leads. 
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OUTLINE ORA~HNGS 

o Plastic SOJ 

16.0MAX. 

24 23 22 21 20 19 18 17 16 15 14 13 

INDEX DOT 

12345 6 7 8 9 W II ~ 

;z; 
H 

Ml~~ 
1 0.36-0.48 

0.66-0.76 

Note: Each lead pitch is 1.27mrn. 

3.55MAX. 

Unit in rom 

0.9TYF. 

rl "<II 
rl 10 
r.: ex) 

1 
IX) 

t') 
ex) 

All leads are Ideated within O.12mm of the true longitudinal position 

with respect to No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
DESCRIPTIml 

TC55417 PI J-25 
TC55417 PI J-35 

The TC55417P/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 po\Ver 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current of 
l20mA/lOOmA/lOOmA at maximum cycle time. The TC554l7P/J also features an automatic 
stand-by mode. \Jhen 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 cr.3 inch width for high density 
assembly. The TC554l7P/J is fabricated \vith ion implanted CMOS silicon gate MOS tech­
nology for high performance and high reliability. 

FEATURES 

• Fast access time: TC554l7P/J-25 
TC554l7P/J-35 

25ns(MAX. ) 
35ns(MAX. ) 

• Low power dissipation: Operation TC554l7P/J-25 
TC554l7P/J-35 

l20mA(MAX.) 
100mA(MAX.) 

Standby 20mA(MAX.) 
• 5V single power supply 
• 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) 

(TC55417P) 

A5 
A4 

A2 
Al 
AO 9 
CE 
OE 

GND 

AO 'V A13 
1/01 'V 1/04 

CE 
IJE 
OE 
VDD 
GND 
N.C. 

(TC55417J) 

VDD 

All 
Al2 
Al3 
N.C. 
VOl 
V02 
1/03 
1/04 
WE 

(SOJ) 

Address Inputs 
Data Input/Output 
Chip Enable Input 
Write Enable Input 
Output Enable InQut 
PO\ver (+5V) 
Ground 
No Connection 

CE-----, 

A60--+~::r:l 

Al2 O---+~::IJ 
Al3 o--+-G(::IJ 

I/O I O---!'-------Q--.I 

I/O 2 o-+<t----i::>+--III 

1/03 0-t+f--Q+--+-' 

1/04o-~H-~~~~ 

CEo--,....a---... 

WE 
o E o--f--t-<:l 
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MEMORY 

CELL ARRAY 

(256x64X4) 

---oVDD 

----0 GND 



~~,0,X lt~Ur,1 RA TI riGS 

SYHBOL ITa-l RATING U:lIT 

VDD Pm!er Supply Voltage -0.3 '\, 7 . 0 V 

VIN Input Voltage -2.0'\,7.0 V 

VOUT Output Voltage -0.5 '\, VDD+O . 5 V 

PD Power Dissipation 650 m\.J 

Tsolder Soldering Temperature • Time 260 • 10 °C·sec 
Tstg Storage Temperature -65 '\, 150 °c 

Topr Operating Temperature o '\, 70 °c 

D. C. RECOnr'lENDED OPERATING CONDITIONS 
SYH50L I PARM-lETER HDJ. TYP. HAX. UNIT 

VDD I POHer Supply Voltage 4.5 5.0 5.5 V 

VE: I Input High Voltage 2.2 - VDD+0.3 V 

VIL I Input Lm,r Voltage -0.3 - 0.8 V 

D.C. and OPERATING CHARACTERISTICS (Ta=O '\,70°C, VDD=5V±10%) 

SYM:30L PARAnETER TEST CONDITION MIN. TYP. MAX. UNIT 
IlL Input Leakage Current VIN'-=O '\, VDD - - ±1.0 ~A 

IO:i Output High Current VOH=2.4V -4 - - rnA 

IOL Output lm,r Current VOL=0.4V 8 - - rnA 

ILO Output Leakage Current 
CE=V IH or IVE=VIL 

- ±1.0 ]JA -
VOUT=O '\, VDD 

VDD=5.5V 
tcycle=Min cycle -25 - - 120 

IDDO Operating Current CE=V IL 
rnA 

-35 - - 100 
Other Input=VIH/VIL 
VDD=5.5V, tcycle=Nin cycle 

IDDSl 
CE=VIH, Inpu t=V IH/V IL 

- - 20 
Other 

Standby Current rnA 

I DDS2 
CE=VDD-0.2V - - 1 
Other Input=VDD -0.2V or 0.2V 

CAPACITANCE (Ta=25°C) 

SYrlBOL PARM1ETER TEST COj\,'D IT ION MAX. 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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A.C. CHARp,CTERISTICS (Ta=0"v70°C, VDD=SV+':lOl~) 

Read Cycl9 

TC55417P/J-25 
SYl·lJ30L PARA~!ETER 

tUN. (·lAX. 

tRC Read Cycle Time 25 -
t ACC Address ACC9SS Time - 25 

tco Chip Enable Access Time - 25 
r---- --- -----~ -------

tOE Output Enable to Output Valid - 15 

t CO [ Chip Enab19 to Output in LOH-Z 0 -

tCOD Chip Enable to Output in High-Z - 15 

tOEE Output Enable to Output in LmJ-Z 0 -
--

t ODO Output Enable to Output in High-Z - 10 

tOB Output Data Hold Time 5 -

Write Cvcle 
I TC554l7P/J-25 

SYllBOL PAR..'>J!ETER 
rlI 0J • tL""X. 

tlvc \.Jr ite Cycle Time 25 I -

t\.JP \"rite Pulse \.Jid th ~~~j -

tClv Chip Enable to End of Write -

tAs Address Set Up Time 0 -

tWR \-Jri te Recovery Time 0 -
tOD\~ \.JE to Output High-Z - 10 

t OHJ \vE to Output LmJ-Z 0 -

tDS Data Set Up Time 12 -

tDE Data Eold Time 0 -

A.C. TEST CONDITIOMS 

I~:c Pulse Levels 0.0\1, 3.0V _J 
Input Rise and Fall Time 5ns I 

----------\ 

TC55417 P/.I-25 
TC55411P 1.1-35 

TC55417P/J-35 
-~ maT 

~lD:. ~L\X . 

35 -

- 35 

- 35 
--

- 20 

0 - ns 
--, 

- 15 

0 -
- 15 

5 -

TC554l7P/J-35 
C~\IT 

HIN. HAX. 

35 -

30 -

30 -

0 -

0 -

- 15 ns 

0 -

15 -

0 -

c 
c 

Reference Levels __ 
Input and Output Tirr.i_n_g __ O.8V, 2.0V -J I/C PI 11 0>----..---· ... 

~~I -----------------
Output Load See Fig. 1 

''1 
c 
o 
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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"t1'!~. :It.t:l''tf-S5 

READ CYCLE (1) 

ADDr.:::::::: 

tCOE 

D-:r.;-:- -----======~ 

WRITE CYCLE 1 (hL Controlled Write) 

WRITE CYCLE 2 (CE Controlled Write) 

Note: 1. 
2. 

3. 

4. 

tcw r 
~~~~~_~-tWP-_-_-_----~Mffi 

II ~'\1\\~ 
I I 

___ t_w_C _____________ ~--~ ~ ______ _ 

tWR I 

ADD?.i:SS 

-:....::..::"--l-~ r<r"~"""''''''; __ H_I_G_H_I_M_P_E_D_AN_C_E __ i l 
DOUT-----------~ ~ " 

/
' J; DATtADSIN STABLE1:,C_j 

---------------/1=' HX'------
\~E is High for Read cycle. 
Assuming that CE Lo\-7 transition occurs coincident Vlith or after WE LO\-7 
transition, Outputs remain in a high impedance stat~. 
Assuming that CE High transition occurs coincident '-7ith or prior to HE 
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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OUTLIflE DFUUJINGS 

• Plastic DIP 

30.0MAX 

0.5 ± 0.15 

1.4 ±0.15 

2.54± 0.25 

( Note) 

Note: Each lead pitch is 2.54mm. 

TC55417P/J-25 
TC55417P/ J-35 

Unit in mm 

7.62 ±O.25 

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

with respect to No.1 and No.24 leads. 
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OUTLINE DRAUlNGS 

• Plastic SO] 

I 16.0MAX. 

I ~ 23 22 21 20 19 18 17 16 15 14 J.3 

-+-+------ . ~~-------I--
o 
t[J 

r-.: 

rwHlff(l{f-~ 
J

11 u U U ~ 1.27TYP. i 
~ II 0.66-0.76 

Note: Each lead pitch is 1.27mrn. 

Unit in mm 

0.9TYP. 

All leads are located \~ithin C .. 12rnm of thE·: true. 1{Yngitudin31 position 

with respect to No.1 and No.24 leads. 
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Non-Volatile Memory 





- G-1 -



- G-2 -



HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro­
gramming II Algorithm. 

APPLICABLE DEVICES 

Device Name 

EPROM One Time PROM 

TMM2764AD/ADI TMM2464AP/AF 
TMM27128AD/ADI TMM24128AP/AF 
TMM27256AD/ ADI/BD/BDI TM M24256AP / AF /BP /BF 

TC57256AD TC54256AP/AF 

TMM27512D/DI/AD/ADI TMM24512P/F/AP/AF 
TC571 0000 TC541000P 
TC571001D TC541001P 

IDENTIFICATION MODE 

TOSHIBA 

The High Speed Programming I Algorithm uses 
1 ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1 ms programming pulse and the flow chart is 
shown in Figure 2. 

Theoretical Programming Time 

I II 

33 sec 0.8 sec 

66 sec 1.7 sec 

131 sec 3.3 sec 
131 sec 3.3 sec 

262 sec 7.0 sec 

N/A 14 sec 

N/A 14 sec 

Tre identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 
Set A9=12V±0.5V, A¢=ViL, Other Addresses=ViL 
Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 
Set A9=12V±0.5V, A¢=ViH, Other Addresses=ViL. 
Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 

Device Name 

EPROM One Time PROM Manufacture Code 

TMM2764AD/AOI TMM2464AP/AF 98 
TMM27128AD/ADI TMM24128AP/AF 98 
TM M27256AD/ ADI/BD/BDI TM M24256AP / AF /BP /BF 98 
TC57256AD TC54256AP/AF 98 

TMM27512D/DI/AD/ADI TMM24512P/F/AP/AF 98 
TC571 0000 TC541000P 98 
TC571001D TC541001P 98 
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Signature 

Device Code 

52 

03 
54 
C4 

15 

86 

07 



Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 

* : Vpp=OV for 512KEPROM 

during verification 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 

during verification 
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Vcc=6.25V±O.25V 
V ... =12.75±O.25V 

ADDRESS = 
START ADDRESS 

Vcc=5V 
Vpp =5V 

TOSHIBA 

NG 
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TOSHIBA IDS MEM8RYPROD,UCTS 
8,192 WORD x 8 BIT UV ERASABLE AND TMM2764AD-15, TMM2764AD-150 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY TM M 27 64AD -20, T M M 2 7 64AD -200 

DESCRIPTION 

The TM M2764AD is a 8192 word X8 bit ultraviolet light 
erasable and electrically programmable read only mem­
ory. For read operation, the TM M2764AD's access time 
is 150ns/200ns, and the TMM2764AD operates from a 
single 5-volt power supply and has a low power standby 
mode which reduces the power dissipation without 
increasing access time. 

FEATURES 

-15 I -20 -150 J -200 

r Vee 5V±5% 5V±10% 

I tAee 150ns I 200ns 150ns I 200ns 

= 100mA 120mA 

leel 30mA 35mA I 

PIN CONNECTION (TOP VIEW) 

Vpp VCC 
Al2 PGM 

N.C. 
A8 

A5 Ag 
All 
OE 

A2 AlO 
Al 9 CE 

AO °7 
00 °6 
°1 °5 
°2 04-

The standby mode is achieved by applying a TTL-high 
level signal to the CE input. 
For program operation, the programming is achieved by 
using the high speed programming mode. 

The TM M2764AD is fabricated with the N-channel 
silicon double layer gate MOS technology. 

• Fully static operation 
• High speed programming mode 
• Single location programming 
• Three state outputs 
• Inputs and outputs TIL compatible 
• Pin compatible with i2764A 

BLOCK DIAGRAM 
Vpp GND Vcc 

i5E~r--==----:-::'::--~~ 

CE 
mM~~r-____ -'~ 

A7 
Afj 

A9 
A 100-
All 
A 12 

8192x8 bits 

GND °3 MODE SELECTION 

PIN NAMES ~~ PGM CE OE-V;;'v~T 00-07 
POWER 

MODE (27) (20) (22) (1) (28) (11 -13, 15 -19) 

Ao-A14IAdd~ess Inputs 
---, 

I 
c-oo-=-~-l Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

Read H L L Data Out 

Output 

* * H 5V 5V High Impedance Active 
Deselect 

Standby 
I * 

H * High Impedance Standby 
1-. 

Program L L * Data In 
PGM Program Control Input 

N. C. No Connection 
---b Vee Pmgcam Supply Voltage 

-----1--------

Vee Vee Supply Voltage (+ 5V) 

GND Ground 

1--. 
Program * H * High Impedance 

12.5V 6V Active 
inhibit H L H High Impedance 

iP~~~--
I 

H L L Data Out 
I 

Verify 

Note * : H or L 
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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 
--t-.----

V,N Input Voltage -0.6-7.0 V 
-----

VOUT Output Voltage -0.6-7.0 V 
------

Po Power Dissipation 1.5 W 

TSOLDER Soldering Temperature· Time 260·10 "C'S8C 
--t----.. -.--

TSTRG Storage Temperature -65-125 'C 
--

Operating Temperature TOPR ~ 0-70 ~~~----------

READ OPERATION 

D. C. ANDA.C. RECOMMENDED OPERATING CONDITiONS 

I----_S_Y_M_B_O_L_+-_______ P_A_R_A_M_E_T __ E_R ____________ L __ TfV1~Vi2764AD~·-1-5-/-20--,.--T--M-M-2-7-6-4-~~~E'~~I~0J 
Ta Operating Temperature I 0- 70'C 0-70'C 1 

I------V-e-c--+-V-e-e-P-o-w-e=-r-S-u-p-'-P-IY-V-o-I-ta~g~e~~~~~~~~~~~~~~~~~-~_-+r' _· ___ 5_V_±_5°_Yo ___ -+ _____ 5V_+_-~g~~-~--~ 
VPP VPP Power Supply Voltage I 2.0-Vee±0.6V I 2.0-·VcC+O 6V 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER I CONDITION MIN. TYP. MAX. UNIT 
--

III Input Current VIN=O-Vee - - ±10 J.lA 
-r-------

!Lo Output Leakage Current Vour=O.4-Vce - - ±10 J.lA 
-1---

-15/20 - - 30 
leel Supply Current (Standby) CE=V'H -- mA 

-1501200 - - 35 
------

-15/20 - - 100 
1eC2 Supply Current (Active) CE=V'L mA 

-150/200 - - 120 
--\----

V,H Input High Voltage - 2.0 - Vee+l .0 V 

V,L Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voitage IOH= -400J.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 
--f--

IpPl VPP Current Vpp=O-Vee+O.6 - - ±10 J.lA 
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A. C. CHARACTERISTICS 

SYMBOL PARAMETER 

~ 
Address Access Time 

teE CE to Output Va·lld 

~r 
OE to Output Valid 

tPGM PGM to Output Valid 

~.tOFl I CE to Output In Hlgh-Z 

! tDF2 i OE to Output In Hlgh-Z 

i tOF3 PGM to Output In Hlgh-Z 

hOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25C, f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TMM2764AD-15, TMM2164AO-150 
TMM2164AO-20', TI12764AO-200 

TMM2764AD-15/150 

MIN. 
-

-

-

-

0 

0 

0 

0 

1 TIL Gate and CL:;:: 100pF 
10ns Max. 
0.45V to 2.4V 

MAX. 
150 

150 

70 

70 

60 

60 

60 
-

TMM2764AD-20/200 

MIN. MAX. 
- 200 
- 200 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

Inputs O. 8V and 2. OV, Outputs O. 8V and 2. OV 

I 
TEST CONDITION MIN. TYP. MAX. 

VIN=OV. - 4 6 

VOUT=OV - 8 12 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

* This para mater is periodically sampled and is not 100% tested. 

TIMING ~WAVEFORMS(READ) 

OE 

J 
_ ___ H_I_GH __ Z __________ ~~-----------------~ 

~ DATA OUTPUTS 
HIGH Z 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 
--

VIL Input Low Voltage -0.3 - 0.8 V 
.-c-. 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 V 
--

VPP Vpp Power Supply Voltage 12.0 12.5 13.0 V 
--

D. C. and OPERATING CHARACTERISTICS (Ta==25±5'C, Vee=6V±0.25V, Vpp= 12. 5V±0. 5V) 

SYMBOL PARAMETER TEST CONDITION MIN . TYP. MAX. 
. - -- -. 

III Input Current VIN=O-Vee - - ±10 
---

VOH Output High Voltage IOH= -400JiA 2.4 - -
----j VOL Outpu Low Voltage IOL=2.1 mA - 0.4 .... 

Ice Vee Supply Current - - --
15

2
0° t--

IpP2 Vpp Supply Current Vpp=13.0V - -
.. +_ .... -

VID A9 Auto Select Voltage - 11.5 12.0L2?L 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C, Vee==6V±0.25V, Vpp= 12 .5V±0.5V) 

SYMBOL PARAMETER 
I 

TEST CONDITION MIN. 

tAS Address Setup Time 

I 

- 2 

tAH Address Hold Time - 2 

teEs CE Setup Time - 2 

teEH CE Hold Time E - 2 

tos Data Setup Time - 2 

tOH Data Hold Time - 2 

tvs Vpp Setup Time - 2 

tpw Program Pulse Width -- 0.95 

topw Additional Program Pulse Width Note 1 2.85 

tPRT Program Pulse Rise Time - 5 

tPFT Program Pulse Fall Time - 5 

tOE OE to Output Valid -- -

tOF2 OE to Output in High Z CE==ViL -
-.------1--. 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 

• Input Pulse Levels 
• Timing Measurement Reference Level 

1 TIL Gate and Cd 1 OOpF) 
10nsMax. 

0.45 to 2.4V 
Input 1 V and 2V; Output O. 8V and 2. OV 

Note: 1. topw de peds on the program pulse width which is required in the initial Program. 
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TYP. MAX. UNIT 

- - Jis 
- -

I ::-- -
- - Jis 

- + - Jis 
- - Jis 
- - Jis 

1.0 1.05 ms 

- 78.75 ms 

- - ns 

- - ns 
--

- 100 ns 

- 90 ns 



TIMING WAVEFORMS (PROGRAM) 

ADDRESSES ~ 
tAS 

CE \\\\\~ ~\ 
.~ 

OE ~ r- / 

I tOE 
I 

UNKNOWN M DIN ... 

~ -1 DOUT 
STABLE VALID 

tDS tDH J 

U tpFT tpRT 
PGM 

l!1iJ 
VPP !II/// V;; 

tvs 
I---

PROGRAM 
PROGRAM VERIFY 

INITIAL PROGRAM 

Hf-
tDF2 

I 

I 

TII12784AO-15, TMM2l84AD~150 
TMI2184AD~20, T1I1I2764AO-200 

C 
1-' 

tAH 

iV/IIIL 
tCEH J 

DIN STABLE 

tDS tDH 

V 
tOPW 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and 'setting the device in socket with Vpp=12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM2764AD's erasure is achieved by apply­
ing shortwave ultraviolet light which has a wave 
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM2 764AO's six operation modes are list­
ed in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

PGM CE 
(27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta=0-70'C) Standby * H 

Program L L 
PROGRAM 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5'C) 

Program Verify H L 

Note H: VIL, L: VIL, * : VIH or VIL 

READ MODE 

The TMM2764AO has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. . 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. 

So two or more TMM2764AO can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [,uw/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [,uw/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TMM2764AD's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TIL 

Vpp Vee 00-07 
POWER (1) (28) (11-13,15-19) 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 
.. -. 

Data In Active 

High Impedance Active 
12.5V 6V ~ .. --

High Impedance Active 
r-------------+.------

Data Out ____ . _____ .. L!'ctive ___ -I 

The CE to output valid (tCE) is equal to the address 
access time (tAce). 

Assuming that CE=VIL, PGM=VIH and all ad­
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE =OE =VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

TheTMM2764ADhasa low power standby mode 
controlled by the CE signal. 

By applying a TIL high level to the CE Input, the 
TMM2764AD IS placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers ,. all bits of 
the TMM2764AD are in the" 1" state which is erased 
state. 

Therefore the program operation is to introduce 
"as" data into the desired bit locations by electrically 

PROGRAM VERIFY MODE 
The verify mode is to check that the desired data 

is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+ 

12._qV) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AD from being 
programmed. 

Programming of two or more TMM2764AO's in 
parallel with different data is easily accomplished. 

HIGH SPEEP PROGRAMMING MODE 
The program time can be greatly decreased by 

using this high speed programming mode. 
The device is set up in the high speed program­

ming mode when the prbgramming voltage( + 12. 5V) 
is applied to the Vpp terminal with Vee = 6V and PGM 
=VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM input after addres­
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is !lot correct, another 

1MM2784AO-15, TMM2764AO-150 
TIM2784AO-20, TMM2764AO"200 

reduce 70% of the operating current and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

programming. 
The levels required for all inputs are TIL. 
The TMM2764AO can be programmed any loca­

tion at anytime--either individually, sequentially, 
or at random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TIL. low level program 
pulse is applied to the CE and PGM of the desired 
device only and TIL high level signal is applied to the 
other devices. 

program pulse of 1 ms is applied and then pro­
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vee=Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page G-S) may also be used to reduce the 
programming time further. 
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ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF lIDS6C 

OR ONE PULSE OF 3X IDS6C DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electnc signature mode allows to read out a code 
from TMM2764AD which identifies its manufacture 
and device type. 

The programming equlpent may read out 
manufacurer code and device code from 
TMM2764AD by using this mode before program 
operation and automatically set program voltage 
(Vpp) and algonthm. 

Electric signature mode is set up when 12V IS 

Ao 0 7 0 6 05 I~S I SIGNATURE (10) (19) (18) (17) I 
j 

i 

I 

Manufacture Code V,L 1 

DeVice Code V,H 0 

Notes: A9=12V±0.5V 
Al-A8. Al0-A12.CE. OE=V'L 
PGM=V,H 

0 0 I 
j 

1 0--1 

TMM2764AO-15, . rMM2764AO-180 
TMM2764AO~20, TMM2764AO-200 

applied to address line A9 and the rest of address 
lines IS set to VIL In read operation. Data output in 
this conditions IS manufacturer code. DeVice code is 
Identified when address AO IS set to VIH. These two 
codes possess an odd panty with the panty bit of 
MSB (07). 

The following table shows electric signature of 
TMM2764AD. 

0, 
I 

0 3 I O2 I 0 1 0 0 

I 

I (16) (15) (13) (12) (11) 

0 
I 

1 1 0 0 

1 0 0 1 0 

HEX. I 

DATA I 

=08 
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OUTLINE DRAWINGS 

37.7 MAX. 

7.1 ±0.2 

2827262524 19 18 17 16 15 

4 5 6 7 8 9 10 11 12 13 14 

2.54±0.25 L3±0.25 

+0.15 
0.46-0.10 

Note 1 

Unit in nun 

15.24±0.3 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsiblhty for use of any CircuItry descrobed ; no circuit patent hcenses 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 
8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION 

The TMM2 764ADI is a 8192 word x 8blt ultra­
violet light erasable and electrically programmable 
read only memory. For read operation, the 
TMM2764AD's access time IS 150/200ns and the 
TMM2764ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 

-15 I -20 

Vee 5V±5% 

tAee 150ns I 200ns 

lecz 100mA 

Ice 1 30mA 

PIN CONNECTION (TOP VIEW) 

TMM2764ADI-15 
TMM2764ADI-20 

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 TMM2764ADI is fabricated with the Nchan­
nel silicon double layer gate MaS technology. 

• Wide operating temparature range -40-85"C 
• Fully static operation 
• High speed programming mode 
• Single location programming 
• Three state outputs 
• Inputs and outputs TIL compatible 
• Pin compatible with i2 764 A 

BLOCK DIAGRAM 
Vpp GND Vee 

6E~~*""---:::!~~=-. 

CE 
POM ....---.,'--r------r~ 

MODE SeLECtION 

PIN NAMES ~~ 
IPGfVi CE OE Vpp Vee 00-07 

POWER 
MODE (27) (20) (22) (1 ) (28) (11-13.15-19) 

Read H L L Data Out 
Ao-A14 Address Inputs 

00-07 Outputs (Inputs) 
Output 

H 5V 5V High Impedance ActIVe * * Deselect 
CE Chip Enable Input Standby * H * High Impedance Standby 
OE Output Enable Input Program L L * Data In 

PGM Program Control Input 

N. C. No Connection 
Program * H * High Impedance 

12.5V 6V Active 
Inhibit H L H High Impedance 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 
Program 

H L L Data Out 
Verify 

GND Ground Note * : H or L 
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MAXIMUM· RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TSOLOER Soldering Temperature· Time 260·10 °C'sec 

TSTRG Storage Temperature -65-125 °C 

TOPR Operating Temperature -40-85 °C 

READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM2 764ADI-1 5/20 

Ta Operating Temperature -40-85°C 

Vee Vee Power Supply Voltage 5V±5% 

Vpp Vpp Power Supply Voltage 2.2-Vee±0.6V 
------' 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 JlA 

!Lo Output Leakage Current VouT=0.4-Vee - - +10 JlA 

Icc 1 Supply Current (Standby) CE=VIH - - 35 III A 

leC2 Supply Current (Active) CE=VIL - - 120 mAo 

VIH Input High Voltage - 2.2 - Vcc+ 1 .0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400JlA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 J.lA 
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A. C. CHARACTERISTICS 

SYMBOL PARAMETER 

tACC Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 
-

tPGM PGM to Output Valid 

tOFl CE to Output In Hlgh-Z 

tOF2 OE to Output In High-Z 

tOF3 PGM to Output In Hlgh-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25C, f= 1 MHz) 

'SYMBOL PARAMETER 

CIN Input Capacitance 
-' 

COUT Output Capacitance 

TMM2764ADI-15 

TMM21&4ADI-15 
TM M2164AD 1-20 

TMM2764ADI-20 

MIN. MAX. MIN. MAX. 
UNIT 

-

-

-

-

0 

0 

0 

0 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45Vto 2.4V 

150 

150 

70 

70 

60 

60 

60 

-

inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

TEST CONDITION 

VIN=OV, 

VOUT=OV 

-

-

-

-

0 

0 

0 

0 

MIN. 

-

-

200 ns 

200 ns 

70 ns 

70 ns 

60 ns 

60 ns 

60 ns 
- ns 

TYP. MAX. UNIT 

4 6 pF 

8 12 pF 

* This para mater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

HIGH Z HIGH Z 
DATA OUTPUTS 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

I SYMBOL PARAMETER MIN. 
--

TYP MAX. UNIT 

Input HIgh Voltage 2.2 - Vee-l-1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 V ~ __ c--__ . ____ 

O. C. and OPERATING CHARACTERISTICS (Ta=25±5'C. Vee=6V±025V. Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. I UNIT ~ 
III Input Current VIN=O-Vee ±10! j.lA , 

-----------------~--- , . ~ 
VOH Output High Voltage IOH= -400j.lA 2.4 -.-J---~~ 

VO_L __ ~-tP--u-LO-W--V--O--I-t--ag-e------------+--lo-L-=-2-.-l_m_A _____________ ---+ __ +-' -----J-~~-y---~ 
Icc I Ve~~pply~r~~~~ __________ =¥! _-______ . _______ .____ - 12_~+_-~~___J 

IpP2 Vpp Supp~~C~~~~________ Vpp= 13 .OV _50 J----,~-~--J 
VIO A~ __ Au_to_~~I_~c~_\~o~~~Q~________ _ - 11 .5 12.0 12 5 L __ y_~ 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C. Vee=6V±0. 25V, Vpp= 12 5V±0 5V) 

PARAMETER- - - --==r TEST CONDITION I MIN. TYP M-Ax-IlJ~I: 

tAS AdtJress Setup T,me _:_L _______ -----------=r-+ \-----.. -22.-----=--= _ -~-·-r __ ~_;_f~·~._. ___ II. 
SYMBOL 

tAH Address Hold Time --- ---- . __ .-.1___ I R'" , 
:==:=;O=::===:-~=-;-t:-:-~-:-d~::m_':_~: __ e ________ . __ ._.: ---t-=0--r- ~--ij 

tOH Data Hold Time J ______ .. ___ .-----------------+------t------+-------t.---""-
Vpp Setup Time I 2 i J.ls 

f------f--- .. - - -------------------+------+-------~-
tvs 

tpw Program Pulse W,dth +--_____ 0,95 1.0 1.05 ms 
-------------+------+-----+-----------

r 
topw AddItIonal Program Pulse Width Note 1 2 -85 78. 75 ms 

----+----------------=t-+-----------------------------~-----f-----~-----+----~ 
r~~_~':~~lse nlse~me__ _ _____ . _______________ ~ __ +_---__+_----I--n-s-_1 
I tPFT Program Pulse Fall T,me 5 ns 
l--to~-- OE to Output Valid -f---- ----+------+-------+-1-0-0--1--n~-

tOF2 OE to Output in High Z __ -!:::I~-~-/_Il_=_~=~___ --=-=J __ ---+ __ 9_0_.-+-__ n_s __ -1 

A_ C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 

• Input Pulse Levels 
• Timing Measurement Reference Level 

1 TIL Gate and CLi 1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 1 V and 2V; Output O. 8V and 2 _ cr 

Note: 1. topw depeds on the program pulse width which is required !n the initial ProgfJr:'l 
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TIMING WAVEFORMS (PROGRAM) 

ADDRESSES 

CE 

OE 

PGM 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

DIN STABLE 

PHOGRAM 

ADDITIONAL PROGRAM 

1.IlM2184A8:1-1;5 
IMM2114AII-20c 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp=12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to14V for program operation, so the voltage over 14.v should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the \/pp terminal, the overshoot voltage of Its pulse should not 
be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM2764ADI's erasure is achieved by apply­
ing shortwave ultraviolet light which has a wave 
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM 2764ADI's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

} PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta= -40-85·C) Standby * H 

Program L L 
PROGRAM 

* H 
OPERATION Program Inhibit 

H L 
(Ta =25±5·C) 

Program Verify H L 

Note H: VIL, L: VIL, * : VIH or VIL 

a'UtrMo~~; 

The TMM2764ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

t'iOUtPU~p".t;Ect:.O,*~;: 

Assuming that CE = VIH or OE = VIH, the outputs 
will be in a high impedance state. 

So two or more TMM2764ADI can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [/Lw/cm2j will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [/Lw/cm 2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TM M2764ADI's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 

In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TIL. 

--
Vpp Vee 00-07 

POWER (1) (28) (11-13,15-19) 

Data Out Active 

5V 5V High Impedance Active 
--

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V --

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACe). 

Assuming that CE=VIL, PGM=VIH and all ad­
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE = OE = VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CEo is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM2764ADI has a low power standby mode 
controlled by the CE signal. 

By applying a TIL high level to the CE input, the 
TMM2764Aoi IS placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM2764ADI are in the "1" state which is erased 
state. The programming operation is introduces "Os" 
data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 
The verify mode is to check that the desired data 

is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+ 

12. qV) is applied to Vpp terminal, a high level CE or 
PGKr input inhibits the TMM2764ADI from being 
programmed. 

Programming of two or more TMM2764AOI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 
The program time can be greatly decreased by 

using this high speed programming mode. 
The device is set up in the high speed program­

ming mode when the programming voltage( +12. 5V) 
is applied to the Vpp terminal with Vcc=6V and PGM 
=VIH. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the PGM input after addres­
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

TMM2764ADI-15 
TMM2164ADI-20 

reduce 70% of the operating current and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The levels required for all inputs are TIL. 
The TM M2764ADI can be programmed any location 

at anytime - either individually, sequentially or at 
random. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That IS, all inputs except for CE or PGM may be 
commonly connected, and a TIL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TIL high level signal is applied to the 
other devices. 

program pulse of 1 ms is applied and then pro­
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 

The High Speed Program" Algorithm (shown in 
figure 2, page G-S) may also be used to reduce the 
programming time further. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Ims9c 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TM M2764ADI which identifies its manu­
facture and device type. 

The programming equipment may read out manu­
facturer code and device code from the TMM2764ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

PIf'JS I i~ Ao 

! 

0, 0 6 0 5 

r------
i Man~ctur 

LDevlce Cod 

(10) (19) 
I 

e Code I 
Vil I 1 I 

e 
I 

VIH I 0 

Notes: A9= 12V±0. 5V 
Al-A8, Al0-A12,CE. OE='V,L 
PGM=VIH 

(18) (17) 

0 0 

1 .--L 0 

TMM2"84ADol~15C 
TMM2764ADI-2d 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output 
under these conditions is manufacturer code. Device 
code is identified when address AO is set to VIH. 
These two code possess an odd parity with the parity 
bit of MSB (07). 

The following table shows electric signature of the 
TMM2764ADI. 

O. 0 3 O2 0, 0 0 HEX. 
(16) (15) (13) (12) ( 11) DATA 

1 1 0 0 0 98 

1 0 0 1 
I 

0 .1-~-. 
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·'IIVI~U"61ID~lk15 
IM'M21~641ltl~20 

OUTLINE DRAWINGS 

RCl64 

37.7 MAX. 

7.1 ± 0.2 

19 18 17 16 15 

4 5 6 7 8 9 10 11 12 13 14 

2.54±Cl2~ 1.3±Cl25 

+Cl15 
Cl46-Cl10 

Note 1 

<0 
<0 
"<Ii 
rl 

l 

Unit in mm 

+Cl15 
.Cl25-Cl10 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsiblhty for use of any CirCUitry described; no CirCUit patent hcenses are Imphed,.and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 

©May., 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 

TMM27128AD-15, TMM27128AD-150 
TMM27128AD 20, TMM27128AD-200 

DESCRIPTION 

The TMM27128AO is a 16,384 word x 8 bit ultra­
violet light erasable and electrically programmable 
read only memory. For read operation, the TM M 
27128AO's access time is 1 50ns/200ns, and the 
TMM27128AD operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 

-15 - 1 50---L - 200 I 

~__ 5V±5% 5V±10% I 
~ 1 50ns ! 200ns 1 50ns I 200ns I 
LIcC2 + 100m_A __ -+ ___ 120mA I 

l!CC1 . 30mA 35mA ~ 

PIN CONNECTION (TOP VIEW) 

Vee 
PGM 

A13 

AS 

Ag 

All 
OE 

AIO 
CE 

Ao 07 

°0 06 

°1 °5 
02 °4 

03 

The standby mode is achieved by applying a TTL­
high level signal to the CE input. 

For program operation, the program is achieved 
by using the high speed programming' mode. 

The TMM27128AD is fabricated with the N­
channel silicon double layer gate MOS technolgy. 

• Fully static operation 

• High speed programming mode 

• Single location pro.gramming 

• Three state outputs 

• In~~uts and outputs TIL compatible 

• Pin compatible with i27128A 

BLOCK DIAGRAM 

Vpp GND Vee 

OE~ ,~~--~--~~ 

CE 
roM~ __ ~ ______ ~~ 

AO 

A5 
A6 
A7 
A8 
A9 

A10 
All 
A1Z 
A13 

ARRAY 

1fi 384x8 bi ta 

MODE SELECTION 

PIN NAMES 

Ao-A13 Address Inputs I --
00-07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

GND I Ground 
,--. 

~ PINPGM CE 10E Vpp 
MODE ----~ (27) (20) (22) (1) 

Read H L L 

Vee 00-07 I 
(28) (11-13. 15.-:.~~OWER I 

_. Active 
Output 

Deselect * * H 

Data Out . I 

5V 5V High Impedance 

Standby * H * 
__ Pr_o-=-g_ra_m_-+_L L * 

Program 

Inhibit 

H 
f---+--i---I12.5V * * 

Program 

L Verify 

H 

H 

Note * : H or L 
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L H 

L L 

------.-----r----~ 

High Impedance Standby 

I Data In 
6V High Impedan~;-
~~edance~ 

Data Out I 

Active 

I 



MAXIMUM RATINGS 
,-------

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 
-

VIN Input Voltage ·-0.6-7.0 V 
f---- --------

VOUT Output Voltage -0.6-7.0 V 
--

Po Power Dissipation 1.5 W 
--

TSOLDFR Soldering Temperature· Time 260·10 °C'sec 
--

TSTRG Storage Temperature 

I 

-65-125 

I 
'C 
--

TOPR Operating Temperature 0-70 'C . .-J 
READ OPERATION 
-----~~---

D. C. RECOMMENDED OPERATING CONDITIONS 

r= SYMBOL PARAMETER TMM27128AD-15/20 TMM27128AD-150/200 I 
Ta Operating Temperature 0-70'C 0-70'C j 
Vee Vee Power Supply Voltage 5V±5% 5V±10% j Vpp Vpp Power Sup'ply Voltage 20-Vee±0.6V 2.0-Vee+0.6V 

O. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 p.A 

ILO Output Leakage Current VouT=0.4-Vee - - ±10 p.A 

- -15/20 - - 30 
lee1 Supply Current (Standby) CE=VIH mA 

-150/200 - - 35 

- -15/20 - - 100 
1eC2 Supply_ Current (Active) CE=VIL mA 

-150/200 - - 120 

VIH Input High Voltage - 2.0 - Vee+ 1 .0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400p.A 2.4 - - V 

VOL Output Low Voltage IOl=2. 1 mA - - 0.4 V· 

IpP1 Vpp Current Vpp=0-Vee+0.6 - - ±10 p.A 
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A. C. CHARACTERISTICS 

1 

~ SYMBOL PARAMETER 

l tACC Address Access Time 

~ 
CE to Output Valid 

tar OE to Output Valid 

tPGIv1 PGM to Output Valid 

tOF 1 CE to Output In Hlgh-Z 

tDF2 OE to Output In Hlgh-Z 

tOF3 PGM to Output In Hlgh-Z 

D ta Hoi tOH I Output a d Tim e 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25°C, f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TI.7128ID-1:5, 1:.1211.810-150" 
TI12712810 .. 21,· TI12712810·200 

- -FMM27128AD-151150 I TMM27128AD-20/200 

MIN. MAX. 

._- 150 

-

._-

-

0 

I 
0 

0 
I o 

TTL Gate and CL = 100pF 
10ns Max. 

0.45V to 2.4V 

150 

70 

70 

60 

60 

60 
-

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

CONDITION 

VIN=OV 

VOUT=OV 

MIN. MAX. 

- + 200 

- 200 
--+-

- 70 

- 70 

0 60 

0 60 

0 60 

o -

MiN. TYP. MAX. 

- 4 6 

-- 8 12 

I 

: 

UNIT 

ns 

ns 

I 

ns 

ns 

ns 

ns 

ns 
I 

n I 

UNIT 

pF 

pF 

* This para mater is periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 

OE 

tpGM 

PGM 

HIGH Z 
DATA 
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T"21'l28A'.l';··,'1.1"'!~AD~1.0 
IM.211fa&~8~20jl'''.21fi~8AIl·288 

HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

OL PARAMETER 

Input High Voltage 

InputLow Voltage 

--
f-. Vee Power Supply Voltage 

Vpp Power Supply Voltage 

MIN. 

2.0 

--0.3 

5.75 

12.0 
~. 

~ '>,,( 0" 

---.--
TYP MAX. UNI 

f--. 
~ VeeT 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, Vee=6V±025V, Vpp=12 5V±0.5V) 

~
YMBOL PARAMETER 

III Input Current VIN=O-Vee 
------

~
VOH.~ Output High Voltage IOH= -400,uA ____ _ 

~ ____ Outp~_Low Voltage IOL = 2 1 mA ____ ~ _____ .. ~ ___ ~_ 

Icc t~~~UPPIY Current ________ 1-___ =-___________ __ 
1. __ 1~_2 _~pp Supply Current. Vpp= 13 OV 

V.!!::. __ L~""9 Auto Sele~olta~ _______ -_____ .. 

TEST CONDITION MIN. TYP. MAX. UNIT J 
- - ±10 ~ --

2.4 - - V I 

- - 0.4 V J I-----f--
- - 120 mA I 

.J 
- - 50 mA I 

----j 
11.5 12.0 12.5 ~ 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5"c' Vee=6V±025V, Vpp=12.5V±0.5V) 

lSY~ PARAMETER 
--r--. tAS Address Setup Time 

tAH Address Hold Time 
--

teEs CE Setup Time 

teEH CE Hold Time 
f--

tr>s Data Setup Time 
f---------

tDH Data Hold Time 

tvs Vpp Setup Time 
1---. 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program pulse Rise Time 

tPFT Program Pulse Fall Time 

to~ OE to Output Valid Valid 

I tDF2 OE to Output is High-Z 
I I 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing rv1easurement Reference Level 

-,-
TEST CONDITION 

I 

-

-

-
- --f-. 

-

-

-

-

-

Note 1 

-

-

-' 

CE=VIL 

1 TIL Gate and CL (1 OOpF) 

10ns Max. 

0.45\/ to 2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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MIN. TYP. MAX. 

~ 2 - - ,us 

2 - -

~1 2 - - ,us 

2 - - ,us 

- ,us I 2 -

2 - E 2 
----1 

- - ,us I 

0.95 1.0 1.05 ms ~ 
2.85 3 78.75 ms . 

5 - L- ns 

~.= 11~0 ns 

ns 

-- i - 90 ns 



TIMING WAVEFORMS (PROGRA",,) 

ADDRESSES 

CE 

OE 

00 - 07 

PGM 

Vpp /; 

DIN 

tDS 

TMM27128AD-15, TMM27128AO-150 
TMM21128AO-20, TMM27128AD~200 

tCEH 

STABLE 

tDH 

tOPW 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 

be exceeded 1 4 V . 

- G-31 -



The TM M2712BAO's erasure is achieved by apply­
ing shortwave ultraviolet light which has a wave­
length of 2537 A (Angstroms) through the chips trans­
parent window. 

The integrated dose (ultraviolet light intensity 
[W/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27128AO's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [JLw/cm 2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [JLw/cm 2] X (20X60) [sec] ~ 15 
[w· sec/cm2].) 

The TM M2712BAO's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000~4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Sea! AC901-are avail­
able 

,In the read operation mode, a single 5V power 
supply IS required and the levels requirec for all 
inputs are TTL. 

-~UMBER) PGM CE10E Vpp Vee OO-O} 
MODE -____ (27) (20) (22) (1) (28) (11-13,15-'19) POWER 3 
READ Read H L 

r----
OPERATION Output Deselect * * 
(Ta=0-70°C) Standby * H 

Program L L 
PROGRAM -----_._. - .. 

* H 
OPERATION Program Inhibit I----1-----

H L 
(Ta=25±5°C) 

Program Verify H L 
--~----

Note H . VIH, L . Vll, * : VIH or VIL 

READ MODE 

The TMM27128AO has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for deVice selection. 
-----.Ib.e output enable (OI~) and the program control 
(PGM) control the output buffers, Independent" of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will 
be in high impedance state. 
Thus, two or more TMM2712BAO's can be connected 

L Data Out Active 
I----

H 5V 5V High Impedance Active 

* High Impedance Standby I 

* Data In 
'1 

Active I 

* Active High Impedance l I---- 12.5V 6V 

j H High Impedance Active 
--
L Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACC). 

Assuming that CE == VIL, PGM = VIH and all ad­
dresses are valid, the output IS valid at the outputs. 
after tOE from the falling edge of OE. 

And assuming that CE=OE==VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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, STANGSY IIOOE. 

The TMM27128AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a TIL high level to the CE input, the 
TM M27128AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128AD are in the "1" state which is the erased 
state. 
The programming operation introduces "Os" data into 
the desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode IS to check that the desired data IS 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vppterminal, a high level CE or 
PGM-input inhibits the TMM27128AO from being 
~'irogrammed . 

Programming of two or more TMM27128AO's in 
parallel with different data ,s easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
lI~lng thiS high speed programming mode. The 
de\/lce is S€+ up in the high speed programmtng 
mode when the programming voltage (+ 12. 5V) IS 
applied to the Vpp terminal with Vee=6V and ~PGM= 
VIH. 

The programming is achieved by apply!ng a single 
TTL low level llns pUlse the PGM input after addres­
ses and data (,re stable. Then the programmed data 
is verified by l)s:ng Program Verify Mode. 

If the progr·",,-:,rned data is not correct, another 

.T.lltl:l2.A~t~5, .• T"211.2IAD"15tl-':·· 
f1tMR·,t:I'AI"20, 1_211-21,.200·,', 

reduces 70% of operating current. The outputs are in 
a high impedence state, independent of the OE and 
the PGM inputs. 

The levels required for all inputs are TIL. 
The TM M271 28AD can be programmed at any 

location, anytime - either individually, sequentially or 
at random. 

The vertfy IS accomplished with OE and CE at VIL 
and PGM at VIH. 

That IS, all Inputs except for CE or PGM may be 
commonly connecte1j, and a TTL low leve! program 
pulse IS applied to the CE and PGM of the desired 
device only and TIL high level signal IS applied to the 
other devices. 

program pulse of 1 ms IS applied and then pro­
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When pro';:Jrammtng has been completed, the 
data in all addresses should be verified with Vee = Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page G-S) may also be used to reduce the 
programming time further. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERFROGRAM 3X PULSES OF lmsec 

OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TM M27128AD which identifies its manufac­
ture and device type. 

The programming equipment may read out manu­
facturer code and device code from the TM M2764AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

[~ PINS Ao 0, 0 6 

I SIGNATURE -_______ (10) (19) (18) 

i 
I 

Manufacture Code VIL 1 

Device Code VIH 1 

Notes: A9=12V±0.5V 
Al-A8, A10-A13,IT, OE=VIL 
PGM==VIH 

0 

1 

05 
(17) 

0 

0 

TMM27128AO"15, TM127128AO-150 
11127128AO-20, 11127128AO·200 

Electric signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines are set to VIL in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VI H. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27128AD. 

O. 0 3 O2 0, 0 0 

I 
HEX. 

(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 T 98 

1 0 0 1 1 i 03 

I 

--~ 
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OUTLINE DRAWINGS 

R (16 4 

l'­
d 
+1 
N 
t1 

37.7MAX. 

7.1+ 0.2 

28 Z7 26 25 24 23 22 21 m 19 18 17 16 15 

1234567 

2.54±(125 

8 9 10 11 12 13 14 

1.3±0.25 

+0.15 
0.46-(110 

Note 1 

Unit in rom 

15.24±(13 

+0.15 

C 
Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 
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Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

c May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
16.384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 

TMM27128ADI-15 
TMM27128ADI-20 

DESCRIPTION 

The TMM27128ADI is a 16,384 word x 8 bit ultra­
violet light erasable and electrica"y programmable 
read only memory. For read operation, the TM M 
27128ADI's access time IS 150ns/200ns, and the 
TMM2 7128ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without Increasing 
access time. 

FEATURES 

30mA I 

~ ____ +--__ -_1_5_=r= -20 I 

5V±5~--=l Vee 

tAee 150ns I 200ns I 
100mA . leC2 

leel 

PIN CONNECTION (TOP VIEW) 

Vpp Vee 

A12 POM 

A13 
Ag 

A5 Ag 

All 
OE 
AIO 
IT 
0" 
0 6 

°5 

°4 
°3 

The standby mode is achieved by applying a TTL 
high level signal to the CE Input. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128ADI is fabricated with the N­
channel silicon double layer gate MOS technolgy. 

• Wide operating temparature range -40-85'C 
• Full static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with 127128A 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 

AIO 
All 
Al2 
A13 

Vpp GND Vee 

MODE SELECTION 

PIN NAMES 

~ PIN iPG'M CE OE Vpp Vee 00-07 POWE~ MODE ~~ (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
-- Active 

Ao-A13 Address Inputs 

00-07 Output~ (Inputs) 

Output I 

I * * H 5V 5V High Impedance 
Deselect 

CE Chip E,lable Input Standby * f---. 
H * High Impedance Standby 

OE Output Enable Input 

PGM Program Control Input 

Program L L .. * Data In 

I 
f-----

Program * H * High Impedance 
12.5V 6V Active 

Vpp Program Supply Voltage 

Vee Vee Supply Voitage (+ 5V) 

GND Ground 

Inhibit H L. H High Impedance 

l 
Program 

H L L I I I 
Data Out 

Verify 

Note * : H or L 
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SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

T SOLDER Soldering Temperature - Time 260 - 10 ·C-sec 

TSTRG Storage Temperature -65-125 ·C 

TOPR Operating Temperature -40-85 ·C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM27128AOI-15/20 

Ta Operating Temperature -40-85·C 

Vee Vee Power Supply Voltage 5V±50/0 

Vpp Vpp Pawer Supply Voltage 2 .0-Vee±0. 6V 

D.C.'ANDOPERAriNG CH.ARACrERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J.l.A 

ILO Output Leakage Current VouT=0.4-Vee - - ±10 J.l.A 

Icel Supply Current (Standby) CE=VIH - - 35 mA 

leC2 Supply Current (Active) CE=VIL - - 120 mA 

VIH Input High Voltage - 2.0 - Vec+ 1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400J.l.A 2.4 - - V 

VOL Output Low Voltage IOl=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 J.l.A 
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A. C. CHARACTERISTICS 

I:YMBOL PARAMETER 

tACC Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output In Hlgh-Z 

tDF2 OE to Output In High-Z 

tOF3 PGM to Output In Hlgh-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TMM27128ADI-15 

MIN. 

-

-

-

-

0 

0 

0 

0 

1 TIL Gate and CL = 100pF 
10ns Max. I 

0.45V to 2.4V 

MAX. 

150 

150 

70 

70 

60 

60 

60 

-

fM . . ·jj"A.~).5 
·JM:J82l:t:28ADJ-Z'U 

TMM27128ADI-20 
UNIT 

MIN. MAX. 

- 200 ns 

- 200 ns 

- 70 ns 

- 70 ns 

0 60 ns 

0 60 ns 

0 60 ns 

0 - ns 

• Timing Measurement Reference Level Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 

;CAPACITANCE * (Ta=25'C, f= 1 MHz) 

I SYMBOL I PARAMETER CONDITION MIN. TYP. MAX. UNIT 

I CIN Input Capacitance VIN=OV - 4 6 pF 

I COUT Output Capacitance VOUT=OV - 8 12 pF 

* This para mater IS periodically sampled is not 100% tested. 

TIMING WAVEFORMS (READ) 

PGM 

HIGH Z 
DATA OUTPUTS 

HIGH Z 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. 

V!H Input High Voltage 2.2 - Vee+ 1.0 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -
-- ----

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 

lee Vee Supply Current - - -- 120 
-

IpP2 Vpp Supply Current I Vpp= 13.0V - - 50 

VID A9 Auto Select Voltage I - 11.5 12.0 12.5 
I 

A. C. PROGRAMMING CHARACTE:RISTICS (Ta=25±5°C, Vee=6V±0. 2fiV, Vpp= 12 5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 
--

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program pulse Rise Time 

tF'FT Program Pulse Fall Time 

tOE OE to Output Valid Valid 

tOF2 OE to Output is Hlgh-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 

-

-

-

CE=VIL 

1 TIL Gate and Cl (1 OOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 

- G-42 -

MIN. 

2 

2 

2 

2 

2 

2 

I 2 

0.95 

2.85 

5 

5 

-

-

TYP. MAX. 

- -

- -

- -

- --

- -

- -

- -

1.0 1.05 

3 78.75 

- -

- -

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS (PROGRA",,) 

ADDRESSES ~ 
tAS 

CE ~\\\\ ~\-
b~ 

~ \ / 

I 

t-

tOE 
r 

OE 

H DIN KDOUT UNKNOWN STABLE )-- VALID 

I tDS tDH 

I I 

U 
r-

tpFT tpRT 
PGM 

.~ 
Vpp I/I/I! 'Ij; 

tvs 

-----
PROGRAM 

PROGRAM VERIFY 

INITIAL PROGRAM 

r-

~ 
tDF2 

·1 

DIN STABLE 

tDS 

/ 

l topw 

PROGRAM 

TMM27128ADI-15 
TMM27128ADI-20 

C 
tAH 

f illll;; 
tCEH I 

tDH 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 

be exceeded 14V. 
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ERASIJRE; CHARACTERISTICS 

The TMM27128ADI's erasure is achieved byapply­
ing shortwave ultraviolet light which has a wave­
length of 2537 A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[W/cm2j X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27128ADI's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

DE) PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta= -40-85°C) Standby * H 

PROGRAM 
Program L L 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5°C) 

Program Verify H L 

Note H . VIH. L .. '(IL. * : VIH or VIL 

READ MODE 

The TMM27128ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 
~e output enable (OE) and the program control 
(PGM) control the output buffers. Independent of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data IS valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will 
be in high impedance state. 
So two or more TM M27128ADI's can be connected 

OE 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [Mw/cm2j will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [Mw/cm2j X (20X60) [sec] ~ 15 
[w' sec/cm2] .) 

The TMM27128ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Sunlight and flourescent lamps include 3000~4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901 .. are avail­
able 

In the read operation mode. a Single 5V power 
supply is required and the levels required for all 
inputs are TIL. 

Vpp Vee 00-07 
(22) (1) (28) (11-13.15-19) 

P OW;! 
L 

H 

* 
* 
* 
H 

L 

Data Out 

5V 5V High Impedance 

High Impedance 

Data In 

12.5V 6V 
High Impedance 

High Impedance 

Data Out 

Actl 

Actl 
.. - ---

ve 

ve 

Sta ndby 

Acti ve 
. _-- f- .. 

J~!-ctl 

~.~~_~I 
L~~~tl 

ve 

~~~J 

The CE to output valid (tCE) IS equal to the address 
access ti me (lAce). 

Assuming that CE=V!L, PGM=VIH and all ad­
dresses are valid, the output is valid at the outputs 
after tOE from the falling edge of OE. 

And assuming that CE = OE = VIL and all addresses 
are valid. the output data IS valid at the outputs after 
tPGM from the rising edge of PGM. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TM M27128ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a TIL high level to the CE input, the 
TMM27128ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program-

PROGRAM VERIFY MODE 

The verify mode IS to check that the desired data IS 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpptermlnal, a high level CE or 
PGM Input inhibits the TMM2 7128ADI from being 
programmed. 

Programming of two or more TMM27128ADI's in 
parallel with different data IS easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
uSing thiS high speed programming mode. The 
device IS set up In the high speed programming 
mode when the programming voltage (+ 12. 5V) IS 
applied to the Vpp terminal with Vee = 6V and PGM = 
VIH. 

The programming IS achieved by applYing a single 
TIL low leve! 1 ms pulse the PGM Input after addres­
ses and data are stable. Then the programmed data 
IS venfled by uSing Program Venfy Mode. 

If the programmed data IS not correct, another 

TMM27128ADI-15 
TMM27128ADI-20 

reduces 70% of operating current. The outputs are 
then in a high impedence state, independent of the 
OE and the PGM inputs. 

mingo 
The levels required for all inputs are TIL. 
The TM M27128ADI can be programmed at any 

location, anytime - either individually, sequentially or 
at random. 

The verify IS accomplished with OE and CE at VIL 
and PGM at VIH. 

That IS, all Inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse IS applied to the CE and PGM of the desired 
device only and TIL high level signal IS applied to the 
other devices. 

program pulse of 1 ms IS applied and then pro­
grammed data IS venfied. ThiS should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vce=Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page G-S) may also be used to reduce the 
programming time further. 
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.IHt~~ ~'EO PROG:RA.M.MODE .FLOWCHART 

ADDRESS= 
NEXT ADDRESS 

OVERFROGRAM ~ PULSES OF ~S~ 
OR ONE PULSE OF 3X msec DURATION 

NO 
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E~ECTJ\~"I"N,ATUM' M()DE' 
Electric signature mode allows a code to be read 

from the TM M27128ADI which identifies its manu­
facture and device type. 

The programming equipment may read out manufac­
turer code and device code from the TM M27128ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

Ao 0 7 0 6 Os i~S SIGNATURE (10) (19) (18) (17) 

I 
I 

Manufacture Code VIL 

Device Code 
I VIH 

Notes: A9 = 12V±0. 5V 
A1-A8, A10-A13,CE, OE=VIL 
PGM =VIH 

1 0 0 

1 1 0 

TMM2t128A'DI-15 
TMM21128ADI-20 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of 
TMM27128ADI. 

0, 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 98 

1 0 0 1. 1 D3 
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tM:.,t!;ll2'8A81~1'5 ' 
TMM2ll28AI;I-28 

OUTLINE DRAWINGS 

37.7MAX. 

7.1 ±O.2 

28 Z1 26 25 24 23 22 21 m 19 18 17 16 15 

RU64 

2 3 4 5 6 7 8 g' 10 11 12 13 14 

2.54±U25 1.3±U25 

+U15 
U46-U10 

Note 1 

Unit in mm 

15.24±U3 

J
~ 

+U15 
'-- U25-UIO 

17.4MAX. 

Note 2 

J 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

Note Toshiba does not assume any rpspons,b,lity for use of any cirCUItry descnbed ; no CirCUIt patent licenses are Implied. and ToshIba reserves the nght. at any time 
WIthout notIce. to change said Circuitry 

~May .. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 

DESCRIPTION 

The TMM27256AD is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program­
mable read only memory. 

For read operation, the TM M2 7256AD's access 
time IS 150ns/200ns, and the TMM27256AD oper­
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis­
sipation without increasing access time. The standby 

FEATURES 

tEE 
~~:: 

1eC2 

icel 

-15 I -20 

5V±5% 

150ns I 200ns 

100mA 

30mA 

-150 I -200 

5V±10% 

150ns I 200ns 

120mA 

35mA 

PIN CONNECTION (TOP VIEW) 

Vee 
A12 A14 

A7 A13 

A6 A8 

A5 A9 

All 

A3 BE 
A2 AIO 

C'E 
AO 07 

00 06 

01 05 

02 04 

GND 03 

PIN NAMES 

mode is achieved by applying a TIL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256AD IS fabricated with the N-chan­
nel silicon double layer gate MOS technology. 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with i 27256 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

AO 
Al 
A2 

~3 
A4 
A5 
A6 
A7 
AS 
A9 

AID 
All 
A12 
A13 
A14 

Vpp GND Vee 00 01 0203 04 05 06 07 

Ao-A14 Address Inputs 

00-07 Outputs (Inputs) ~ CE OE Vpp Vee 00-07 
POWER 

MODE (20) (22) (1) (28) (11-13,15-19) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp Program Supply Voltage 

Read L L Da~ Out 

Output 
Active 

* H 5V 5V High Impedance 
Deselect 

Vee Vee Supply Voltage (+ 5V) StanJby H * High Impedance Standby 

GND Ground Program L H Data In 

Program 
H 12.5V 6V High Impedance Active * Inhibit 

Program 
L Data Out * Verify 

Note * : H or L 
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'MI2l256AO-15y -11.,27258AO"150 
1.,127256AI-20, 1"127258AO-200 

MAXIMUM RATINGS 

SYMBOL ITEM 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VIO Input/Output Voltage 

Po Power Dissipation 

TSOLoER S·oldering Temperature· Time 

TSTG Storage Temperature 

TOpR Operating Temperature 
'---

READ OPERATION 

I 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS I 

RATING UNIT 

-0.6-7.0 V 
--

-0.6-14.0 V 

-0.6-7.0 V 

-0.6-7.0 V 

1.5 W 

260·10 ·C·sec 

-65-125 'C 
--

0-70 'C 

--

I SYMBOL PARAMETER I TMM27256AD-15/20 TMM27256AD-150/200 

I Ta Operating Temperature I 0-70'C 0-70'C 
i 

Vee Vee Power Supply Voltage I 5V±5% 5V± 10% 
~ 

I 
--

I Vpp Vpp Power Supply Voltage 2.0-Vee±0.6V 2.0-Vee+0.6V 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER 

I 

CONDITIO~J MIN. TYP. MAX. UNIT 

__ IL_I~ Input Current VIN=O-Vee - - ±10 fLA 

lio Output Leakage Current 

I 

VouT=0.4-Vee - - ±10 fLA 
------r -15/20 - -- 30 -

Icel Supply Current (Standby) CE=VIH mA 
-150/200 - - 35 

- -15/20 - - 100 
leC2 Supply Current (Active) CE=VIL f--- mA 

-150/200 - - 120 

- VIH Input High Voltage 

1,0" = -400pA 

- 2.0 - Vee+ 1 .0 V 

VIL Input Low Voltage - -0.3 -- O.B V 

VOH Output High Voltage 2.4 - - V I ---

~ VOL Output Low Voltage =:=jIOL=2.1 mA - -- 0.4 
--

11'1'1 Vpp Current Vpp=0-Vee+0.6 -- - ±10 

A. C. CHARACTERISTICS (Ta=0-70'C, Vee= 5V± 5%, Vpp=2 .0V-Vee+0. 6V) 

TMM27256AD-15/150 TMM27256AD-20/200 
SYMBOL PARAMETER 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in Hlgh-Z 

tOH Output Data Hold Time 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

CE =OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 

CE=VIL 

CE=OE=VIL 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 

MIN. 
--

--
_._---

-

0 

0 

0 

MAX. 

150 

150 
--

70 

60 

60 

--

Inputs O. BV and 2. OV, Outputs O. BV and 2. OV 
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UNIT 
MIN. MAX. 

- 200 ns 
- 200 ns 
- 70 ns 

0 60 ns 

0 60 ns 

0 - ns 



CAPACITANCE * (Ta=25'C, f= 1 MHz) 

TMM27256AO-15, TMM27256AO-150 
TMI27256AO-20, T"'127256AO-200 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV --
--f--. 

4 6 pF 

Cour Output Capacitance Vour=OV - 8 12 pF 

* This pararnater IS periodically sarnpled and IS not 100% tested. 

TIMING WAVEFORMS (READ) 

HIGH Z 
00-0'7 

PROGRAM OPERATION 

D.C. RECOMMENDED OPER~T'NG CONDITIO~S 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
--

VIH Input High Voltage 2.0 -- _ Vee+ 1.0--L V 

VIL Input Low Voltage -0.3 - 0.8 V 
1--- --f--- --

Vee Vee Power Supply Voltage 5.75 6.0 6.25 V 

I Vpp Vpp Power Supply Voltage 12.0 12.S 13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.2SV, Vpp=12SV±0.SV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX.I UNIT 

I III Input Current VIN=O-Vee - - ±1O I J-IA 

VOH Output High Voltage IOH= -400J-lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 rnA - - 0.4 V 
--

Icc Vee Supply Current - - - 120 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - SO rnA 
--.J 
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t.M2:J25.ID~'1:~:'rI127r5IAD~1JO 
llM2'r58AD'r8;·,·t,.M2~21'AD~tDtJ. 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C, Vee=6V±025V, Vpp=12.5V±O.5V) 

f__SY-MtA-sB-O-L-+-ll _____ P_A_R_A_M_E_T_E_R ____ -+ _____ T_E_S_T_C_O_N_D __ �T_�O-N------IIf-M-21~1l'YP I M~_X~NIT=l 

~--.-f__A-d-d-re-s-s-H-O-I-d-T~I-m-~-e~~~~~~~~~~~~~:~~~~~~~~~~~~~~·~~-~~~~~~~~~~~~~~~~:+__'----2--=-t__i' ----~J-~ 
Address Setup Time - ._~I J-lS . 

tCES CE Setup Time - 0 I -- i -- I ns 

teEH CE Hold Time - 0 I -=-!=--+-~~--! 
+---+---+--------1 

tOES OE Setup Time - I 2 -1=- I - -+-jl~----J 

tDS t Data Setup Time - I 2 I' - I -~~ i 

tDH Data Hold Time - I 2 - -----r--=- I J-ls I 

R§ ----------t------t--I -----+----t---'=-=---1 
tvps __ ~ Vpp Setup Time - 2 'I - ! - I J-ls ! 

1 ----'--------+-----------+!--+--+--=---t----1 
tves i Vee Setup Time - ~_~ __ = __ ~~~-~ 
tpw Initial Program Pulse Width CE=V'L,OE=V'H lo.9~ 1 :105 1 ms i 

! I 3Vs-:7~-----1 ~ topw Overprogram Pulse Width Note 1 ______ -+_2 __ .8_5
1 I ~~~ __ ~ 

I tOE i OE to Output Valid CE=V,H 1- '-~ ; ns : 

, t _---l'_OE to Outp_u_t _1n_H---='9'--.h_-Z _____ ---1-________ C_E_=_V_'H____ -- I - ! 1 30 +-~;;--~ L..E tF ... ~~ __ l-__ --L ___ _ 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TIL Gate and CL (1 OOpF) 

10ns Max. 

o .45V to 2.4V 

Input O. 8V and 2. OV, Output O. 8V and 2. OV 

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±OZ5V. Vpp=125V±O.5Vl 

AO-·14 

>< x= 
I tAH 

~ I tpw I 

\ topw/ tCEH ~ Yr -
~ 

I H tDFP 

CE 

OE f\ 
tDS tDH tOE -- I--

U STABLE I\. DOUT VALID \ 
If " / OO-O? 

L 
tvps 

vpp 
I 

I 

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 f.rom socket and setting the deVice In socket with Vpp = 12. 5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the V'pp 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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ERASUR.E ·CHA.RACTERISTICS 

The TM M27256AD's erasure is achieved by apply­
ing shortwave u!traviolet light which has a wave­
length of 2537 A (Angstroms) through the chips trans­
parent window. 

The integrated dose (ultraviolet light intensity 
[w/cm2) X exposure time [sec.)) for erasure should be 
a minimum of 15 [w· sec/cm2) 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256AO's six operation modes are list­
ed in the following table. Mode selection can be 

I------------~~R) CE 
(20) MODE 

Read L 
Read Operation 

Output Deselect * (Ta =0-70°C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5°C) 

Program Verify * 
Note H : VIH, L : VIL, * : VIH or VIL 

READ MODE 

The TMM27256AO 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 

OUTPUT DESELECT MO·DE 

Assuming that CE = VIH or OE = VIH. the outputs 
will be in a high impedance state. 

So two or more TMM27256AO's can be con-

OE 
(22) 

L 

H 

* 
H 

* 
L 

TMM27.256AO-15, TMM27256AD-150 
TMM27256AO-ZO, TMM27256AO-200 

And using commercial lamps whose ultraviolet light 
intensity is 12000 [,uw/cm2) will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [,uw/cm2) X (20X60) [sec) ~ 15 
[w· sec/cm2).) . 

The TMM27256AD's erasure begins to occur wilen 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail­
able 

achieved by applYing TIL level signal to all inputs. 

Vpp Vee 00-07 
POWER 

(1) (28) (11-13,15-19) 

Data Out Active 

5 V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12.5V 6V Highlmpedance Active 

Data Out Active 

stabilizing of all addresses. 
The CE to output valid (tCE) is equal to the address 

access time (tACC). 
Assuming that CE=VIL and all addresses are 

valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are In low power standby mode. 
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< <.TANDBV,MODE 
The TM M27256AD has a low power standby mode 

conntrolled by the CE signal. 
By applying a high level to the CE input, the 

TM M27256AD is placed in standby mode which 

~ PAQGBAM; .n,aq[) •. 
Initially, when received by customers, all bits of the 

TMM27256AD are in the "1" state which is the erased 
state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program­
ming . 

.. f:f~fl~{i'~""YE~'~:WJPi:~< 
The verify mode is to check that desired data IS 

correctly programmed on the programmed bits. 

Under the condition that the program voltage (+ 
12.5V) IS applied to Vpp terminal, a high level CE 
input inhibits the TMM27256AD from being pro­
grammed. 

Programming of two or more TMM27256ADs In 
parallel with different data IS easily accomplished. 

::: V;~~~i:~"g~:iit;),,~'Q~RAMI\1I.~·n,aq"lt 
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 
TIL low level 1 ms pulse to the CE input after addres­
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

The High Speed Program II Algorithm (shown in 
figure 2, page G-S) may also be used to reduce the 
programming time further. 

reduces the operating current by 70%. The outputs 
are then in a high impedence state, independent of 
the OE inputs. 

The TMM27256AD is in the programming mode 
when the V input is at 12.5V and CE is at TIL-Low with 
OE=VIH· 

The TM M27256AD can be programmed at any 
location, anytime - either individually, sequentially or 
at randomly. 

The verify IS accomplished with OE of VIL and CE 
VIH or VIL. 

That IS , all inputs except for CE and OE may ~e 
commonly connected, and a TTL low level program 
pulse IS applied to the CE of the desired device only 
and TIL high level signal is applied to the other 
devices. 

program pulse of 1 ms is applied and then the pro­
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming IS 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 
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'(_M27251A'D;'15, TMM2l258AI-158 
o T_7'2S8ID"28"T.M~1258AD~200;: 

HIGH SPEED PROGRAM MODE FLOW CHART 

[~~ '~~~RESS 

NG 

I OV,;RPROGRAM 3X PULSES 0., mee, 
on lNE PULSE OF 3X msec DURATION 

NG 

NO 

.,,[.0. 

---.-----0( 
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Electric signature mode allows a code to be read 
from the TM M27256AD which identifies its manu­
facture and device type. 

The programming equipment may read out manufac­
turer code and device code from the TM M27256AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

Ao 06 05 ~S SIGNATURE (10) 
I 07 
,-~9) I (18) I (17) 

Manufacture Code 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TM M27256AD. 

04 03 02 01 00 HEX. 
(16) (15) (13) (12) (11) DATA 

0 0 0 98 
I 
I 

I 
Device Code 

VIL ~--~--+--H-~-t--~._~ ____ 1_ .. 
~--L- 0_-+-_ ... ~_-+-__ 0_~ __ .1_-l_.0 1 0 0 54 

j 

Notes: A9 = 12V±0. 5V 
A1-Ad, AlO-A14, CE, OE:=VIL 

OUTLINE DRAWINGS 

3 7.7 MAX • 

7.1 ± 0.2 

I 

1~2=8~~~~~~~~~~CLCUlc5~~ 

!1(164 

2.54±o.2~ 

Note 1 

1.3±(J.25 

+0.15 
0.46-0.10 

14 

J 

Unit in DID! 

15.24±o.3 

- ~o.25:!:~ig 

17.4MAX. 

Note 2 

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. 

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. , 986 Toshiba Corporation 

- G-56 -



TOSHIBA MOS MEMORY PRODUCTS 
32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICAllY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

TMM27256ADI-15 
TMM27256ADI-20 

The TMM27256ADI is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program­
mable read only memory. 

mode is achieved by applYing a TIL-high level signal 
to the CE input. 

For program operation, the programming IS 

achieved by uSing the high speed programming 
mode. 

For read operation, The TMM27256ADI's access 
time IS 150ns/200ns, and the TMM2 7256ADI oper­
ates from a single 5-volt power supply and has low 
power standby mode which reduces tile power dis­
sipation without increasing access time. The standby 

The TMM27256ADI IS fabricated with the N-chan­
nel silicon double layer gate MOS technology. 

FEATURES 

PIN CONNECTION (TOP VIEW) 

Vee 
A14 

Al3 

AS 

A5 A9 

A4 All 

6E 
AIO 

C'E 
AO C'1 

00 06 

01 05 

02 04 

GND 03 

PIN NAMES 

I 
AO-"A14 Address Inputs 

00-07 Outputs (Inputs) 
---

CE Chip Enable Input 
--=--- --

OE Output Enable Input 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

\ 
GND Ground 

• Wide operating temparatur-e range -40-85°C 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with 127256 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

AD 
Al 
A2 
A3 
A4 

A7 
A8 
A9 

AIO 
All 
A12 
A13 
A14 

MODE SELECTION 

Vpp O'l1' Vee 00 01 0203 04 05 06 07 

~~:I CEIOE~V,~T V;~T 00-0, I l 
~E __ (20)1(22) (1) (28)1(11-13,15-19) POW~I 

Read I L I L Data Out 
I -i- ~ Active 

Output 1 * I H 5V 5V High Impedance 
Deselect I 

r----------r--~--~ 
Standby I H * High Impedance I Standby 

I 
Program I L H Data In ~r"--
Program I --

r 
Inhi.blt I H * 112 5V 6V High Impedance ~ Active 

Program I II * L Data Out 
Verify ~~ ___ '-----__ --'---__ ---L ______________ L-____ ----"-

Note * H or L 
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11:121258181 .. 2;0 

MAXIMUM RATINGS 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VIO Input/Output Voltage 

Po Power Dissipation 

ITEM 

T SOLDER Soldering Temperature' Time 

TsrG 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 W 

260·10 "C'sec 

-65-125 °C 

-40-85°C °C 
,-

SYMBOL PARAMETER TMM27256ADI-15/20 ---l 
Ta Operating Temperature -40-85°C _-===---'J 

Vee Power Supply Voltage 5V± 5% ~ 
f-------+----'-'---'----=----------r--------.--

Vpp Power Supply Voltage 2 2-Vee±0.6V Vpp 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. ---;vJAX'-. ~I UNlTl 

I III Input Current VIN=O-VCC - - ±10 _?A I ,-

ILO Output Leakage Current VouT=0.4-Vcc - - ±10 f.lA I 
ICCl Supply Current (Standby) CE=VIH - - 35 mA I 

1eC2 Supply Current (Active) CE=VIL - - 120 mA i 
VIH Input High Voltage - 2.2 - Vec+ 1 

o ~ ~ VIL Input Low Voltage - -0.3 - 0.8 

VOH Output High Voltage IOH= -400f.lA 2.4 - -

VOL Output Low Voltage 1oL=2. 1 mA - - 0.4 TVI 
IpPl Vpp Current Vpp=0-Vcc+O.6 I - - ±10 f.lA I 

A.C. CHARACT~RISTICS (Ta=-40-85°C, Vcc=5V±5%, Vpp=2.0V-Vcc+0.6V) 

TMM27256AD-15 TMM27256AD-20 
SYMBOL PARAMETER TEST CONDITION UNIT 

MIN. MAX. MIN. MAX. 

tAce Address Access Time CE =OE=VIL - 150 - 200 ns 

teE CE to Output Valid OE=VIL - 150 - 200 ns 

tOE OE to Output Valid CE=VIL - 70 - 70 ns 

toFl CE to Output in High-Z OE=VIL 0 60 0 60 ns 

tOF2 OE to Output in High-Z CE=VIL 0 60 0 60 ns 

tOH Output Data Hold Time CE=OE=VIL 0 - 0 -- ns 

A C Test Conditions 

• Output Load 1 TIL Gate and CL = 100pF 
• Input Pulse Rise and Fall Times 10ns Max. 
• Input Pulse Levels 0.45V to 2.4V 
• Timing Measurement Reference Level Inputs O. 8V and 2. OV. Outouts O. 8V and 2. OV 
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CAPACITANCE * (Ta=25'C, f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

* This paramater is periodically sampled and IS not 100% tested. 

TIMING WAVEFORMS (READ) 

AO-A14 

00-07 
HIGH Z 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. 
---~--

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.3 

Vee Vee Power Supply Voltage 5.75 

Vpp Vpp Power Supply Voltage 12.0 

TYP. 

-

-

6.0 

12.5 
--

TMM27256ADI-15 
TMM27256ADI-20 

MIN. TYP. MAX. UNIT 
~ 4 6 pF 
~ 8 12 pF 

MAX. UNIT 

Vee+1 .0 V I 
0.8 V 

6.25 V 

13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.25V, Vpp=12.5V±05V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J.lA 

VOH Output High Voltage IOH= -400J.lA 2.4 - - V 
--

VOL Output Low Voltage IOL=2.1 mA - ~ 0.4 V 

Icc Vee Supply Current - - - 120 mA 

IpP2 Vpp Supply Current Vpp= 13. OV - - 50 mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C. Vcc=6V±0.25V. Vpp=12.5V±0.5V) 

~_SYMBOL I PARAMETER TEST CONDITION 

tAS i Address Setup Time -

G 1 Address Hold Time -

I---'~ 
CE Setup Time -

~ 
CE Hold Time -

tOES I OE Setup Time -

C;"' 1 
Data Setup Time -

, tOH I Data Hold Time -

l tvps i Vpp Setup Time -

I tves I Vee Setup Time -

L tpw 1- Initial Program Pulse Width CE =VIL. OE =VIH 

i topw Overprogram Pulse Width Note 1 
I-

~ __ t..0_E_-L OE to Output Valid _--+- CE =VIH 

L-~~_L_~.~_to Output In H~_Z_~ ___ --1- CE=VIH 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input O. 8V and 2 OV. Output O. 8V and 2. OV 

MIN. 

2 

2 

0 

0 

2 

2 

2 

2 

2 

0.95 

2.85 

-

--

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AD - 14 

DO - 07 

Vpp 

Vee 

TYP. 

-

-

-

-

-

-

-

-

-

1 

3 
--

-

Note: 1. Vee must be applied slmu!taneously or before Vpp and cut off simultaneously or after VPP. 

MAX. 

-

-

-

-

-

-

-

-

-

1.05 

78.75 

f 150 

130 

UNIT I 

Jls 

JlS 
--

ns 

ns 

Jls 

JlS 

JlS 

JlS 
--

JlS 

ms 

ms 

ns 

~~-J 

2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal. the overshoot 
voltage of Its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256ADI's erasure is achieved byapply­
ing shortwave ultraviolet light which has a wave­
length of 2537 A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[w/cm2] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w· sec/cm2] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256ADI's SIX operation modes are lIst­
ed In the following table. Mode selection can be 

=-~~UMBER) CE 
MODE ____ (20) 

Read L 
Read Operation 

Output Deselect ~ (Ta= -40-85"C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5"C) 

Program Verify * 
Note H : VIH, L : VIL, * : VIH or VIL 

READ MODE 

The TMM27256ADI has two control functions. 
The chip enable (CE) controls the operation power 

and should be used for device selection. 
The output enable (OE) controls the output buffers, 

independent of device selection. 
Assuming that CE=OE=VIL, the output data is valid 

at the outputs after the address access time from 

OUTPUT DESELECT MODE 

With CE=VIH or OE=VIH, outputs will be in high 
impedance state. 
Therefore two or more TM M27256ADI's can be con-

OE 
(22) 

L 

H 
--

* 
H 

* 
L 

TMM21256ADI-15 
TMM27256AD,I-20 

And using commercial lamps with an ultraviolet light 
intensity of 12000 [p,w/cm2] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [p,w/cm2] X (20X60) [sec] ~ 15 
[w· sec/cm2] .) 

The TMM27256ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Both Sunlight and flourescent lamps include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 

achieved by applYing TIL level signal to all Inputs. 

Vpp Vee 00-07 
POWER (1) (28) (11-13,15-19) 

Data Out Active 

5 V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

12 ~V 6V High Impedance Active 

Data Out Active 

stabilizing of all addressess. 
The CE to output valid (tCE) time is equal to the 

address access time (tACC). 
Assuming that CE=VI L and all addresses are valid, 

the output data is valid at the outputs after tOE from 
the falling edge of CEo 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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The TMM27256ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256ADI is placed in the standby mode which 

PROGRAM MODE 

I nitially, when received by customers, all bits of the 
TMM27256ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program­
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data IS 
correctly programmed on the programmed bits. 

PROG~AM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) IS applied to Vpp terminal, a high level CE 
Input inhibits the TMM27256ADI from being pro­
grammed, 

Programming of two or more TMM2 7256ADI's in 
parallel With different data IS easily accomplished. 

HIGH. SPEED PROGRAMMING MODe 

The program time can be greatly decreased by 
using this high speed programming mode. The 
dev,ice 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 
TIL low level 1 ms pulse to the CE input after addres­
ses and data are stable. Then the programmed data 
is verified by using Program Venfy Mode. 

If the programmed data is not correct, another 

reduces 70% of operating current by applying TIL­
high level (VCC). The outputs are in a high impedence 
state, independent of the OE inputs. 

The TMM27256ADI is in the programming mode 
when the Vpp input is at 12.5V and CE is at TIL-Low 
under OE=VIH· 

The TM M27256ADI can be programmed at any 
location, anytime - either individually, sequentially or 
at random. 

The venty IS accomplished with OE ot VIL and CE 
VIH or VII. 

That IS , all Inputs except tor CE and OE may be 
commonly connected, and a TTL low level program 
pulse IS applied to the CE ot the desired device only 
and TIL high level signal is applied to the other 
devices. 

program pulse of 1 ms is applied and then the pro­
grammed data IS verified, This should be repeated 
until the program operates correctly (max, 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming IS 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page G·S) may also be used to reduce the 
programming time further. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 

NEXT ADDRESS 
OV~PROGRAM 3X PULSES OF 1 msec 

OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256ADI which identifies its manu­
facture and device type. 

The programming equipment may read out manufac­
turer code and device code from the TM M27256ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

applied to address line A9 and the rest of address 
lines are set to VI L in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two 
code possess an odd parity with the parity bit of M S B 
(07). 

The following table shows electric signature of the 
TMM27256ADI. 

______________ PINS Ao \ 07 06 I 05 04 03 02 0, 00 HEX. 
SIGNATUR-~ (10)! (19) (18) (17) ('16) (15) (13) (12) (11) DATA 

t------t-- ._---.---+----+----+------.:-+----~ 

Manufacture Code ___ ~L_L __ 1 ____ ~ 0 1_~-1--+-_-0--+_-0-__1f__-0-__+--9-8-_I 
~vlce COd~ ______ L__.Y~ ___ l-. g~ __ ._~_--+-1 __ 0 __ -'-__ 1---1 __ 0_--1 __ 1_--+-__ 0_---1-__ 0 __ 1--_5_4_-1 
Notes. Ag = 12V±0. 5V 

OUTLINE DRAWINGS 

Z.54±O,Z 5 

Note 1 

1.3 ±UZ 5 

+0.15 
0.46-0.10 

Unit in mm 

15.Z4±0,3 

- -o'z5~~lg 

17.4MAX. 

Note Z 

Note: 1. Each lead pitch IS 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. ThiS value IS measured at the end of leads. 
3. All dimensions are in millimeters. 

Note Toshiba does not assume any responSibility for use of any CirCUitry descnbed . no ClfCUlt 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 MOSMEMDRYPRODUCTS 
PRELIMINARY 

jOESCRIPTIONI 

TMM27256BO-15, TMM27256BO-150 
TMM27256BO-20, IMM27256BO-200 

The THM27256BD is a 32,768 words x 8 bits ultraviolet light erasable and electrically 
programmable read only memory. 
For read operation, the T~frf27256BD's access time is lsOns/200ns, and the T~lli27256BD 
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 nfr127256BD is fabricated with the N-channel silicon double layer gate HOS 
technology. 

IFEATURESI 
• Full static operation 

-15 I -20 -150 1-200 
• High speed programming mode I, II 
• Inputs and outputs TTL compatible 

VCC 5V±s% sV±lO% • Pin compatible with i272s6 

tACC lsOns I 200ns lsOns I 200ns 
• Standard 28 pin DIP cerdip package 

ICC2 100mA 

ICCl 30mA 

I P IN CONNECTION I 
vpp Vee 
Al2 Al4 

A7 Al3 

A6 A8 
A5 A9 
A4 All 
A3 OE 
A2 AIO 

Al eE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

f'J !il 

AOrvA14 Address Inputs 

00 rv 07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp 
Program Supply 
Voltage 

VCC 
Power Supply 
Voltage (+sV) 

GHD Ground 

12 o rnA jBLOCK OIAGRAt1! 
3 SmA 

1~'100E SELECTIONj 

~ MODE 

Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

jProgram Verify 

*: H or L 

CE 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AIO 
All 
ll2 
A13 
Al4 

OE 
(20) (22) 

L L 
-;, H 

H ";~ 

L H 

H H 

* L 

1) : HIGH 
2 : HIGH 
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v'pp GND vee 00 01 0203 04 05 06 07 

ARRA.Y 

3 2768 x8 bit s 

Vpp VCC 00 rv 07 
(1) (28) (11 rv13, lsrv19) POHER 

Data Out Active 
5V 5V High Impedance 

High Impedance Standby 

1) 1) Data In 
l2.sv 6V 

2) 2) 
High Impedance Active 

l2.7sV 6.2sV Data Out 

SPEED PROGRAMMING MODE I 
SPEED PROGRAHMING MODE II 



'1I.,?256;1J8~t8,·.~.·tJ;M~1 '.:.·a··I;:Q:tt~· 
TI;1VI2212SI811~2D, ··.1IM2212'68:80-288· 

f·1AX I ti1Urfj RAT I NG S 
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 

READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

RATING UNIT 

-0.6'V7.0 V 

-0.6'V 14.0 V 

-0.6'V7.0 V 

-0.6'V7.0 V 

1.5 l-] 

260 • 10 °C·sec 

-65 'V 125 °c 

O'V 70 °c 

SY1'1BOL PARAMETER THH27256BD-15/20 TMM27256BD-150/200 

Ta Operating Temperature O'V 70°C 0'V70°C 

VCC VCC Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2.0'V VCC+0.6V 2 . 0 'V V C C+O . 6 V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION HIN. TYP. MAX. UNIT 

ILl Input Current VIN=O rlJ VCC - - ±10 lJA 

ILO Output Leakage Current VOUT=0.4 'V VCC - - ±10 lJA 
--

Supply Current (Standby) 
-15/20 - - 30 

ICCl CE=VIH 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 

VOH Output High Voltage IOH=-400)lA 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

IpPl Vpp Current Vpp=O'V VCc+0•6 - - ±10 )lA 
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TMM2725680-15,TMM2725880-150 
TMM2725680-20, TMM2725680-200 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM27256BD-15/150 TMM27256BD-20/200 

UNIT 
MIN. MAX. MIN. MAX. 

I t ACC Address Access Time - 150 - 200 ns 
I tCE CE to Output Valid - 150 - 200 ns 

I tOE OE to Output Valid - 70 - 70 ns 

! 
.~. 

tDFl CE to Output in High-Z 0 60 0 60 ns 
, 

tDF2 -I OE to Output in High-Z 0 60 0 60 ns 
I 

I tOE Output Data Hold Time 0 - 0 - ns 

A.C. TEST CONDITiONS 
• Output Load 1 TTL Gate and CL=100pF 

• Input Pulse ~ise and Fall Times IOns Max. 

• Input PuL;e Levels O.4SV"v 2.4V 

• Timing Measur2lIlent i~ef2rence Level: Inputs O.8V and 2.0V, Outputs 0.8V and 2.0V 

CAPACITANCE* (Ta=2SoC, f=lMHz) 

I SYHBOL I PAP-Al'1ETER 

I CrN I Input Capacitance 
~m-I Output Capa---c-i---l-a-nc-e------

TEST CONDITION ! HIN. TYP. MAX. 

\1IN=OV FI 4 6 

VOUT=OV 8 12 

1 UNIT 

I pF 
I 

I pF 

-'- This parameter is periodlc_al1y sampled and i3 not 100% tested. 

AO -A14 

i ~ Ace ;-----------------4 
,1'GH Z 
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PROGRAr-l OPERATION (HIGH SPEED PROGRAMMING HODE I) 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYHBOL PARAHETER 
VIR 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 PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O'V VCC - - ±10 
VOH Output High Voltage IOH=-4OOlJ A 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. PROGRA~1t{lING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 

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 - -
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 I 2.85 3.0 78.75 

tOE OE to Output Valid CE=VIH - - 150 

tDFP OE to Output in High-Z CE=V IR - - 130 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 

• Input Pulse Rise and Fall Time IOns Max. 

• Input Pulse Level sO. 45V 'V 2.4 V 

UNIT 

V 

V 

V 
V 

UNIT 

lJA 

Ii 
--

V 
--

rnA 
--

rnA 

UNIT 

lJ S 

lJS 

TIS 

TIS 

I lJs 

lJS 

lJS 
lJS 

lJ S 
-
I ros 
,--;;-

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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T.M272S880~l5, 1 •• Z·725'8D~150 
T •. M2125'BD~20, 1M;M2125680":200 

PROGRAt!l OPERATION (HIGH SPEED PROGRAMMING MODE ]I) 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VIH Input High Voltage 2.0 - VCC+l. 0 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 

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. 

ILl Input Current VIN=O'V VCC - - ±10 

VOH Output High Voltage IOH=-400lJA 2.4 - -
VOL Output Low Voltage IOL=2.1mA - - 0.4 

Iec Vce Supply Current - - - 120 
f----. 

IpP2 VPP Supply Current Vpp=13.0V - - 50 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6.25V±0.25V, Vpp=12.75V±0.25V) 

SYNBOL PARA.l\1ETER 

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 Program Pulse Width 

tOE OE to Output Valid 
t DFP OE to Output in High-Z 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TEST CONDITION MIN. 

- 2 

- 2 

- 0 

- 0 

- 2 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OE=VIH 0.095 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (lOOpF) 

IOns Max. 

0.45V'V 2.4V 

TYP. MAX. 

- -

- -
- -
- -
- -
- -
- -
- -
- -
0.1 0.105 

- 150 

- 130 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output O.8V and 2.0V 
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UNIT 

fJA 

V 

V 

rnA 

rnA 

UNIT 

lJS 

lJS 

ns 

ns 

fJS 

lJs 

lJS 

fJS 

jJS 

ms 

ns 

ns 



TIMING WAVEFOR~1S (PROGRAB) 

HIGH SPEED PROGRAM1'1ING BODE I (VCC=6V:tO.25V, Vpp=12.5V:tO.5V) 

HIGH SPEED PROGRAM1'1ING MODE II (VCC=6.25V:tO.25V, Vpp=12.75V±O.25V) 

AO~A14 >L PC 
~TAF J~ 

---------+'--·~I~I!i t Cffil

1 

'~CE~ 
I ~ III tVFI) 

---------+---I~I ------1~~~~1 ~~:-~-----

II tDS JL i tOE • ~ ______ ~' I 
DIN STABLE D01.'T YALID 

I 

OO~07 

Vpp 
A~.I 

I 
PROGRAM -+ 

---
PROGRAM VERIFY I 

~ 

Note 1. Vee must be applied simultaneously or before Vpp and cut otf 

simultaneously or after Vpp' 

2. Removing the device from socket and setting the device in socket 

with Vpp=12.SV±O.SV or Vp p=12.7SV±O.2SV may cause permanent damage 

to the de·vice. 

3. The Vpp s1JPply voltage is permitted up to 1!.iV [or progcaQ operation. 

So th2 voltage over 14V should not be applied to the Vpp terminal. 

h'f12;:) the s"ritching pulse vol tage is applied to the Vpp terminal, 

the overshoot voltage of its pulse should not be exceeded 14V. 
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TMM27256BD .. 15, TMM27Z5&BD-ISD 
TMM2725&BD-28, TMM27258BD-28D 

ERASURE CHARACTERISTICS 

The THH27256BD'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/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [wosec!cm2 ]. 

I\Then the Toshiba sterilizing lamp GL-lS 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 [ww!cm2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 []Jw! cm 2 ] x (20 x 60) [sec]:::. 15 [w· sec! cm 2 ] .) 

The TMM27~56BD's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000'\., 40001\ wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPROt1 Protect Seal AC90l-are available. 

OPERATION INFORMATION 

The T~fr1272S6BD's six operation modes are listed in the following table. 
Hode selection can be achieved by applying TTL level signal to all inputs. 

_________PIN NAHES (NUHBER) -
CE 

HODE --------______ (20) 

Read Operation 
Read L 

Output Deselect * (Ta=O'\., 70 D C) 
Standby H 

Program L 
Program Operation --

Program Inhibit H 
(Ta=25±5 D C) 

Program Verify " 

Note: H; VIR, L; VIL. *; VIH or VIL 

READ t·1ODE 

OE Vpp VCC OO'\., 07 

(22) (1) (28) (11"~13, IS'\., 19) 

L Data Out 

H SV SV High Impedance 

* High Impedance 

H l2.SV1) 6Vl ) Data In 
r----

H 
2) 

High Impedance 
-r---- 2) 

L 12.7SV 6.25V Data Out 

I); HIGH SPEED PROGR~lING HODE I 

2); HIGH SPEED PROG~MMING MODE IT 

POh'U: 

Active 

Standby 

Active 

The T~fr127256BD 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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OUTPUT DESELECT MODE 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TMM27256BD'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 ~,'1ODE 

The TMM27256BD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BD 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. 

Initially, when received by customers, all bits of the TMM27256BD 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 TMH27256BD is in the programming mode when the Vpp input is at 12.SV or l2.75V 

and CE is at TTL-Low level under OE=VIH. 

The TM}127256BD 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 pro­

grammed bits. 

The verify is accomplished with OE at VIL and CE at VIH or VIL' 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (l2.5V or l2.75V) is applied to Vpp 

terminal, a TTL high level CE input inhibits the TMM27256BD from being programmed. 

Programming of two or more TM}127256BD'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 PROGRAMMING MODE I 

TMM27256BO-l5, TMM27256BD-150 
TMM27256BO·20. TMM27256BO-200 

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 PROGRAMMING MODE IT 
The program time can be greatly decreased by using this high speed programming mod l' 

TI. This high speed programming mode n 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.lQS 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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HIGH SPEED PROGRAMMING MODE I FLOW CHART 

ADDRESS 

=NEXT AD:!)RESS 

, OVERPROGRAI\1 3X PULSES OF Imsec 

OR ONE PULSE OF 3X msec DURATJO~ 

NO 
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TMM2725680-15, 1MM27256BO-150 
TM,127256BO-20,1MM2725688-200 

HIGH SPEEC PROGRAMMING MODE IT FLOW CHART 

NG 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from T~~27256BD 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 TMM27256BD. 

~ 
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 a 0 98 

Device Code VIR a 1 0 1 a 1 a 0 54 

Notes: A9=12V±a.5V 

Al "v A8, Ala "v A14, CE, OE=VIL 
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TMM27256BO.;15, TMMZ7256BD~1IfJ 
1M,12125680.,20, TMM21258BO·200 

OUTLINE DRAWINGS 

Unit in mrn 

37.7MAX. 

I 28 15 

--:>fLr--- ---I----1,.----l------4-- * 
RIOO.O "<:' 

14 

x 
< 
;:;;:: I 1 5.24 ±O.3 

"\ 
N 
cD 

~ 1 +015 

I I.3±O.25 
t-

I 0.25 -0.10 

.I 
ci 2.54 ±0.2 5 
+i I N 

0.4 6"2::8j 8 17.4MAX. 
M Note 1 I 

Note 2 

Note 1. Each lead pitch is 2.54mrn. All leads are located within O.25mrn 

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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TaSHllAMOSMEMORY PROD.OGT.S 
32,768 WORDx8 BIT N-MOS UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION 

The TMM27256BDI is a 32,768 word x 8 bit ultra­
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27256BD I 's access time is 
150ns/200ns, and the TMM27256BD I operates from a 
single 5-volt power supply and has low power standby 
mode which reduces the power dissipation without 

FEATURES 

-r~c-;------~15 5V ± 5% -20 

~ tAc~---"j 150ns 200ns 

r-+~~~ --=-=I~-~_-__ ~ _____ =J 
PIN CONNECTION 

vpp vee 

A12 Al4. 

A7 .-\13 

:\.6 A8 

A5 A9 

.;4. All 

.-\3 OE 
A2 AI0 

Al CE 

AO 07 

00 06 

01 05 

02 04. 

D:iD 03 

TMM27256BDI-15, 
TMM27256BDI-20 

PRELIMINARY 

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 TMM 
27256BD I is fabricated with the N-channel silicon double 
layer gate MOS technology. 

• Wide operati ng temperature range -40 ~ 85° C 
• Full static operation 
• High speed programming mode I, II 
• I nputs and outputs TTL compatible 
• Pin compatible with i27256 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

OE 

cs 

AO 
Al 
A2 
A3 
A4. 
A5 
A6 
A7 
A8 
A9 

Ala 
All 
A12 
A13 
A14. 

Vpp GliD vee 0001020304.050607 

A "ri..-\'{ 

34768-<8bl ts 

PIN NAMES MODE SE LECTION 
I:------r----- -----------------, 
~_ AO_~":1...~+~~cJr~~ Inputs ___ ~ 
i- 00 ~ 07 I Outputs (Inputs) __ ~ 

l~__ __ (_~~~p Enab~e_~nput ~ 
i, 01" i Output Enable Input 
~------ ----------+--------------
I Vpp I Program Supply Voltage I 
r--;-------------1---------------------1 
I Vcc Power Supply Voltage ~' 
! i (+5V) 

~=Gii=_~j~~G~~~~---~_-_-~~_=~_=.J 

1~~~R!(~J+~~~i r 
I O"'P"' 0,,,1,,, • H SV I 5V 

00 ~ 07 

(11 ~ 13, 15~ 19) 

r Data Out 

I_ High Impedance 

1_~~~~~2:'..___ H I * 

~gram L I H 12_5V1l 6v 11 

~ ____ ~r?~ram Inhibit H I H 12.75V2116.25V21 

l __ Program Verify * I L ___ ~ __ _ 

I High Impedance 

Data In 

High Impedance 
-----
Data Out 

, H or L 1) HIGH SPEED PROGRAMMING MODE I 

21 HIGH SPEED PROGRAMMING MODE II 

--- 13··79 -

POWER 

--

Active 

Standby 

Active_J 
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TOSHIBA MOS MEMORY PRODUCTS 
TC57256AD-12 

I OESeR! PTI ONI 

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 120ns,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/8.3MHz and standby current 
to 10~A. For program operation, the programming is achieved by using the higQ 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 HOS technology. 

I FEATURESI 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 
Active: 30mA/8.3MHz 
Standby: 100lJA 

• Fast access time: 
TC57256AD·-J.2 120ns 

iPIN 

Al 
AO 

OC 
01 
02 

IPIN NAr.1Esl 
AO", A14 Address Inputs 
00"'07 Outputs (Input s) 

CE Chip Enable Input 

Vco 
A14-

AI::' 

A8 

,., , 
n..J..l. 

err. 
AI0 
~ 

07 

06 
05 

04-

03 

",.. Output Enable Input . ...J~ 

Program Supply ilpp 
Voltage 

Vec VCC Supply Voltage 
(+5V) 

GND Ground 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with ROM TC53257P, 

TMM23256P, TM1-127256AD and TC57256D 
• Standard 28 pin DIP cerdip package 

ISLOCK DIAGRM·1! 

AO 
A1 
1-.2 
A3 
A4-

vpp GND vce 

DECiJDE..q 

0001 02 03 04- 0506 0':' 

MEMJRY c.s:.:. 
.~_'R.RAY 

32,768x5Git:s 

Ir'lODE SELECTION/ 

\~NICEIOE Vpp lVCC 00", 07 
POHER 1 HODE (20) ,(22) (1) (28) (11 "v 13, 15'" 19) 

Read L L Data Out ! 

Output Deselect * H 5V 5V High Impedance Active I 
Standby H * High Impedance Standby] 
Program L H Data In 

Active I Program Inhibit H H 12.5V 6V High Impedance 
Program Verify * L- Data Out I 

'" H or L 
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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'\. VCC+O.S V 

Po Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260 • 10 °c ' sec 

TSTRG Storage Temperature -65'\. 125 °c 

TOPR Operating Temperature o "" 70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL I P ARA.'1E T E R MIN. TY~. I MAX. I UNrT 

VIH Input High Voltage 2.2 - i VCC+O.3 I 
VIL Input Low Voltage -0.3 I E,O.8· 1 

4.75 5.00 -I 5.25 I V 
Vee Ve~ Power Supply Voltage 

I Vpp Vpp Power Supply Voltage Vee-O•o I Vee I Vee+O.& I 
D.C. and OPERATING CHARACTERISTICS (Ta= 0 '\.70 o e, Vec=5V:: 57.) 

SYMBOL PARA11ETER TEST CONDITION MIN.' TYP. HAX. I UNIT 

~-I-L-l---+-In-P-u-t--e-u-r-re-n-t-----------~-V-I-N-=-O-V-"'-V-e-c------:~-----F_ ~--+l-O--.rl--w_A--1 
IeeOl C"r=OV If=s.JMH?;" - 30 I 

t-------I G?erat ing Current I I I t------ rnA 
Iee02 I IOUT=OmA / .. lMH?;I:--_-_II~_· +--_10_

1
:-__ 

IeeSl I I CZ=VrH I - I 1 I InA 
t----- Standby Cun:ent, ! I I 
r--_I_e_e_~2 __ t-I _______________ ~ 1-. _C_E_=_V_C_C-_O_._2_V ____ 'I - J __ -_ t-1_O_O_ j:-' _~_I 1\_ 

VOH loutput High Voltage I rOH=-400uA 'I' 2.4 I - - I V ' 
r--------"r--------------------l~------------ 1----- ~ 

~-V-O-L--+I-Ou-t-P-u-t-L-Ow--V-o-l-t-a-g-e ____ I I 01 =2 . lrnA i -- O.~ J V , 

IpPl I Vec Current! Vpp"'VCC': O.6V i - ,---- !:to ~ 
1-----+-----------+- i 1-- ~._}---
~_I_L_O __ ~_O_ut_p_u_t __ L_e_ak_a_g_e_C_u_r_re_n_. t_ ..L.1 __ 

VO_U_T_=_O_._4_V_""_V_c_C __ ...... __ -_ .~~ ~ 10. J ~ >\ J 
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A.C. CHARACTERISTICS (Ta= 0 ~ 70°C, VCC=5V±5%, Vpp=VCC±0.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDFl 
; 

CE to Output in High-Z 

tDF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TC57256AD-12 
TEST CONDITION 

MIN. MAX. 

CE=OE=VIL - 120 

OE=VIL - 120 

CE=VIL - 60 

OE=VIL 0 50 

CE=V1L 0 50 

CE=OE=VIL 0 -

1 TT~ Gate and CL =lOOpF 

IOns Max. 

0.45V"v 2.4V 

UNIT 

ns 

• Ti~ing ~easurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPAC I TtdlCE ,'; (Ta=25?C, f=HlHz) 

SY:·!BOL I PARAMETER TEST CO~1)ITION MIN. TYP. I :1AX. UNIT 
I 

CI~ ! Inp,ut Capacitance VIN=OV - 4 I 6 

COCT I Output Capacitance VOUT=OV 8 I 12 
pF -

~ This parameter is periodically sampled and is not 100% tested. 

TIrlING >!AVEFORt'lS 

I ~ 
I I I CDF2 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SY~BOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+ l .O 

Vn Input Low Voltage -0.3 - 0.8 
V 

Vce 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=2S:: 5°C, VCC=6V:: 0.2SV, Vpp=12.SV ~ O.SV) 

SY;'lBOL PARA.~ETER TESTCO~l)ITION ~lIN. TYP. :1A.X. 

ILl Input Current VIN=O'\, Vce - - :10 

VOH Output High Voltage IOH=-400LA 2.4 - -

VOL Output Low Voltage IOL=2.1mA - - 0.4 

ICC VCC Supply Current - - - 40 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

\'10 A9 Auto Select Voltage - 1l.5 12 .0 12.5 

A.C. PROGRAr~MING CHARACTERISTICS CTa=25: 5°C, VCC=6V:: 0.25V, Vpp=12.5V:: O.5\') 

SY:1S0L I PAR.-01ETER 

cAS Address Setup T ir71e 

tAH Address Hold Time 

tCES CE 'Setup Time 

tCEH CE Ho Id Time 

tOES OE Setup Time 

tDS Data Setup Time 

tDH Data Hold Time 

tvps Vpp Setup Time 

tveS Vce Setup Time 

t p~.J Initial Program Pulse t.Jidth 

tOPl'] Overprogram Pulse Width 

tOE OE to Out.put Valid 

tDrp OE to Output in High-Z 

A.C. TEST CONCI7IONS 
. Output Load 

Input ~ulse ~is~ and Fall Ti~es 
Input Pulse L2vels 

I TEST CONDITION :lIN. I TiP. I :L\ ... X. I 
- 2 - -

- I 2 - I -
, - 0 - -

- 0 - -

- 2 - -

- 2 - -
- 2 - -
- 2 I - -

2 
I - I - -

eE=vIL, OE=VIH 0.95 1 1.05 

Note 1 2.85 3 78.75 

CE=VIH - - 150 

eE=vIH - - 130 

1 TTL Gate and CL (lOOpF) 
lOns :lax. 
0.45Vo,2.4V 

~~;IT 

'JA 

V 

V 

rnA 

r.1A 

\' 

T"'·T'T' 
L._'..I.....l 

~s 

_5 

ns 

ns 

'..:s 

:..s 

'..:s 

'..:s 

'..:s 

rns 

ms 

ns 

ns 

Ti~i~; ~easure~~nt Reference Level Input O.SV and 2.217, Output O.SV and 2.0V 

~ote 1: [he l~~~th of the overprograr.1 pulse may vary as a function of the counter 
':a 1 ue \. 
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TC51256AD-12 

THlING t~AVEFORMS (PROGRAM) 

(Vee=6V±O.25V, Vpp=12.5V±O.5V) 

~---------------~ 
! 

t8EH I 
I 

I~I 

-t=±!=tD=s~-===1 ~I:DH ~I~-t-O-E----------------

~ 
. I tDEP 

-,f--+I---

JG --:;7 DIN S:'A3LE 

Xote 1. Vee must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 

with Vpp=l2.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V 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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IERASURE CHARACTERISTICsi 

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 (ultravioletl~ght 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 [1.H.J/cm2 ] x (20 x 60) [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 ~vill include 3000 'V 4000A 
~vavelength components. Therefore ~vhen used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available. 

IOPERATION INFORMATIONi 

The TC57256AD's six operation modes are listed in the follo~ng table. 
~fode selection can be achieved by applying TTL level signal to all inputs. 

~ER) CE OE \'PP VCC 00 '- 07 
:!ODE (2,0 ) (22) (1) (28) (11 "- 13. 15 "- 19 

Read I L L I I Data Out 
Kt:dC 0pcrdtLun 

I I Output Deselect A H 5V 5V High I::1pedance 
(Ta= 0 " 70: C) 

I I Standby H * High I~pedance 

Program L I H Data In 
Program Operation 

Program Inhibit H H 12.5V 6V High Impedance 
(Ta==25: 5°C) 

Verify Program A L Data Out 

IREAD rlODEi 

POI-.'ER 

I 
I .':"c t LV':: 
I 

I 

Standby 

Active 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 
The output enable (OE) 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 v~lid (tCE) is equal to the address access time (tAce). 
Ass,uming 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 DtSEL::CT >10DEI 

,\5SUE'~:1g t~at CE=\'U-: or OE=r[:1' the outputs will be in a high impedance state. 
So :'.·;0 "r ::Jore TC57256:\~'s c.:m be connected together on a C017L'1lOn bus line. 
~·:hen c::: is decoded tor device selection, all deselected devices are in low pm.Jer 
,-1:: ::l~ ':J:: :---:l}2e. 
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TC5125'AD~12 

ISTANDBY MODEl 
The TC57256AD has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC57256AD is placed in the standby 
mode which reduce the operating current to 100uA by applying MOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the ~ inputs. 

I PROGRAM MODE 1 

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 "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 MODEl 
The verify mode is to check that desired data is correctly progra~ed on the 
programmed bits. 
The verify is accomplished with OE at VIL' 

IpR""'''''l T''''TB TT HnnE I 
! U\.Jr\I'\" l11M! ! I "IVU ! 

Cnder the condition that the program voltage (+12.5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 
Programming of two or more TC57256AD's in parallel with different data is easily 
accomplished: 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. 

IHIGHSPEED PROGRAMMING MODEl 
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 Ims is applied and 
then the programmed data is verified. This should be repeated until the program 
opeTates 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. 
' .. Jhe!1 progra::1"ling has been completed, the data in all addresses should be verified 
\0,.' i t h V C C = \" p p = 5 V . 
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HIGH SPEED PROGRAM t10DE FLOW CHART 

ADD:1.ESS "" 

:iEXT ADDRESS 

OV~~?ROGRAM 3X PULSES OF lmsec 

OR ONE PULSE OF 3X msec DURATION 

~O 
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TC57258AD-12 

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 12V is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data output in this 

conditions is manufacturer code. Device code is identified when address AO is set 

to VIH . These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows e1ectirc signature of TC57256AD. 

~ AO 07 06 05 04 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

~!anufacture Code VIL 1 a a 1 1 a a a 98 

Device Code VIH 1 1 a a 0 1 0 0 C4 

~otes: A9=12V±O.SV 

Al'\..t\8, AlO'\..Ai4, CE, OE=VIL 
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OUTLIr~E DRAWINGS 

:3 '7.'7 MAX. 

8. 9 TYP. 

28 27 26 ~ 24 

>< 
~~~--- ---r-~---+---- ----~- ~ 

1 2 :3 ~ 5 e '7 a 9 W ll~ ~ U 

2.54.±025 1..3±0.2 ~ 

+0.15 
0.4.6 - 0.10 

Note 1 

10 
10 • f"i 

Unit in mm 

I~ 15.2HO.3 

1 +015 

I 

025 -0.1 0 

. 17.4.I.tAX. 

\ 
I 

tlote 2 

Note 1. Each lead pitch is2.54mm. All l~ads are located ~~thin O.25mm 

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. 

- G-90 -



TOSHIBA MOS MEMORY PRODUCTS 
32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY 
MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TC57256AD is a 32,768 word x 8 bit CMOS 
ultraviolet light erasable and electrically prbgrammable 
read only memory. For read operation, the TC 
57256AD's access time is 150ns, and the TC57256AO 
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 

FEATURES 

• Peripher-al circuit: CMOS 
Memory cell N-MOS 

• Low power dissipation 
30mA/6. 7MHZ (atclve) 
100f.lA (standby) 

• Fast access time TC57256AO-15 150ns 
TC57256AO-20 200ns 

PIN CONNECTION (TOP VIEW) 

TC57256AD-15 
TC57256AD-20 

level signal to the CE input. Advanced CMOS techn­
nology reduces the maximum active current to 30 

mA/6. 7MHz and standby current to 100J1A 
For program operation, the programming is achieved 

by using the high speed programming mode. 
TC57256AO is fabricated with the CMOS technology 

and the N-channel silicon double layer gate MaS 

technology. 

• Single 5V power supply 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TT L compatible 
• Pin compatible with ROM TC53257P and 

TMM23266P EPROM i27256 

• Standard 28 pin DIP cerdip Package 

BLOCK DIAGRAM 

PIN NAMES MODE SELECTION 

~_o~~ ~_Address Inputs I 0 0 ~07 Outputs (Inputs) 
--

," 

~ CE OE vpp vee 0 0 ~07 

MODE (20) (22) (1) (28) (11-13, 15~19) 
POWER 

CE Chip Enable Input 
--

Read L L 5V Data Out 
Active 

OE Output Enable Input Output Deselect * H 5V 5V High Impedance 

Vpp 
Program Supply 

Voltage 
Standby H * 5V High Impedance Standby 

Program L H Data In 

Vee 
Power Supply Voltage 

(+5V) 
Program Inhibit H H 12.5V 6V High Impedance Active 

GND Ground 
Program Verify * L Data Out 

* . H or L 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

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 °c • sec 

TSTRG Storage Temperature -65'" 125 °c 

TOPR Operating Temperature -40'" 85 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - VCC+0.3 

VIL Input Low Voltage -0.3 - 0.8 . 
V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 

Vpp VPP Power Supply Voltage VCC-0.6 Vce Vce+0 . 6 

D. C. and OPERATING CHARACTERISTICS (Ta=-40'" 85°C, VCc=5V ± 57.) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIW=OV",Vcc - - ±10 )JA 

ICCOl cr=OV f=6.7MHz - - 30 

ICC02 
Operating Current 

IOUT=OmA f=lMHz 
rnA 

- - 10 

ICCSl CE=VIH - - 1 rnA 
Standby Current 

CE=VCc-0. 2V ICCS2 - -, 100 )JA 

VOR Output High Voltage IOn==-400)JA 2.4 - - V 

VOL Output Low Voltage IOL =2. lrnA - - 0.4 V 

IpPI VCC Current Vpp=VCC ± 0.6V - - ±10 )JA 

ILO Output Leakage Current Vour=O. 4V '" VCC - - ±lO )JA 
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A.C. CHARACTERISTICS (Ta=-40 rv 85°C, VCC=5V±5%, Vpp=Vcc±0.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 

teE 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 

A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

· Input Pulse Levels 

TC57256AD-15 
TEST CONDITION 

MIN. MAX. 

CE=OE=VIL - 150 

OE=VIL - 150 

CE=VIL - 70 

OE=VIL 0 60 

CE=VIL 0 60 

CE=OE=VIL 0 -

1 TTL Gate and CL=lOOpF 

IOns Max. 

0.4SVrv2.4V 

TC57256AD~15 
TC57256AD-20 

TC57256AD-20 

MIN. MAX. 
UNIT 

- 200 

- 200 

- 70 
ns 

0 60 

0 60 

0 -

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE ~c(Ta=25°C, f=lMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 

COUT Output Capacitance VOUT=OV 8 12 
pF 

-
.. I .. This parameter is periodically sampled and is not 100% tested. 

TINING vJAVEFORMS (READ) 

HIGH Z 
OO~07 
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PROGRAM.· OPERA t 10~ 

D.C. RECOMMENDED OPERAtING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIR Input High Voltage 2.2 - Vee+l . O 

Vn Input Low Voltage -0.3 - 0.8 
V 

Vee Vec 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. 

ILl Input Current VIN=O"v VCC - - ±1O 

VOH Output High Voltage IOH=-400~A 2.4 - -

VOL Output Low Voltage IOL=2.lmA - - 0.4 

ICC VCC Supply Current - - - 40 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

Vln A9 Auto Select Voltage - 11.5 12.0 12.5 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25± 5°C, VCC=6V± 0.25V, Vpp=12.SV± 0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tns 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, OE=VIH 0.95 

Note 1 2.85 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (lOOpF) 
lOns Max. 
O. 45V ,\, 2. 4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -

1 1.05 

3 78.75 

- 150 

- 130 

UNIT 

~A 

V 

V 

rnA 

rnA 

V 

UNIT 

~s 

).JS 

ns 
.. -

ns 

~s 

~s 

~s 

)JS 

)JS 
--

ms 

ms 

ns 

ns 

· Timing Measurement Reference Level Input O.BV and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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Tun NG HAV EFORMS e PROGRAM) 

eVee=6y±O.25V, Vpp=12.5V±O.5V) 

)< K= 
tAS I--- tAH - tpw 

\ tom / tCEH I x x xJXY>9-~ 
F-----< I 

tOES 

~ 
tDEP 

"\ 
I 

tDS tDH tOE 

00-07 1" DIN STABLE r\ J DOUT VALID r\ 
'.t \ / 

Vnn -r ~"'-"'T""""""" ! I I 
~ ~ v rv I 

I [ i 

VCC ~. tves '~.~P~R~0~G~~~4~M~ ______ ~ ______ ~P~R~0~G~RA~_=M~V=ER==I~FY~ ______ ~.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 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. 

Hhen 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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tC',7158;A~l5 
TC57258:AD-20 

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-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 [flw/cm2] x (20 x 60) [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 
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 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 'V07 
MODE (20 ) (22 ) (1) (28) (1l'V13, 15 'V 19 

Read L L Data Out 
Read Operation 

Output 
(Ta=-40'V 85°C) 

Deselect ;'\ H 5V 5V High Impedance 

Standby H ·k High Impedance 

Program L H Data In 
Program Operation 

Program Inhibit H H 12.5V 6V High Impedance 
(Ta=25 ± SOC) 

Verify Program * L Data Out 

Note: H; VIH' L; VIL , *; VIH or VIL 

READ MODE 

POWER 

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 OE. 

OUTPUT DESELECT MODE 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 
So two or 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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STANDBY MODE 

TC57256AD-15 
TC57256AD-20 

The TC57256AD has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC57256AD is placed in the standby 
mode which reduce the operating current to 100wA by applying MOS-high level (VCC) 
and then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 
Ini t ially, when received by customers, all bit s of the TC57256AD are in the "I" 
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 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. 

PROGRAM VERIFY MODE 
The verify mode is to check that desired data 1S correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at VIL" 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 
Programming of two or more TC57256AD's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 
The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the 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 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. 
IJhen programming has been completed, the data in all addresses should be verified 
with VCC=Vpp=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

I ADDRESS­
NEX,T ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF Iffisec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

TC57256'AD"15 
TC51256AD-20 

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 

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 I 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Hanufacture Code \'IL 1 ~_O 1 1 0 0 0 98 

Device Code VIH 1 1 I 0 0 O~l 0 
I 

0 C4 

Notes: A9=12V±O.SV 

Al "v AS, AIO "v A14, CE, OE=VIL 
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OUTLIUE DRAWINGS 

:37.7MAX. 

8.9TYP. 

28 27 26 25 24. 

>< 
-----i- ~ 

10 
10 
.,,; 
r-i 

1 2 :3 ~ 5 678 9 ro II U ~ U 

+0.15 
0.46- 0.10 

Note 1 

Unit in mm 

1 
15.24±0.3 

\ +0.15 

I 

0.2 5-0.10 

I 
17.4t.1AX. 

Note 2 

Note 1. Each lead pitch is 2.S4mrn. All l~ads are located \nthin O.2Smm 

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 
65,536 WORD X 8 BIT N-MOS UV ERASABLE AND El­
ECTRICAll Y PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 

TMM27512D-20,TMM27512D-200 
TMM27512D-25,TMM27512D-250 

DESCRIPTION 

The TMM27512Dis a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read memory. 

reduces power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level 
signal to the CE input. For program operation, the pro­
gramming is achieved by using the high speed prgramming 
mode. The TMM27512D is fabricated with N-channel 
silicon double layer gate MOS technology. 

For read operation, the TMM27512D's access time is 
200ns/250ns. The TMM27512D operates from a single 5-
volt power supply and has a low power standby mode which 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with 127512 
• Standard 28 pin DIP cerdlp package 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 
Vpp GND Vee 00 01 02 0304 05 06 U7 

A15 Vcc 
A12 A14 

A7 A13 
A6 A8 

AO 
A5 A9 Al 
A4 All A2 
A3 oI!VVpp A3 

A4 
A2 AIO A5 
Al CE A6 

AO 07 
A7 
A8 

00 06 A9 
01 05 AIO 

All 
02 04 A12 

GND 03 A13 
A14 
A15 

MODE SELECTION 

PIN NAMES 1"-- I I OEI ! I 
I ~ PINI CE Vpp Vee I 0 0 -0 7 POWER 

MODE ~'-,,-_ I (20) (22) 
(28) (11-13,15-19) 

'::-

Read L L Data Out 

Address Inputs 

Outputs (Inputs) 

5V I 
Active 

Output Deselect * H High Impedance 

I Standby H * High Impedance Standby 

I Program L Vpp I Data In 

I Program Inhibit H VPPi 6V High Impedance Active J 
Program Verify ~~ ~_L~ta Out ________ L ___ 

Chip Enable Input 

I OE/Vpp I Outpyuprogram 
I Enable Supply 

I +nput Volt_a_g_e ____ ---I 

~ I Power Supply Voltage (+ 5V) 

I GND I Ground 
L----: I * H or L 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING I 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 VoltClge -0.6-7.0 V 

PD ~er. Dissipation 1.5 W 

T SOLDER I Soldering Temperature' Time 260·10 °C'sec 

PSTG j Storage Temperature -65-125 'C 

TOPR Operating Temperature 0-70 °C 

READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM27512D-20/25 TMM27512D-200/250 

Ta Operating Tamperature 0-70°C 0-70°C 
1--- --

Vee Vee Power Supply Voltage 5V±5% 5V±10% 
-----

D. C. AND OPERATING CHARACTERISTICS 

[§BOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 
--f--

III Input Current VII~=O-Vee - - ±10 pA 

!Lo Output Leakage Current VouT=0.4·-Vee - - ±10 pA 

- --20/25 - - 35 
ice 1 Supply Current (Standby) CE=VIH mA 

-200/250 - - 40 
I---

- -20/25 - - 120 
lce2 Supply Current (Active) CE=VIL mA 

-20/250 - - 130 

VIH Input High Voltage -- 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage IOH= -400pA 2.4 - - V 

VOL Output Low Voltage ~OL=2.1mA - - 0.4 V 
--------

IpPl Vpp Current ~pp=0-Vee+0.6 -
I 

±10 pA 
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A. C; CHARACTERISTIC~ 

1,..151,,21:2"; TII1I275.12'~~2.8.:\ 
t"_.7,&~tll~25,···' •• 27ilal~2_' . 

i TMM27512D-20/200 
r 

l TMM27512D-25/250 
SYMBOL PARAMETER UNIT I i 

I 
MIN. MAX. i MIN. MAX. I 

tACC Address Access Time I - 200 - 250 ns 
~. 

tCE CE to Output Valid -- 200 - 250 ns 

tOE OE to Output Valid -- 70 
I 

-
I 100 -+ ns _ ... _-_._-

tOFl CE to Output In Hlgh-Z ; 0 I 60 I 0 

, tOF2 I OE to Output In Hlgh-Z 
--~- ---

I-go I-~ 
I 

~. I 

~_~utPut Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TIL Gate and CL = 100pF 
10ns Max. 

0.45V to 2.4V 

90 

• Timing Measurement Reference Level Inputs 0.8V and 20V, Outputs 0.8V and 2 OV 

CAPACITANCE * (Ta=25'C, f= 1 MHz) 

~r\~B~ PARAMETER 1--------TEST ~ONEITION 
: C'Nl I Input Capacitance ! V'N=OV i------+-=---- . ----- ! 

; C'N2 I OE/Vpp Input Capacitance I V'N=OV 
r---------,---.-----.----------,--

L COUT ~ Output Capacitance _V_o_uT_=_O_V ____ _ 

___ i.i--MI~_I Typ'I~AXT_UNIT I 

I -E' 6 pF I 
! I I~ -+-= 50 ~O; pF I 

:- ! 8 i 1 2 I pF ~ 
* This paramater is periodically sampled and IS not 100% tested. 

TIMING WAVEFORMS (READ) 

00 - 07 
HIGH Z 
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PROGRAM OPERATION 

O. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 V 

Vpp Vpp Power Supply Voltage I 12.0 12.5 --L-.- 13.0 
I 

V 
I 

D. C. and OPERATING CHARACTERISTICS (Ta=25-t5'c' Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX.! UNIT 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.iA 2.4 - -

VOL Outpu Low Voltage IOL=2.1mA - - 0.4 

lee Vee Supply Current - - - 130 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

VIO A9 Auto Select Voltage - 11.5 12.0 12.5 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold Time 

tPRT OE/Vpp Pulse Rise Time 

tos Data Setup Ti me 

tOH Data Hold Time 

tVR OE/Vpp Recovery Time 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov Data Valid from CE 

tOF CE to Output in Hlgh-Z 

A.C. TEST CONDITION,S 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

TeST CONDITION 

-

-

-

-

-

-

-

-

-I 

CE=VIL. OE/Vpp=Vpp 

Note 1 

OE/VPP=VIL 

OE/VPP=VIL 

1 TIL Gate and CL (1 OOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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MIN. TYP. MAX. 

2 - -

2 - -

2 - -

2 - -

50 - -

2 - -

2 - -

2 - -

2 - -

0.95 1 1.05 

2.85 3 78.75 

- - 1 

- - 130 

J.iA 

V 

V 

mA 

mA 

V 

UNIT 

J.is 

J.is 

J.is 

J.is 

I J.is 

J.is 

J.is 

J.is 

J.is 

ms 

ms 

J.is 

ns 



TMM2,15120-20, T11275120-200 
T.1275l20-25, T.1275120-250 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO -A15 X' >C 
~ tpw 

r----- I tVR tAR 

'" ~ V / 
tpRT tOES ~ 

OE/Vpp V \ 
I tDS tDR tDV tDF 
I I--

00 -07 ~ DIN STABLE ~ J 
DOUT VALID ~ 

It \ V 

tves 
Vee I PR::)GRAM PROGRAM VERIFY 

-

Note: (1) Vee must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 
(2) Removing the device from the socket and setting the device in the socket with Vpp=12.5V may cause permanent 

damage to the device. 
(3) The Vpp supply voltage is permitted up to 14V for program operation; Voltages over 14V should be 

applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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ERASURE CHARACTERISTICS 
The TMM27512D's erasure is achieved by applying 

shortwave ultraviolet light with a wavelength of 2537 A 
(Angstroms) through the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm2) X 
exposure time [sec.]) for erasure should be a minimum of 
15 [w' sec/cm2). 

When the Toshiba GL-15 sterilizing lamp is used and the 
device is exposed at a distance of 1cm from the lamp 
surface, erasure will be achieved within 60 minutes. 

'U sing a commercial lamp with an ultraviolet light inten-

OPERATION INFORMATION 

The TMM275120's SIX operation modes are list­
ed in the following table. 

""- , 

PIN NAMES(NUMBER) I CE 
MODE +(20) 

Read I L 
Read Operation 

Output Deselect * (Ta=0-70°C) 
H Standby r- Program L 

I 

Program Operation 

! 

Program Inhibit H 
(Ta=25±5'C) 

Program Verify L 
.....L. 

Note: H; VIH, L; VIL, • . VIH or VIL 

READ MODE 

The TMM27512D has two control functions. The chip 
enable (CE) controls the operation power and should be 
used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=VIL, the output data is valid at 
the outputs after address access time from stabilizing of all 

OUTPUT DESELECT MODE 

With CE=Vrn: or OE=Vrn:, outputs will be in a high 
impedance state, so two or more TMM27512D's can be 

I 

I 

sity of 12000 lllw/cm2) reduces the exposure time to about 
20 minutes. (In this case, the integrated dose is 12000 
lJ.tw/cm2) X (10X60) [sec) ~ 15 [w' sec/cm2] .) 

The TMM27512D's erasure begins to occur when ex­
posed to light with wavelengths shorter than 4000A. Sun­
light and flourescent lamps both include 3000-4000A 
wavelength components. Therefore when used under such 
lighting for extended periods of time, opaque seals-Toshiba 
EPROM Protect Seal AC901-are available 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 

OE/Vpp Vee 

J 
0 0 -0 7 

--:--~ 

: 

(22) (28) (11-13,15-19) 
I 

POWE 

L Data Out Active l j 
,~ 

l I 
--_ .. ,-1 

H 5V High Impedance Active 

* 
I I High Impedance 

Vpp 
I 

Data in 
i 

Standby 

I Active 
------4 

i 

I 
j 

Vpp 6V I High Impedance +- Actlv~ 
L 

I 
Data Out I ,Active 

~~-j 

J 

addressess. 
The CE to output valid (tCE) is equal to the address 

access time (tACc). 
Assuming that CE=VIL, and all addresses are valid, the 

output data is valid at the outputs after tOE from the falling 
edge of OE. 

connected together on a common bus line. 
When CE is decoded for device selection, all deselected 

devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512D 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27512D are in the "I" state which is the erased state. 
The programming operation introduces "Os" data into the 
desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode verifies that desired data is correctly 
programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is 
applied to Vpp terminal, a TIL high level CE input inhibits 
the TMM27512D from being programmed. 

Programming of two or more TMM27512D's in parallel 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this 
high speed programming mode. 

This high speed programming mode is performed at 
V CC=6.0V and OE/Vpp=12.5V 

The programming is achieved by applying a single TIL 
low level Ims pulse to the CE input after addresses and 
data are stable. The programmed data is then verified by 
using the Program Verify Mode. 

If the programmed data is not correct, another program 

is placed in the standby mode which reduces 70% of the 
operating current. The outputs are in a high impedance 
state, independent of the OE inputs. 

The TMM27512D is in the programming mode when the 
OElVpp input is at 12.5V and CE is at TTL-Low level 

The TMM27512D can be programmed at any location, 
anytime, either individually, sequentially or at random. 

The verify is accomplished with OElVpp at VIL and at 
CE at VIL. 

with different data is easily accomplished: all inputs except 
for CE are commonly connected, a TIL Low level program 
pulse is applied to the CE of the desired device only, and 
TIL high level signals are applied to the other devices. 

pulse of Ims is applied and the programmed data is 
reverified. This should be repeated until the programmed 
data is correct. (max. 25 times) 

After correctly programming the selected address, an 
additional program pulse with width 3 times that needed for 
initial programming is applied. 

When programming has been completed, the data in all 
addresses should be verified with V CC=5V. 
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C'_.l?~1~JI;~8'{'.~\l~.~' 
"J.,%' ~j\I~I*'1.J~~_li2.2.8' 

HIGHSPEEPPR()GRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X IDSec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TMM27512D which identifies its manufacture and device 

type. 
The programming equipment may be used to read out the 

manufacturer code and device code from the TMM27512D 
by using, this mode before program operation and automa­
tically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 

TII1I275120 .. 20, T1I1I275128"200 
TII1I275120-25, T1l1t27512D~250 

address line A9 and the rest of address lines are set to VIL 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to VIR. These two codes possess an odd parity 
with the parity bit of MSB (07). 

The following table shows electric signature of the 

TMM27512D. 

i~ PINS i Ao I 0 7 06YJ05 I O. ~! 03 II O2 I 

I Manufacture Code I VIL i 1 0 0 1 I 1 ! 0_ 
,sruNATURE~_(~--l--i'-~---"81 (1_71_'_~ (151 (131 i 0 1 

I O~, I ~~:. I 
(12) ._(l~I~A 

o~l 0 98-1 
I Device Code I VIH I 0 0 T 0 1 I 0 I 1 

Notes: A9= 12V±O.5V ' 
o 1 1~ 

A1-A8, A10-A15,CE, OE=VIL 
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OUTLINE DRAWINGS 

Unit in mm 

37.7 MAX. 

15 

RO.64 

1 14 

:>< 
~ 
N 

15.24:t 0.3 
u:i 

+0.15 
0.25 - 0.10 

~ r-- 2.54:t 0.25 1.3± 0.25 
ci 
fj Note 1 

17.4MAX. 
N +0.15 Note r::i 2 

0.46 - 0.10 

Note: 1. Each lead pitch IS 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 

respect No.1 and No. 28 leads. 
2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

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

C May, 1986 Toshiba Corporation 
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65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL­
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 

11\111\112751201-20 
TMM2751201-25 

DESCRIPTION 

The TMM27512DI is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. 

For read operation, the TMM27512DI's access time is 
200ns/250ns. The TMM27512DI operates from a single 5-
volt power supply and has a low power standby mode which 
reduces power dissipation without increasing access time. 

FEATURES 

-15 I -20 

Vcc 5V±5% 

tACC 150ns I 200ns 

Icc2 120mA 

ICCl 35mA 

PIN CONNECTION (TOP VIEW) 

A15 Vcc 
A12 A14 

A7 A13 
A6 A8 
A5 A9 

A4 All 
A3 OE;/Vpp 
A2 AIO 
Al CE 
AO 07 
00 06 
01 05 
02 04 

GND 03 

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 prgramming mode. TMM27512DI is 
fabricated with N-channel silicon double layer gate MOS 
technology. 

• Wide operating temparature range -40-85°C 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TIL compatible 
• Pin compatible with i27512 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 
Vpp GND Vee 00 01 02 0304 05 06 07 

CE 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 ARRAY 
A~ 

AIO 65,536 X 80i ts 
All 
A12 
A13 
A14 
A15 

MODE SELECTION 

PIN NAMES 

Ao-A,s Address Inputs 
~PIN - OEI 

0 0 -07 I I CE 
Vpp Vce 

MODE ~ (20) (28) (11-13, 15-19) I POWER. 
(22) 

0 0 -07 Outputs (Inputs) 

CE Chip Enable Input 

OE/Vpp Output /Program 

Enable /1 Supply 

Input Voltage I 
f---

Vec Power Supply Voltage (+ 5V) 

GND Ground 
i 

Read L L Data Out 

f-iutput Deselect 
Active 

* H 5V High Impedance 
f---.----

Standby H * High impedance Standby 

I 

---~ 
Program L Vpp Data In I Active I Program Inhibit H Vpp 6V High Impedance 

Program Verify L L Data Out I 

* H or L 
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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 

Vila Input/Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 
--

TsoLoER Soldering Temperature· Time 260·10 

=±j PSTG Storage Temperature -65-125 'C 

TOPR Operati ng T emperatu re -40-85 'C 

READ OPERAT.ION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM27512DI-20/25 

Ta Operating Temperature -40-85'C 

Vee Vee Power Supply Voltage 5V±5% 

D. C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J.iA 

ILO Output Leakage Current VouT=0.4-Vee - - ±10 J.iA 

leel Supply Current (Standby) CE=VIH - - 40 mA 

lec2 Supply Current (Active) CE=VIL - - 130 mA 

VIH Input High Voltage - 2.2 - Vce+ 1.0 V 

VIL Input Low Voltage - -0.3 - 0.8 V 

VOH Output High Voltage 10H= -400J.iA 2.4 - - V 

VOL Output Low Voltage 10[=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vce+0.6 - - ±1O J.iA 
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A. C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM27512DI-20 

TMM27512DI-20 
TMM27512DI-25-

200 I - i 250 : ns I 

1--_---+-~------------:~-~---=--=-~:==20=0==+_l------~50 II ns I 

I - 70 - i 100 ns 

tACC Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

I tOFl CE to Output In High-Z o 60 0 I 90 ! ns 
~----r=~--------------------------4-----0----4-----60------r----0- ! 90 I ns 

~-----r--------------------------------4-----0----4-----------~1 ----o------i-----------rl--n-s~ 
tOF2 OE to Output In High-Z 

~ ______ ~ ________________________________ ~ ________ ~ _______ __L_ ______ ~I _________ ~~ tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

CAPACITANCE * (Ta=25"C, f= 1 MHz) 

SYMBOL PARAMETER 

CINl Input Capacitance 

CIN2 OE/Vpp Input Capacitance 

COUT Output Capacitance 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.45V to 2.4V 
Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

I fEST CONDITION •... ~ i lYPjMA I VIN=OV ~I 4 I 6 
1 VIN=OV - I 50 , 6 

I I 

xTUNITl 
er--PF[ 
o I pF ~ 
2Tp Fl j VOUT=OV i -- I 8 I 1 

I I I ___ L ___ ----! 

* This para mater is periodically sampled and IS not 100% tested. 

TIMING WAVEFORMS (READ) 

OO~ 07 HIGH Z 
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PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.2 - Vee+ 1.0 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 
~. 

VOH Output High Voltage IOH= -400J.lA 2.4 - -

VOL Outpu Lo~ Voltage IOL=2. 1 rnA - - 0.4 

Ice Vee Supply Current - - - 130 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 

VIO A9 Auto Select Voltage - 11.5 12.0 12.5 ,--. 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5'C, Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tOES OE/Vpp Setup Time 

tOEH OE/Vpp Hold Time 

tPRT OE/Vpp Pulse Rise Time 

tos Data Setup Time 

tOH Data Hold Time 

tVR OE/Vpp Recovery Time 

tves Vee Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov Data Valid from CE 

tOF CE to Output in High-Z 

A.C.TEST· cONtnTI()NS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

--r--' 
TEST CONDITION 

-

-

-

-

-

-

-

-

-

CE=VIL, OE/Vpp=Vpp 

Note 1 

OE/VpP=VIL 

OE/VpP=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45V to 2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 

MIN. 

2 

2 

2 

2 

50 

2 

2 

2 

2 

0.95 

2.85 

-

--

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X. 
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TYP. MAX. 

- -

- -

_.- -

- -

- -

- -

- -

- -

- -

1 1.05 

3 78.75 

- 1 

- 130 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

J.ls 

J.lS 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

J.lS 

ns 



TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO -A15 x 
~ I ;pw. 

1\ 
~ V 

tpRT tOES 
~ 

OE/Vpp V \ 
tDS tDH 

00 - 0"/ ) DIN STABLE ~ 
'\ IE 

tves 
Vee , 

PROGRAM 

I tVR 

-

/ 

tDV 

1M12151201-20 
TMM21512DI .. 25 

~K= 
tAH 

tDF -
) 

DOUT VALID 
~I\. 

\ V 

PROGRAM VERIFY 
~ 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp= 1 2. 5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V should be 
aplied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14 V. 
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The TMM27512DI's erasure is achieved by ap­
plying shortwave 0 ultraviolet light which has a 
wavelegth of 2537 A (Angstroms) to the Chip through 
the transparent window. Then integrated dose 
(ultraviolet light intensity [VV /cm2] x exposure time 
[sec.] ) for erasure should be a minimum of 15 
[w'sec/cm2] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERATION INr=ORMATION 
The TMM27512DI's six operation modes are 

listed in the following table. 

_______________ PIN NAMES(NUMBER) CE 
MODE ------_____ (20) 

Read L 
Read Operation 

Output Deselect * (Ta= -40-85'C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5°C) 

Program Verify L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

The TMM27512DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) cont(ol the output buffers, 
independent of device selection. 

Assuming that CE=OE=VIL, the output data is 
valid at the outputs after address access time from 

OUTPUT 'DESELECT MODE 
Assuming that CE=VIH or OE=VIH, the outputs 

will be in a high impedance state. 
So two or more TMM27512DI's can be con-

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 [,uw/cm2] 
x(10x60) [sec] ~15 [w'sec/cm2] .) 

The TMM27512DI's erasure begins to occur 
when j:lxposed to light with wavelength shorter than 
4000A. The sunlight aond the flourescent lamps will 
include 3000-4000A wevelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 

Mode selection can be achieved by applying TIL 
level signal to all inputs. 

OE/V pp Vee 0 0 -0 7 POWER 
I 

(22) (28) (11-13,15-19) 

L Data Out Active 
--

H 5V High Impedance Active 
--

* High Impedance Standby 
--

Vpp Data In Active 

Vpp 6V High Impedance Active 
-----

L Data Out Active 
-

stabilizing of all addresses. 
The CE to output valid (tCE) is equal to address 

access time (tACC). 
Assuming that CE=VIL and all addresses are 

valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

nected together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512DI has a low power standby 
mode controlled by the CE signal. 

By applying a high level to the CE input, the 
TMM27512DI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27512DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27512DI from being pro­
grammed. 

Programming of two or more TMM27512DI's is 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

This high speed programing mode is performed at 
Vee=6.0Vand OE jVpp=12.5V 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres­
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

TMM2751201-20 
TMM2751201-25 

reduce 70% of the operating current by applying TTL­
high level (Vee) and then the outputs are in a high 
impedance state, independent of the OE inputs. 

The TMM27512DI is in the programming mode 
when the OEjVpp input is at 12. 5V and CE is at TTL­
Low level. 

The TMM27512DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 

The verify is accomplished with OEjVpp at VIL and 
CE at VIL. 

parallel with different data is easily accomplished. 
That is, all inputs except for CE may be commonly 
connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 

program pulse of 1 ms is applied and then the pro­
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 3 
times that needed for initial programming is applied. 

When programming has been completd, the data 
in all addresses should be verified with Vee= 5V. 
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H'GH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 

oR" ONE PULSE OF ~~ msec DURATION 

NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM27512DI which identifies its manufacturer 
and device type. 

The programmmg equipment may read out man­
ufacturer code and device code from TMM27512DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor­
ithm. 

Electric Signature mode IS set up when 12V IS 

Ao 0 7 0 6 0 5 -~INS 
SIGNATURE __ (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 0 0 0 

Notes: A9=12V±0.5V 
A1-A8, AlO-A15,CE, OE==VIL 

TMM27512DI-20 
TMM27512DI-25 

applied to address line A9 and the rest of address 
Imes 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 panty with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM27512DI. 

O. 0 3 O2 0 1 0 0 HEX. 
(16) (15) (13) (12) (11) DATA 

1 OJ 0 0 0 98 

1 0 1 0 1 15 
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'N:" '.' ,5.12;Pl~20 
lMM215:J2'D·I~·25, 

OUTLINE DRAWINGS 

RO.64 

1 

>< 
~ 
N 
u) 

37.7 MAX. 

8.9 TYP. 

2.54± 0.25 

Note 1 

1.3± 0.25 

+0.15 
0.46 - 0.10 

15 

14 

Unit in mm 

15.24 ± 0.3 

+0.15 
0.25- 0.10 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 

respect No.1 and No. 28 leads. 
2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 

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

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

I 

65,536 WORDx8 BIT N-MOS UV ERASABLE 
AND ELECTRICALLY PROGRAMMABLE 

TMM27512AD-17 
READ ONLY MEMORY 

TMM27512AD-20, TMM27512AD-200 
TMM27512AD-25, TMM27512AD-250 

DESCRIPTION 

The TMM27512AD is a 65,536 word x 8 bit ultra­
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27512AD's access time is 
170ns/200ns/250ns, and the TMM27512AD operates 
from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation 

FEATURES 

-17 I -20 I 
Vcc 5V ± 5% 

tACC 170ns I 200ns I 
ICC2 120mA 

ICCl 35mA 

PIN CONNECTION 

AI5 

AI2 
A7 

A6 

A5 

A4 

A3 

A2 

Al 
AO 
00 

01 

02 

OND 

-25 

250ns 

-200 1 -250 

5V ± 10% 

200ns I 250ns 

130mA 

40mA 

Vee 

A14 

AI3 

A8 

A9 

All 
6E/vpp 
AIO 
CE 
07 

06 

05 

04 

03 

PRELIMINARY 

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 TMM 
27512AD is fabricated with the N-channel silicon double 
layer gate MOS technology. 

• Full static operation 
• High speed programming mode I, II 
• I nputs and outputs TT L compatible 
• Pin compatible with i27512 
• Standard 28 pin DI P cerdip package 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AlO 
All 
AI2 
AI3 
AI4 
AI5 

Vpp OND Vee 00 01 02 03 04 05 06 07 

PIN NAMES MODE SE LECTION 

AO - A15 Address 1 nputs 

00- 07 Ou tp uts (I n puts) 

CE Chip Enable Input 

OE/Vpp outpul Pcogco" 
Enable Supply 
Input Voltage 

Vcc Power Supply Voltage 
(+5V) 

GND Ground 

.. _----.-------- ---~~ 

~ CE OE/Vpp VCC 00 - 07 
MODE (20) (22) (28) (11 -13, 15-19) 

Read L L Data Out 

Output Deselect * H 5V High Impedance 

Standby H * High Impedance 

Program L Vpp 
6V 1i Data In 

Program Inhibit H Vpp 
6.25V21 High Impedance 

Program Verify L 
--~--~-

L Data Out 

*: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2) HIGH SPEED PROGRAMMING MODE II 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORDxg BIT N-MOS UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION 

The TMM27512ADI is a 65,536 word x 8 bit ultra­
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27512AD I 's access time 
is 170ns/200ns/250ns, and the TMM27512ADI operates 
from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation 

FEATURES 

f
------F-----~-----_______ -_~_~ __ _=3_0 __ - 25 
Vcc 5V ± 5% 

~ 'Ace ~ 117Q-,sJ----"oon,-- 250m 

ICC2 130mA 

ICCl 40mA 
----------___ 0 ______ -- •• ________ ~_ 

PIN CONNECTION 

A15 28 Vee 

A12 Z7 A14 

A7 3 26 A13 
A5 25 A8 
A5 5 24 A9 
A4 6 23 All 
A3 7 22 OE/Vpp 
A2 8 21 AI0 
Al 9 20 CE 

AO 10 19 07 

00 11 18 06 

01 12 17 05 

02 t 3 16 04 

GND 14 15 03 

PIN NAMES MODE SELECTION 

TMM27512ADI-17, 
TMM27512ADI-20, 
TMM27512ADI-25 

PRELIMINARY 

without increasing access time. The standby mode is 
achieved by applying a TT L-high level signal to the CE 
input. 

For program operation, the programming is achieved 
by using the high speed programming mode. The TMM 
27512AD I is fabricated with the N-channel sil icon double 
layer gate MOS technology. 

• Wide operating temperature range -40 ~ 85°C 

• Full static operation 
• Yigh speed programming mode I, II 
• I nputs and outputs TT L compatible 
• Pin compatible with i27512 
• Standard 28 pin 0 I P cerdip package 

BLOCK DIAGRAM 

Vpp GND Vee 00 01 02 

eE 

AO 
Al 
A2 
A3 

A6 
A7 
A8 
A9 

AI0 
55,536 x 8bi ts 

All 
A12 
A13 
A14 
A15 
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TOSHIBA MOS MEMORY PRODUCTS 

I OESCRI PTION I 

TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 

The TC57l000D/TC57l001D is a 131,072 word x 8 bit 010S ultraviolet light erasable 
and electrically programmable read only memory. 

The TC57l000D is JEDEC standard pin configuration and the TC57l001D is compatible with 
28 pin 1M bit Hask ROH. Both products are packed in 32 pin standard cerdip package. 

TC57l000D/TC57l00lD is fabricated with the 010S technology. Advanced circuit tech­
niques provide both high speed and low power features with a maximum operating current 
of 30mA/6.7HHz and access time of l50ns/200ns/250ns. 

The programming times of the TC57l000D/TC57l00lD except overhead times of EPROH pro­
grammer is only 14 seconds by using the high speed programming algorithm. 

\FEATURESI 

Peripheral circuit: CMOS 

N-MOS 

Access Time 

-15 I -20 I -25 
Vee 5V::5% 
Temp o IV 70cci -40 IV 85 °e 
tAee l50ns I 200ns 1250ns 

• Low power dissipation 

Active: 30mA/6.7HHz 
Standby: 100~A(Ta=85°C) 

I PIN COm-lECTION I (TOP VIEH) 

vec VPP 
PGM rrE 
NC 
AI4 

Ai Al3 Ai 
AS 
A9 
All 
OE 

A2 AIO A2 
Al CE Al 

AO D7 AO 
DO D6 DO 
Dl D5 Dl 
D2 D4 D2 

GND D3 GND 

\ -200 
SV::lO% 
OIV70"C 
200ns 

VCC 
PGM 
NC 
Al4 
A13 
A8 
A9 
All 
A16 
AIU 
er-
Di 

D6 
D5 
D4 

D3 

TC57l000D TC57l001D 

• Single 5V power supply 

• Full static operation 

• High speed programming. operation: tp\\T O.lms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC57l000D 

• 1M }fRO}! compatible TC57100lD 

• Standard 32 pin DIP cerdip package 

I PIN NPJ1ESI 
A15 VCC' 

'A12 A14 
AO IV Al6 Address Inputs 

A7 3 Al3 DO IV D7 Outputs (Inputs) 
A8 

A5 A9 CE Chip Enable Input 
A4 All 
A3 A16 
A2 AIO 

OE Output Enable 
Input 

CE 
AO D7 

PGH Progr-am Control 
Input 

DO D6 
DI D5 

VCC Vce Supply Voltage 

D2 D4 
GND D3 

Vpp Progr-uIn Supply 
Voltage 

(1M Hask ROH) 
TC53l000P 

GND I Ground 

NC INo Connection 
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IBLOCK DIAGRAMI 
00 01 02 03 04 05 06 07 

OE~~--~--~--~--~ 

CE 
~V-~ ____________ ~~ 

AD 
Al 
A2 
A3 
A4 
A5 

All 
A12 
A13 
AI40 
A15 
A16 

It-mOE SELECTIONI 

10 

~ MODE 
Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 

*: H or L 

IMAXIMUM RA!INGS! 
SYHBOL 

ROW 

DECODER 

PGH eE 

H L 

* * 
* H 

L L 

* H 

H L 

E L 

ITE..~ 

OE 

L 

H 

* 
H 

* 
H 
L 

MEMORY CELL 
ARRAY 

131,07 2x 8bi ts 

vPP vee 

5V 5V 

l2.75V 6.25V 

Vee Vee 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 'V 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 '" V CC+O . 5 V 

1.5 ~..r 

260 • 10 °C • sec 

-65", 125 °C 
-40'" 85 °c 



TC57) 0000-15, -20, -200, ·25 
TC5710010-15, -20, -200, .. 25 

\READ OPERATIONi 

D.C. RECOMMENDED OPERATING CONDITIONS 

TC57l000D/lOOID-15,-20,-25 TC 57 I 0 OOD/l 00 I D- 200 
UNIT SYHBOL PARAHETER 

MIN. TYP. ~1AX. HIN. TYP. ~1AX. 

VIR IInput High Voltage 2.2 - I VCC;+0.3 2.2 - I VCc+O· 3 
VIL Input Low Voltage -0.3 - 0.8 -0.3 - 0.8 

VCC Power 
V 

VCC Supply Voltage 4.75 5.00 5.25 4.50 5.00 5.50 

Vpp Vpp Power Supply Voltage VCC-0.6 VCC VCc+O· 6 VCC-O.6 VCC VCc+O· 6 

D.C. AND OPERATING CHARACTERISTICS (Ta=-40'\,8s0C) 

SYMBOL PARAME'fER TEST CONDITION MIN. TYP. I }1AX. UNIT 

ILl Input Current VIN=O '\, VCC - I - I =10 I uA I 

lCCOl CE=OV I £=6. 7MHz - - I 30 
Operating Current 

IODT=OmA \ f=l~!Hz I 
mA 

lCC02 - - 10 

ICCSl C.t.=VIR - - I 1 I mA 

ICCS2 
Standby Current 

CE=VCC-0. 2V I I 100 uA - -
VOR I Output High Vol~age IOR=-400uA 2.4 - I - V 

VOL Output Low Voltage IOL=2.lmA - - I 0.4 V 

IpPl Vpp Current Vpp=VCC:,:O.6V - - I =10 uA 
ILO Output Leakage Current VOUT=O. 4V '\, V cc I - - I 10 uA 

~ - - -Ta=O'\, 70°C ror TC.) 7l000D/TC') 71001D-LJ, -200 

A.C. CHARACTERSITICS (Ta=-40'\, 85°C, Vpp=VCC:,:0.6V) 
TC57100~D/IOOID I TC 5 71 OOOD/l OOID TC57 1 OOOD/l 00 1D 

SYHBOL PARAMETER -10 -20,-200 

EIN. I HAX. I HIN. HAX. 

tACC I Address Acc.ess Time I - I 150 - I 200 
tCE CE to Output Valid - I 150 I - 200 
tOE OE to Output Valid - I 70 I - 70 
tpG}1 PGM to Output Valid I I 70 70 I - -
tDFl CE to Output in High-Z I a I 60 I 0 60 
tDF2 OE to Output in High-Z I 0 I 60 0 60 
tDF3 PGM to Output in Righ-Z I 0 I 60 0 60 
tOR Output Data Rold Time I 0 I - I 0 -
Ta=O'\, 70 ° C for TC57l000D/TC57l001D-ls, -200 

A.C. TEST CONDITIONS 

· Output Load 

· Input Pulse Rise and Fall Time 

• Input Pulse Levels 

1 TTL Gate and CL=lOOpF 

10ns Max. 

0.45V 50 2.4V 

-25 

HIR. HAX. 

I - 250 

- 250 

- 100 

- 100 

0 I 90 

0 90 

0 I 90 
0 I -

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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·.lJ~'I/";~ff;;~5 
rC5'11 •• 1D~' 5, -28" -200,:.,;'-26 

.... 
CAPACITANCE (Ta=25°C, f=lMHz) 

SYHBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

TEST CONDITION HIN. 

VIN=OV -

VOUT=OV -

* This parameter is periodically sampled is not 100% tested. 

TU~ING WAVEFORMS (READ) 

tpGM 

00 -07 ____ H_IG_H_Z __ --<I 
DATA OUTPUTS 
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IHIGH SPEED PROGRAM OPERATIONI 

D.C. RECOMMENDED OPERATIMG CONDITIONS 
SYHBOL PARAHETER 

VIH Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

VPP VPP Power Supply Voltage 

lC5710000-15,-20, -200, -25 
lC5l1 0010-15, -20, -200, -25 

BIN. TYP. HAX. UNIT 

2.2 - VCc+l. O 

-0.3 - 0.8 

6.00 6.25 6.50 
V 

12.50 12.75 13.00 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6.25±0.25V, VPP=12.75±0.25V) 

SYMBOL PARAHETER TEST CONDITION HIN. TYP. Hf..x. UNIT 

ILl Input Current VIN=O'\,VCC - - ::10 uA 

VOB Output High Voltage IOB=-400uA 2.4 - \ - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

ICC VCC Supply Current - - - I 30 rnA 

IpP2 VPP Supply Current Vpp=13.0V - - SO rnA 
r-----. ~-,~ 

VID I £.:9 Auto Selec, Voltage - 11.5 12.0 12.5 V 
.... ,,, .. 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6.25±0.25V, VPP=12.75±0.25V) 

SYMBOL P ARA}lETER 

tAS Address Setup Time 
-.-

tAR Address Hold Time I 
tCES CE Setup Time 

-. 
tCtB CE Hold Time 

-
tDS Data Setup Time 

tDH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tOE OE to Output Valid i 
tDF2 OE to Output in High-Z 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

TEST CONDITION BIN. 

- 2 

- I 2 

- 2 
--~~ 

- 2 
' .... 

- 2 

- 2 

.- 2 

- 0.095 

- -
CE=VIL -

1 TTL Gate and CL(lOOpF) 

lOns Hax. 

0.45V and 2.4V 

TYP. I ~1AX. UNIT 

- - us 

- - us 

- - us 

- - ',lS 

- - )JS 

- - us 

- - us 

0.1 0.105 ms 

- 100 ns 

- 90 ns 

• Timing Heasurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAr~ OPERATION 

TIMING CHART 

AO-A16 

tCES tCEH 

tDF2 

00-07 UNENOWN DIN STABLE DOUT VALID 

Ypp 
tyS 

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 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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I ERASURE CHARACTERISTICsl 

The TC57l000D/TC57l00lD'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-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 

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/TC571001D's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

-=------ PGM CE OE Vpp VCC 00 '\., 07 POWER 

READ Read H L L Data Out 

OPERATION Active 
Output Deselect * * H SV 5V High Impedance 

(Ta=-40'\., 85°C) Standby * H * High Impedance Standby 
I 
Program L L H Data In 

PROGRAM 
OPERATION * H * High Impedance 

Program Inhibit 12.75V 6.2SV Active 
(Ta=25±5 ° C) H L H High Impedance 

Program Verify H L L Data Out 
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IREAD t~OD~ 
The TCS71000D/TC571001D has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGH) 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 IH 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 OE=VIH, the outputs will be in a high impedance state. 

So two ormore 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. 

(STANDBY ~10DE! 

The TCS71000D/TC571001D has a low power standby mode controlled by the CE 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 IOO~A by applying MOS-high level 

(VCC) and then the outputs are in a high impedance state, independent of the OE .inputs. 

\PROGRPJl1 MODE! 

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 "O's" data into the desired bit 

locations by ele.c.trically programming. 

The levels req~ired for all inputs are TTL. The TC57l000D/TC57l00lD can be programmed 

any location at anytime---- either individually, sequentially, or at random. 
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!PROGRAtvl VERIFY ~~ODEI 

TC571000D-15, ·20, -200, -25 
TC571 001 D-15,-20, -200, -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. 

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 TC571000D/TC571001D 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. 

!HIGH SPEED PROGRAtvl OPERATION! 
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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HIGH SPEED PROGRAt~ OPERATION 

FLm~ CHART 

NG 

NO 

Vee - 6.25±O.25V 

Vpp'"" 1 2.7 5± 0.2 SV 

ADDRESS 

- START ADDRESS 

Vee -= SV 

Vpp = 5V 
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\ELECTRIC SIGNATURE MODEl 

TC571000D-15, -20, -200, -25 
T05710810-15, -28, -200, -25 

Electric signature mode allows to read out a code from TCs71000D/TCs71001D which 

identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TCs71000D/TCs71001D by using this mode before program operation and automatically 

set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 

rest of address lines is set to VIL in read operation. Data output in this con­

ditions is manufacturer code. Device code is identified when address AO is set to 

VIR' These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC571000D/TC571001D. 

SIGNATURE 
AO 07 

}-Ianufacture Code VIL 1 

TCs71000D 1 
Device Code 

TCs71001D 
VIR 

0 

Notes: A9=12V±0.sV 

Al '\., A8, AIO 'V Al6, CE, OE=VIL 

PGM=VIH 

06 05 

0 0 

0 0 

0 0 
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I 04 03 02 01 00 

1 1 0 0 0 

0 0 1 1 0 

0 0 1 1 1 

REX. 
DATA 

98 

86 

07 



:;~;::'~", '1"~~5' "~111:~~': :'~:8:';:'\\1~;"~\ o,;;" ;,~~.}\i;Y:/\\:.::r'~',;· .;'.,:':~; 
:\." , ,,~J. ,1, ,e", , ' .. ,:. 

'. ;:D.oJ,b.~t'~:',,:::~~o:i~\~.~j~' 
, ,": '" c, '! ' , " i ' " " ,', " ~ '0 ~ 

IOUTLINE DRA~HNGSI 

Unit in rom 

32 17 --.--....... _-£. __ ~==--o=.-r 

END RIOO lrl 
::i 
+i 

:-.J ~ 

~ t-

::i ..c 
~ 

t..":) 

:'-I 

::i 

I ~=====G~J=====~ 
l...:!:: if===~::l_L 

II 0.38 
II 

. -1 _.0 -'- 0.::> 
I • , I 

I I 1.3±0.2 ~I 
I I 

I~ 
1· ~ ~ :::) 

+I 
r-

2~.5~4~~~-+ ____________________________________ ~ ~ 

Z.54±0.1 .11 ~.4 6 ± 0.0 5 

Note I 

Note 1. Each lead pitch is 2.S4mm. All leads are located within O.25rom 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 

I OESCRI PT! ON I 

TC571 0240-15, TC571 0240-200 

TC571 0240-20 

The TC57l024D is a 65,536 "lOrd x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TCS7l024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC571024D is fabricated '\-lith the C~lOs technology. Advanced circuit techniques pro­
vide both high speed and lowpo\·7er features with a maximum operating current of 40mA/ 
6.711::.z. and access time of lSOns/200ns. 

The programming times of the TeS7l024D except overhead times of EPROM programmer 
is only 7 seconds by using the high speed programming algorithm. 

FEATURES 

• Peripheral circuit: G-10S 

Hemory cell K-MOS 

• Fast access time 

• Low power dissipation 

Active : 40mA/6.7MP~ 
Stq.ndby: 100~A 

• Single 5V power supply 

• Full static operation 

High speed programming operation: 
TCS71024D-15ITC571024D-20ITC57l024D-200 

tpw O.lms 
Ta O'V 70°C I -40 'V 85°e 

Vec 5V±5% I 5V±10% 
tAce lSOns I 200ns • Input and output TTL compatible 

• JEDEC standard 40 pin: TCS71024D 

!PIN COr:i'!ECTION I (TOP VIEH) • Standard 40 pin DIP cerdip package 

D'" N.C. 
I PIN i'JAr·1ES I 

Dl? A15 
D13 A1.4 

AO 'V A15 Address Inputs 

Dl2 DO 
Dll 

'V Dl5 Outputs (Inputs) 

DlD All CE Chip Enable Input 
D9 AlO 
DB OE Output Enable Input 
Vss 
D7 

PGM Program Control Input 

D6 
D5 

VCC VCC Supply Voltage 

Di. Vpp Program Supply Voltage 
D3 
D2 VSS Ground 
Dl 
DO 

N.C. No Connection 

DE 

-G-137-



ISLOCK DIAGRAMj 

Vpp GND VCC 

OE 
C1; 

PGM 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
.A9 
AlO 
All 
A12 
A13 
A14 
A15 

1~1ODE SELECTION j 

~ :·IODr:: 

Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 

,MAXIMUM RATINGSi 

SYMBOL 

I GE I OE \PGH 
I I I 

L L H 

* H * 
H * * 
L * L 

H * * 
L H H 

L L H 

* H or L 

ITEH 

OUTPUT BUFFERS 

COLUMN I/O CIRCUIT 

65536 X 16 bi'tS 

vpp vee DO f)J DIS 

Data Out 

SV sv High Impedance 

High Impedance 

Data In 

l2.7SV 6.2SV High Impedance 

Data Out 

RATING 

Vee Vee 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+O. S 
PD Power Dissipation loS 

TSOLDER Soldering Temperature Time 260 • 10 
TSTRG Storage Temperature -65 'V 125 

TOPR Operating Temperature -40 'V 8S 
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Active 

Standby 

Active 

UNIT 

V 
V 

V 

V 

V 

H 

°e'sec 

°c 
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IREAD OPE~ 

rC5710240-15, rC5710240-200 
re571 0240-20 

ACIDC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TC57l024D-15 I TCS7l024D-20 I TCS7l024D-200 

Ta Ambient Temperature Orv70°C I -40rv8SoC 

VCC VCC Power Supply Voltage 5V±5% I 5V±10% 
Vpp Vpp Power Supply Voltage V CC-O. 6V rv VCC+O. 6V I V CC-O. 6 V rv V CC+O. 6 V 

D.C. and OPERATING CHARACTERISTICS 

I S'0mOIJ I PARAHETER TEST CONDITION I MI'1 -- !~. TYP. I l-Lt,X. I G~lT 
ILl I Input Current ! VIN=OrvVCC - - I ±10 I ',lA 

I ICCOl CE~OV ~Cle~150nS - - I 40 
Operating Current 

I 
rnA 

1CC02 IOUT=OmA tcycle=l',ls - - 20 

1CCSl 

I 
I CE=VIH - - I 1 rnA 

Standby Current 
CE=V CC-O. 2V I ICCS2 - - 100 ',lA 

~:: I Input High Voltage - I 2.2 - i \'CC+O. 3 I V _._. 

I ! Input Low Voltage I - 1-0 . 3 I - i 0.8 I V 
t " , I i 

I YOE i Output High Voltage i IOH:-400wA 2.4 I - ! - i V 

j 

r 

V~.,. I Output Low Voltage IIOL=2.lmA - - I 0.4 V u"-

I I??l I Vpp Current I Vpp=V CC±O. 6V - - I =10 ',lA I 

I 1LO I Output Leakage Current VOUT=0.4V rv VCC - - I ±10 ',lA 

~ r CHARACTERISTICS eVpp=VCC±O.6V) 
I 

I 
TCS71024D-IS TCS71024D-200/-20 

I S~SOL PARAMETER UNIT 
HIK. P~. BIN. HAX. 

I 'tACC I Address Access Time -
I I 150 - 200 

r I "cE 
--

I 
teE to Output Valid - 150 - 200 

~OE I OE to Output Valid - 70 - 70 
us 

tDFl CE to Output in High-Z 0 60 0 60 

tDF2 OE to Output in High-Z 0 60 0 60 

I 
I 
I --
J tOR Output Data Hold Time 0 - 0 -

A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

1 TTL Gate and CL=lOOpF 

IOns Hax. 

0.4SV to 2.4V 

+?±rn"i'l1'g·'Measurernent Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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"U.III~"!J,II~I""'IoI"'L~'II.'~~_ -'-cc, ,~ 

'\,co 0 ~ " ",,-

1,' 

·"'l8_1J;OeJ~f:I~~·,t8,17~J~ . 
TC571024D·~O ',', ' 

CAPACITANCE ~': (Ta=25 °c, f=lHRz) 

SYHBOL PARAMETER TEST CONDITION MIN. TYP. HAX. UNIT 

CrN Input Capacitance Vn~=OV - 6 10 

COUT Output Capacitance VOUT=OV - 10 12 
pF 

~': This parameter is periodically sampled and is not 100% tested. 

THlING WAVEFOFU·1S (RE.AD) 
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I HIGH SPEED PROGRAM OPERATION I 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARA..1'1ETER 

VIR Input High Voltage 

VIL Input Low Voltage 

VCC VCC Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

TC511024D-15, TC571024o-200 

TC571 0240-20 

MIN. TYP. MAX. UNIT 

2.2 - VCC+0.3 

-0.3 - 0.8 
V 

6.00 6.25 6.50 
12.50 12.75 13.00 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6.25±0.25V, Vpp=12.75±0.25V) 

S\~rnOL PARAMETER I TEST C01"DITION MIN. TYP. I MAX. UNIT 

ILl Input Current V n\'= 0 'V Vec - - ±10 llA 

VOR Output High Voltage IOR=-40011A 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

ICC Vec Supply eu::-::-e~t I - - - 40 rnA 

IpP2 Vpp Supply Cu::-::-ent I Vpp=13.0V - - I 100 rnA 

A.C. PROGRAM~ING CHARACT~?!ST!CS (Ta=25±5°C, VCC=6.2S±0.2SV, \. ___ , ') -;::: ~ r'I ..,:;. T1 '\ 
\ I't'- • .-. I ~- u. -..I \ ) 

S:~§OL I PA_"R...P~TE?, 

~Pol.S I Address Setup Ti::.J.e 

'C_!11 I Address Rold Time 

tC:::S I CE Setup Ii:rl: 

~C:::? I CE Hold Time 

tDS I Data Setup Tbe 

tml I Data Hold Time 

tyS I Vpp Setup Time 

Ip\\, Program Pulse \\'id ::~ 

tOE OE to Output Valid 

tDF2 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 

I 
I 
I 
I 

I 
I 

I 

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 

I MA..X. UNIT 

I - I llS 

I - llS 

I - )JS 

I - llS 

I - ].JS 

I - llS 

I - I llS 

10. 105 ms 

500 ns 

150 ns 

- )..IS 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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~¥,~~~",,~"j-W~~~·,-.. *....,~~:\~~t~I_':""::,.,:',',.',"".",:11 
':. '.,"'\.'~' '.'"C;';:J 

, ~,'c c~ I I 

HIGH SPEED PROGRAM OPERATION 

TIHING CHART 

,_o-m ~"------tAS ----tP.H --F 
:~ ~\~ ~ teES t8~~ ¥Zl/;0/; 

, to~s I 

~_:~:w_/-~~------------

l\ote: 1. Vee Dust be applied si::ml~2neo'..!sly or before Vpp and cut off simul­

taneously or after VDD. 

2. Re~oving the device =~ow so~ket 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. 

lmen 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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TC571024D-15, TC571024D-200 

TC571024D-20 

IERASURE CHARACTERISTICS/ 

The TC571024D 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/crn2] x exposure time [sec.]) 

f or erasure should be a 8ininu!:l of 15 [W.· sec./ c.m2 ] . 

Hhen the Toshiba sterilizing lanp GL-15 is used and the devic.e is e:qosed at a 

distance of lcm from :he la:np sur:ace, the erasure ,.;rill be ac.hievec \\-ithin 60 

minutes. And using cO::::::Jercial lamps ,,-hose ultraviolet light intensity is a 12000 

[~\I'/ cm2 ] ,dll reduc.e :he exposure :iI:Je to about 20 minutes. (In tr.is case, :he 

integrated dose is 12000 [U\.;/c:J2 ] x (20 x 60) (sec.] =15 [W. sec./crn2 ].) 

The TC571024D erasure begins to oc.cur when exposed to light vTith ,·7avelength shorter 

than 40001. The sunlight and the flourescent lamps will include 3000 "v 4000A ,.;ave-

length components. There:ore ~hen used under such lighting for ex:enced periods 

of time, the opeque sea:s - Toshiba ~?ROM Protect Seal AC901 - are ~,ailable. 

The TC571024D six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 

I 

i~ I O~ PG~ll I 
I I - ~- CE I L 

Vpp VCC I DO "v DIS POWER 
I !,lOD~ I 

I 
Re2.c I L I L I H I i Da:a Out RLW 

OPER.';TION I I 
Active 

Output Deselect * H .J.. 5V 5V Righ Impedance 

Standby H .1. ~. High Impedance Standby 

PROGRAl1 Program L ;'\ L Data In 

OPERATION H -;':: * Program Inhibit 12.75V 6.25V High Impedance Active (Ta=25±5 C C) L H H 

Program Verify L L H Data Out 
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IREAD MODE I 
The TC571024D 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=VIL and PGM=VIH, the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (tACC)' 

Assuming that CE=VIL' PGM=VIH and all addresses are valid, the output data is valid 

at the outputs after tOE from the falling edge of or. 

I OUTPUT DESELECT MODEl 
Assuming that CE=VIH or OE=VIR' the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on 2. cowmon bus line. 

ifnen CE is decoded for device selection, all deselected devices are in low power 

standby mode. 

!STANDBY MODEl 
The TC57l024D has a low power standby mode ccn~=o~led by the CE signal. 

By applying a high level to the CE input, the TC5il02~D is placed in the standby 

mode which reduce the operating current to 10cr;.;.:\ by a?plying ~lOS-high level (VCC) 

and then the outputs are in a high impedance sta~e, independent of the OEinputs. 

,PROGRAM MODEl 
Initially, when received by customers, all bits of ~he TC57l02LD 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 TC57l024D can be programmed any 

location at anytime--either individually, sequentially, or at random. 
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I PROGRAM VERIFY MODEl 

lC57l0240-15, TC5710240-200 
le5 710240-20 

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. 

[PROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+12.75V) is applied to Vp? tert!:.inal, 

a high level CE or PGM input inhibits the TC57l024D from being progra~ed. 

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 co~o~ly 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 OPERATIONj 

The device is set up in the high speed programming mode when the progra==ing voltage 

(+12.75V) is applied to the Vpp terminal with VCC=6.25V and P~=V:E. 

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. 
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T&67:1<0240-16, re5?: l024;0·200 

TC57 10240-20 

HIGH SPEED PROGRAM OPERATION 

FLOW ClLA.RT 

NO 

NO 

\~ 
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rELECTRIC SIGNJl.TURE MODE I 

TC571 0240-15, TC571 0240-200 

TC571 0240-20 

Electric signature mode allows to read out a code from TC571024D which identifies 

it's manufacturer and device type. 

The programning equipment may read out manufacturer code and device code from 

TC571024D by using this mode before program oreration and autom~tically set program 

voltage (Vpp) and algorithm. 

Electric Signature mode is set up "hen 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 ,.;rhen address AO is set 

to VIR' These two codes possess an odd parity with the parity bit of (07). 

The follmdng table shO't,'s electric signature of TC571024D. 

--_______ PINS 

SIGNATURE 

Hanufacture 

Device Code 

:~otes: A9=12V:tO.5V, Al "vA8, AIO "vA15, CE, OE=VIL, PGt-l:-:VIE 

D.C. AND OPERATING CHARACTERISTICS 
Snf'.DOL I PARAHETER MIN. TYP, MAX. I 
VID I I A9 Auto Select Voltage 11.5 12.0 12.5/ 
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HEX. 
DATA 

o 0 ~b'<98 

o ~~*08 

*: Don't Care 



lOUTLINE DRAWINGS I 
Unit in mm 

52.07±0.3 

8.9TYP 

40 21 

10 
.-i 
d 
-H 

Ro.S4 10 
10 
.;. 
""'t 

1 20 

I I · I 16.75±0.38 I 
2.5~::0.25 1.3 1-------; 

I I ' I 
0.46 Note 2 

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 
PRELIMINARY 

iOESCRI PTION I 

TMM28257P-20, IMM28257P-25 
TMM28257P-30 

THM28257P is a 32,768 word x 8 bit electrically chip erasable and programmable -read 
only memory, and molded in a 28 pin standard plastic DIP. 
The TMH28257P' s access time is 200ns/250ns/300ns, and has lmv pmver standby mode which 
reduces the power dissipation without increasing access time. 
The electrical characteristics ar~ the same as U.V.EfROM TtfrI27256D's. For program 
opecatioll, the programming is achieved by using the high speed programming mode. 
The U1l'128257P ;1a8 an electrically chip erasir.g r.1ode V7bicb can erase whole bits at the 

TNH282S.'P-25 L_ 

TMM282S)P-30 300ns 
• Low power dissipation 

Active : 100mA 
Standby: 25mA 

• Full static operation 
., Higll spel:'J prJgraTILrning mode 
Elec~ricalJy chip erasing mode 

• l-"puts and outputs TTL compatible 
• Pin compatible with MASK ROM TC53257P, 

T[/[J:.1Z3~~56P) EPtOM J11;.127250D awl TC57256D 
Standard 28 pin DIP plastic package 

BLOCK DIAGRN1 00 07 

JPI N 
Vee 
Al4 VFP Q-<~------I 
A13 

A8 

A9/ERS 

All 

AO 

00 

01 
02 

GND 

OE 

A10 

CE 
07 

06 

05 

04 

03 

AO"'AlL. Address Inputsl 
OO;:::07~tp;rtTI n pu t) I 
C~ Chip Enabiei 

r. ~'nput r,;:::-:-cd 
. OE Output Enable, 
' _____ ,Inp~_~ 
. iAddress And 
.9 /ERS Erase Control 
. Input 

Program And 
Vpp IErase Power 

Supply Volta e 

AO 

! 
A9/ERS~ 

( 
A14 

[t·10DE SELECTION] 

~n Mode ____ 

Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 

Chip Erase 

Buffer 

c'E OE 

L L 

* H 

H * 
L H 

H * 
L L 

L H Vec Power I I Vee Supply Voltage
l 

t-=,: GND IGround ! 
Chip Erase Inhibit H ~'~ 

.! i 

A9 

.1. 

* 
* 
* 
;" 
-], 

12V 
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Decoder 

.. 

pm,e~ Vpp Vce 
AO"'AS OO'\; 07 
(10"'14 ) 

.' . Data Out 

5V Isv L~-- Active 
Hi.gh Impedance 

* High Imredance Standby 
J. Data Input --l 

2lV 6V .1. High Impedanc~ Active 

! 
.1 .• 

Data Out + ___ 
21V svH- Data FF (n Inputl Active 

ok High Impedance 



~1AX I r,lW·1 RAT I NG S 

SYMBOL ITEM RATING UNIT 

Vce Vce Power Supply Voltage -0.6 I\} 7.0 V 

Vpp Program Supply Voltage -0.61\}22.0 V 

VIN Input Voltage -0.61\} 7.0 V 

VI/O Input/Output Voltage -0.61\} 7.0 V 

PD Power Dissipation 1.5 H 

TSOLDER Soldering Temperature· Time 260 • 10 °C·sec 

TSTG Storage Temperature -65 I\} 125 °e 

TOPR Operating Temperature 01\} 70 °e 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vec+1.0 V 

Vn Input Low Voltage -0.3 - 0.8 V 

Vce Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vce Vec+0.6 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=O I\) 70°C, Vec=5V±5%) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O I\} Vce - - ±10 ).1 A 

ICCI Supply Current ( Standby) CE=VIH - - 25 rnA 

IeC2 Supply Current (Active) CE=VIL - - 100 rnA 

VOH Output High Voltage IOH=-400).1A 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

IpFI Vpp Current Vpp=O I\} V CC+O. 6 - - ±2 rnA 

ILO Output Leakage Current VOUT=O.4 I\} Vec - - ±IO ).1 A 
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lMM28257P-20, 11128257P-25 
11128257P-30 

A.C. CHARACTERISTICS (Ta=0'V70°C, Vcc=5V±5%, Vpp=2.0V'VVCc+0.6V) 

STI1BOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDFl CE to Output in High-Z 

tDF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A.C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 

-20 -25 
TEST CONDITION 

MIN. MAX. MI~. MAX. 

CE=OE=VIL - 200 

OE=VIL - 200 

CE=VIL - 70 

OE=VIL 0 60 

CE=VIL 0 60 

CE=OE=VIL 0 -

1 TTL Gate and CL=lOOpF 
10ns Max. 
0.45V'V 2.4V 

- 250 

- 250 

- 100 

0 90 

0 90 
--

0 -

-30 
UNIT 

MIN. MAX. 

- 300 ns 

- 300 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 - ns 

• Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs O.8V and 2.0V 

CAPACITANCE *(Ta=25°C, f=lMHz) 

STI1BOL 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. 

Tun NG \~AVEFOR~~S (READ) 

HIGH Z 
00-07 
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'Wll, .... : "&1~~ID,':TMI282Jil:P~25 
. TM'128251~30 

PROGRAJ.1 OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vec 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 

20.5 21.0 21.5 

D.C. AND OPERATING CHARACTERISTICS (Ta=0'U70°C, Vce=6V±0.25V, Vpp=2lV±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O'U VCC - - ±10 
VOH Output High Voltage IOH=-400jJA 2.4 - -
VOL Output Low Voltage IOL=2.lmA - - 0.4 

ICC Vec Supply Current - - - 100 
-

IpP2 VPP Supply Current Vpp=21. 5V - - 30 

A.C. PROGRAMMING CHARACTERISTICS (Ta=0'U70°C, Vcc=6V±0.25V, Vpp=2lV±0.5V) 
SYHBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tOEH OE Hold Time 

tDS Data Setup Time 

tDH Data Hold Time 

tvs VPP Setup Time 

tpw Initial Program Pulse Width 

top~v Overprogram Pulse Width 

tDV CE to Output Valid 

tDFI CE 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 

- 2 

- 2 

- 2 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OE=VIH 0.95 

Note 1 0.95 

OE=VIL -
OE=VIL -

1 TTL Gate and CL (lOOpF) 
IOns Max. 
0.45V'U 2.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -
- -

1 1.05 

1 21 

- 1 

- 150 

UNIT 

V 

V 

V 

V 

UNIT 

jJA 

V 

V 

rnA 

rnA 

UNIT 
jJS 

jJS 

jJS 

jJS 

jJS 

pS 

jJS 

\-1S 

jJS 

IDS 

ms 

jJS 

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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TMI28257P.20, TIM28257P.25 
TIM28257 p..30 

TH~ING WAVEFOm·1S (PROGRAM) 

(Vee=6V±O.25V, Vpp=21V±O.5V) 

AO~A14 

OO~O'7 

VPP 

tvs 

PROGRAM 

INITIAL PROGRAM 

PROGRA.\ol 
VERIFY 

DIN STABLE 

PROG?JI .. M 

OVER PROG RAJJ 

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=21V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation. 

So the voltage over 22V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 

overshoot voltage of its pulse should not be exceeded 22V. 
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""",_.~~ij,"tJ._,~\, . 
TIVI'.208281~38o 0 

ERASE OPERATION 

D.C. RECOnr~ENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIR Input High Voltage 2.0 - VCC+1.0 

VIL Input Low Voltage -0.3 - 0.8 

VCC VCC Power Supply Voltage 4.75 5.0 5.25 

VPP Vpp Power Supply Voltage 20.5 21.0 21.5 

VIHH Input High Voltage H 11. 5 12.0 12.5 

NEI.J Erase Write Endurance 100 

D.C. AND OPERATING CHARACTERISTICS (Ta=0'V70°C, Vcc=5V+0.25V, 

SYMBOL PARM1ETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O 'V VCC - - ±10 

ILIE A9/ERS Ir.put Current A9/ERS=0 'V VIHH - - ±10 

ICC VCC Supply Current - - - 100 

IpP2 VPP Supply Current Vpp=21. 5V - - 30 

A.C. ERASING CHARACTERISTICS (Ta=O'V 70°C, VCC=5V+0.25V, Vpp=21V+0.5V) 

SYMBOL PARA11ETER TEST CONDITION 
tCES CE Setup Time -
tCEH CE Hold Time -
tOES OE Setup Time -

tOER OE Hold Time -
t DS Data Setup Time -
tDH Data Hold Time -
tvs VPP Setup Time -
tVH VPP Hold Time -

tES A9/ERS Setup Time -

tEH A9/ERS Hold Time -
tEl.J Erase Pulse Width CE=VIL,OE=VIH,A9=VIHH 

tDFl CE to Output in High-Z OE=VIL 

Input Pulse Rise and Fall Time: 10ns Max. 
Input Pulse Levels: O. 45V 'V 2. 4V 

- H-8 -

MIN. TYP. MAX. 

2 - -
2 - -
2 - -

500 - -

2 - -
500 - -

2 - -
500 - -

2 - -
2 - -

950 1000 1050 

- - 150 

UNIT 

V 

V 

V 

V 

V 

cycles 

UNIT 

fiA 

jJA 

rnA 

rnA 

UNIT 

fiS 

fiS 

fis 

fls 

fiS 

fis 

fls 

flS 

fls 

fiS 

ms 

ns 



TUHNG t~AVEFORnS (ERASE) 

(Vee=5V±O.2SV, Vpp=2lV±O.SV) 

~.2 

tDFl 

OO--{) 7 

A9/ERS 

VPI' 

COES 

tDS 

TI.28257P.20, T1128257P-25 
T1128257P.30 

tOEH 

tDH 

tES tEH. 

tyS tYH 

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=2lV may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for erase operation. 

So the voltage over 22V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 

overshoot voltage of its pulse should not be exceeded 22V. 
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~,-'~~>c-: ';':~1;\)~,,."~~~ v~o~ 
"- ':~ t;':~'" 

~ CE OE A9 Vpp VCC 00 '" 7 Power 
Hode 

Read L L i~ Data Out 
Read Active 

Output Deselect .'. H 
Operation * 5V 5V High Impedance 

Standby H * ",;'~ High Impedance Standby 

Program L H '";I~ Data In 
Program 

Program Inhibit H "k * 21V GV High Impedance Active 
Operation 

Program Verify L L ,':: Data Out 

Erase Erase L H Data FF(H) Input 
l2V 21V 5V Active 

Operation Erase Inhibit H 1. High Impedance 

Note: H; VIH, L; VIL, *; VIH or VIL 

READ r·10DE 

The TMM28257P has tlVO 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. 

OUTPUT DESELECT MODE 
Assuming that CE=V IH or OE=VIH' the outputs will be in a high impedance state. 

So two or more TMM28257P'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 r·1ODE 

The TMM28257P has a low power standby mode controlled by the CE signal. By applying 

a high level to the CE input, the THH28257P iSfllaced in the standby mode which re­

duce the operating current to 25mA from lOOmA (about 75% reduction) 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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PROGRAt~ t,1ODE 

TMM2,8251P-20, TMM28257P-25 
TMM28257 P-30 

Initially, when received by customers, all bits of the TMM28257P are in the "I" 

state which is erased state. 

Therefore the program operation is to introduce "a's" data into the desired bit 

locations by electrically programming. 

The TMM28257P is in the programming mode when the Vpp input is at 2lV and CE is at 

TTL-Lmv under OE=VIH. 

The TMM28257P can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 
The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at VIL. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+2lV) is applied to Vpp terminal, a 

high level CE input inhibits the TMM28257P from being programmed. 

Programming of t,vo or more TMM28257P' s in parallel with diff erent data is easily 

accomplished. That is, all inputs except for CE may be co~~only connected, and a 

TTL low level program pulse is applied to the CE of the desired device only and TTL 

high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 
The program time can be greatly decreased by using this high speed programming mode. 

The device is set up in the high speed programming mode when the programming voltage 

(+2lV) 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 Hade. 

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. 20 times). 
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After correctly programming the selected address, the additional program pulse with 

width equal to that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with VCC ... Vpp=5V. 

This high speed program algorithm allows the programming of the TMM28257P to be 

accomplished without one and a half minutes (Typ.). 

CHI P ERASE r-100E 

The TMM28257P is in chip erase mode when the Vpp input is 2lV and CE is at TTL-Low 

level under the condition of A9=12V, OE=VIH and Data inputs=VIH' The chip erase 

pulse width is only 1 sec. 

Once chip is erased, all bits of the device are in "1" state. 

ERASE INHIBIT 

Under the condition that the erase voltage (2lV) is applied to Vpp terminal and l2V 

is to A9 input, TTL-High level CE input inhibits the TMM28257P from being erased. 
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TMM28257P.20, TMM28257P-25 
TMM28257P.30 

HIGH SPEED PROGRAM t·1ODE FLmJ CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM X PULSES OF Imsec 
OR ONE PULSE OF Xmsec DURATION 

NO 
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OUTLINE DRAvJINGS (THH28257P) 

Unit in mrn 

2"< 15 

1 
~ 

14 

~I 
~ 

38.0 MAY... 1.5.2{-::O.25 ..r. • 

I 
! 

I --- I 

i II 
l..! --r- 1"10.2 5 ~o.~ -

~I 
2.54'::: 0.2,5 O .. ~ ;) 

I 0 

:.4-.t 0·1·5 
O~15 

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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HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 

64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro­
gramming II Algorithm. 

APPLICABLE DEVICES 

TOSHIBA 

The High Speed Programming I Algorithm uses 
1 ms programming pulse and the flow chart is shown 

in Figure 1. 
The High Speed Programming II Algorithm uses 

0.1 ms programming pulse and the flow chart is 
shown in Figure 2. 

~~=-/~-~-~-l --o-e-V-ic-e-:a-:--M-e--0-2-:-:-4-T-~m-p-;A-:-R-O---M----r-------'--'------~-3~3~T~~-e-e-c-o=re-ti-c-a-l--p-~-Ig--r-~--m_-~l_-l in-_ 9'-T03--1~-8~--~:S-eee--_~C------==--~ 

TMM27128.AD/ADI TMM24128AP/AF 66 sec 

TMM27256AO/ADI/BD/BDI TMM24256AP/AF/BP/BF 131 sec 

TC57256AO TC54256AP/AF 131 sec 1_ 3.3 sec 
TMM27512D/DI/AD/ADI TMM24512P/F/AP/AF 262 sec 7.0 sec 

l· TC571000D TC541000P N/A 14 sec 

_T_C_5_7 __ 1 __ 0_0_1_D ________ L--
TC_,5_4_.1 __ 0_0 ___ 1_P ________ ~ ______ N_/A_______ _~sec _______ J 

IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For ihe Manufacturer Code: 
Set A9=12V~tO.5V, Aq'>=ViL, Other Addresses==ViL 
Note: The manufacturer code is consistent with the E.IA standard. 

2 For the De'Jice Code: 
Set A9=12Vi:0.5V, Aq'>=ViH, Other Addresses=ViL. 
Note: The Device Code is manufacturer dependent. 

The foliowing table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 

Device Name Signature 

EPROM One Time PROM Manufacture Code I Device Code 

TMM2764AD/ADI TMM2464AP/AF 98 52 

TMM27128AD/ADI TMM24128AP/AF 98 D3 

TMM27256AD/ADI/BD/BDl r TMM24256AP/AF/BP/BF 98 54 

TC57256AD TC54256AP/ AF 98 C4 

TMM27512D/DI/AD/ADI TMM24512P/F/AP/AF 98 15 

I 
TC571000D TC541000P 98 86 
TC571001D TC541001P 98 07 
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Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 

* : Vpp=OV for 51ZKEPROM 

during verification 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 

during verification 

Vcc=6.25V±O.25V 
Vpp = 12.75 ±O.25V 

ADRESS=START 
ADDRESS 

Vcc =5V 
Vpp =5V 

1-5 

TOSHIBA 

NG 
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TOSHIBAMOSMEMORY PRODUCTS 
TMM2464AP/AF 8,192 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM2464AP/AF is a 8,192 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. 

The TMM2464AP/AF's access time is 200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 

FEATURES 

• Single 5 volt power supply 
• Fast access time: 200ns (Max.) 
• Power dissipation 1 OOmA(active current) Max. 

: 30mA(standby current) Max. 

• Low power standby mode: CE 
• Output buffer control OE 
• Full static operation 

PIN CONNECTION 

Vpp 
A12 

A6 

A5 

A4 

AO 

00 

01 

02 

(TOP VIEW) 

VCC 
PGM 
N.C. 

A8 

A9 

All 

OE 

AIO 

CE 
07 

06 
05 
04 

TMM2464AP/AF 

The electrical characteristics and programming 
method are the same as U. V. EPROM TMM-
2764AD's. 

Once programed, the TM M2464AP / AF can not 
be erased because of uSing plastic DIP without 
transparent window. 

• High speed programming mode 
• Three state outputs 
.Inputs and outputs TTL compatible 
.Compatible with TMM2764AD and ROM 

TMM2365P, TC5365P . 
• 28 PIN standard plastic package: TMM2464AP 
.28 PIN flat package TMM2464AF 

BLOCK DIAGRAM 

Vpp GND Vcc 00 01 02 03 04 05 06 07 

OE 
CE 

PGM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 DECODER 8192',8 bi ts AI0 

All 
A12 

GND 03 MODE SELECTION 
--

PIN NAMES ~----- PIN PGM CE OE Vpp Vee 0 0 -07 

MOO-t--.__.__. (27) (20) (22) (1) (28) (11-13,15-19) 
POWER 

--

Read H L L Data Out 
Ao-AI2 Address Inputs 

0 0 -0 7 Outputs (Inputs) 

--- Active 
Output 

H 5V 5V High Impedance * * Deselect 
CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

N.C. No Connection I 

Standby * H * High Impedance Standby 

Program L L * Data In 

Program * H * High Impedance 
12.5V 6V Active 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 
._----1--------

GND Ground 

Inhibit H L H High Impedance 

Program 
H L L Data Out 

Verify 
.-~ * H or L 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

PD Power Dissipation 1.5 W 
--

TSOLDER Soldering Temperature· Time 260·10 'C'sec 

TSTRG Storage Temperature -55-150 'C 

TOPR Operating Temperature 0-70 'C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+ 1.0 

VIL Input Low Voltage -0.3 - 0.8 
V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 

Vpp Vpp Power Supply Voltage 2.2 Vee Vee+0.6 

D. C. and OPERATING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±5%, Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vec - - ±10 f.lA 

IeCl Supply Current (Standby) CE=VIH - - 30 mA 

1eC2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -4OOf.lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

Iprl Vpp Current Vrr=0-Vce+0.6V -- - ±10 f.lA 

ILO Output Leakage Current VouT=0.4V-Vee - - ±10 f.lA 
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TMM2464AP/AF 

A. C. CHARACTERISTICS (Ta=0-70C, Vcc==5V±5%, Vpp=2.0V-Vcc+06V, Unless otherwise noted) 

SYMBOL PARAMETER 

tACC Address Access Time 

tee CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in Hlgh-Z 

tOF2 OE to Output In Hlgh-Z 

tOF3 PGM to Output In Hlgh-Z 

tOH Output Data Hold Time 

A. C TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TTL Gate and Cr = 100pF 

10ns Max. 

0.45V to 2.4V 

MIN. 

-

-

-

-

0 

0 

0 

0 

• Timing Measurement Reference Level Inputs 0 SV and 2.0V, Outputs O.SV and 2.0V 

CAPACITANCE * (Ta = 25(' f= 1 MHz) 

I SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

l COUT Output Capacitance VOUT=OV 

* This parameter IS perrodlcally sampled and IS not 100% tested. 

TH~ING WAVEFORMS 

AO-A12 

OE 

HIGH Z 

1-9 

MAX. UNIT 

200 ns 

200 ns 

70 ns 

70 ns 

60 ns 

60 ns 

60 ns 

- ns 

MIN. TYP. MAX. UNIT 

- 4 6 pF 

- S 12 pF 



HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

--SYMBO~- PARAMETER =~~ ~~--f TYP MAX --r-UNIT~-" 
VIH Input High Voltage 2 0 _____ ----I __ V_cc_" +_1 ".0 V 

----V~~---- Input Low Voltage ----=-03 - 0.8 V 
_. __ ._--+_.-----+------

____ ~:: __ __ ~~~~;;~ ~~II::~: _______ ~-~__ ~-~ {~ __ ~~_-F2}= r-·---~-3"-2-~--t-----~-

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. 
--

III Input Current VIN=O-VCC - - ±10 

VOH Output High Voltage IOH= -400JlA 2.4 - -

VOL Output Low Voltage 10l=2.1mA - - 0.4 

Icc Vcc Supply Current - - - 100 

IpP2 Vpp Supply Current Vpp= 13 .OV - - 50 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5C, Vc:(=6\1-t025V, VI'I,c.=125V±05V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teES CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

toP.w Additional Program Pulse Width 
1-----. 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A. C TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

--

-

-

-

-

-

-

Note 1 

-

CE=VIL 

1 TTL Gate and CI (1 OOpF) 
10ns Max. 
0.45V to 2.4V 

MIN. 

2 

2 

2 
--

2 

2 

2 

2 

0.95 

2.85 

-

-

Input O. 8V and 2 OV, Output O. 8V and 2. OV 

I T:~-

-

-

-

-

.-
-

1.0 

3.0 

-

-

Note: 1. topw depend on the program pulse Width which IS regulred in the Initial program. 

- 1·10 -

MAX. 

-

-

--

-

-

-

-

1.05 

78.75 

100 

90 

UNIT 

JlA 

V 

V 

mA 

mA 

UNIT 

Jls 

JlS 

Jls 

Jls 

Jls 
--

Jls 

Jls 

ms 

ms 

ns 
--

ns 



TMM2464AP/AF 

TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

OO~07 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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OPERATION INFORMATION 

The TMM2464AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TIL level signal to all inputs. In 

~~R) PGM CE 
MODE (27) (20) 

Read H L 
Read Operation 

Output Deselect * * (Ta=0-70'C) 
Standby H * 
Program L L 

Program 
H * Operation Program Inhibit 

H L 
(Ta=25±5'C) 

Program Verify H L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM2464AP / AF has three control func­
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VIL and PGM=VIH, the 
output data is valid at the outpus after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. So two or more 
TMM2464AP/AF can be connected together on a 

. STANDBY'MODE 

The TMM2464AP/AF has a low power standby 
mode controlled by the CE signal. By applying a TIL 
high level to the CE input, the TMM2464AP/AF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode IS to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TM M2464AP / AF from being 
programmed. Programming of two or more 
TMM2464AP/AF in parallel with different data is 

OE 

the read operation mode, a single 5V power supply 
is required and the levels required for all inputs are 
TIL. 

Vpp Vee 0 0 -07 

(22) (1) (28) (11-13,15-19) 
POWER 

L 

H 

* 
* 
* 
H 

L 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access ti me (tACC). 

Assuming that CE=VIL, PGM =VIH and all ad­
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode . 

ating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The verify IS accomplished with OE and CE at VIL 
and PGM- at VIH. 

easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL low 
level program pulse is applied to the CE and PGM of 
the desired device only and TIL high level signal is 
applied to the other devices. 

- \-12 



HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program­
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc= 6V and 
PGM =VIH. The programming is achieved by apply­
ing a single TIL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro­
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then program-

ELECTRIC SIGNATURE M,DOE 

Electnc signature mode allows to read out a code 
from TMM2464APjAF which identifies its manufac­
turer and device type. 

The programming equipment may read out man­
ufacturer code and device code from TM M2464AP j 
AF by using this mode befor8 program operation and 
automatically set program voltage (Vpp) and algor­
ithm. 

Electric signature mode is set up when 12V IS 

med data is verified. This should be repeated until the 
program operates correc~ly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page 1-5) may also be used to reduce the 
programming time further. 

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 panty bit of 
MSB (07). 

The following table shows electric signature of 
TM M2464AP j AF 

I ~::~;;-_______ -":s I A, 0 7 
I 0 6 

I 
Os 0, 0 3 O2 0 1 0 0 HEX 

(19) (18) i (17) (16) (15) (13) (12) ( 11) DATA SIGNATURE (10) 

Manufacture Code i VIL 1 L1=1 0 1 1 0 0 0 98 

Device Code 
I 

VIH 0 0 1 0 0 1 0 52 

Notes: A9 = 12V±0. 5V 
A1-A8, A10-A12, IT, OE=VIL PGM=VIH 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF lmsec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 

- 1-14 -



OUTLINE DRAWINGS (TMM2464AP) 

28 15 

14 

38.0MAX 
1------ .-------

2.54±025 

Unit in mm 

15.24± 025 

I 
I 

I 
1/ 

1..1 + 0.1 
11. 0 .25 - 0.05 

0-15° 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal positson with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

- 1-15 -



OUTLINE DRAWINGS (TMM2464AF) 

28 15 

14 

I I 

~ 

~. 

rl o 
-Ii 
rl 
o 

Unit in mm 

Note: Lead pitch is 1 .27 and tolerance IS ±O. 12 against theoretical center of each lead that IS obtained on the basIs of 
No.1 and No.28 leads. 

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

o April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRO DUC·TS 
TMM24128AP / AF 16,384 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM24128APjAF is a 16,384 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. TMM24128APjAF's 
access time is 200ns, and has low power standby 
mode which reduces the power dissipation without 

FEATURES 

e Single 5 volt power supply 
eFast access time :200ns(Max.) 
e Power dissipation: 1 OOmA(active current) Max. 

30mA(standby current) Max. 
e Low power standby mode CE 
e Output buffer control : OE 
e Full static operation 
e High speed programming mode 

PIN CONNECTION 

VI'P 1 
A12 

A7 

A6 
A5 

Al 
AO 

00 

01 
02 

Vee 
PGM 
A13 

A8 
A9 
All 
OE 
AIO 
CE 
07 

06 

05 
04 

TM M24128AP / AF 

increasing access time. The electrical characteristics 
and programming method are the same as U. V. 
EPROM TMM27128AD's. Once programed, the 
TMM24128APjAF can not be erased because of 
using plastic DIP without transparent window. 

e Single location programming 
e Three state outputs 
elnputs and outputs TIL compatible 
eCompatible with TMM27128AD and MASK ROM 

TMM23128P 
e28 PIN standard plastic package: TMM24128AP 
e 28 PIN flat package TMM24128AF 

BLOCK DIAGRAM 

Vpp GND Vee 00 01 0203040506 07 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

Ala 
All 
Al2 
A13 

03 
MODE SELECTION 

PIN NAMES ~ PGM CE OE Vpp Vee 0 0 -07 POWER 
MOO (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
Active 

Ao-AI3 Address Inputs 

aD-a, Outputs (Inputs) 

Output 

* * H 5V 5V High Impedance 
Deselect 

CE Chip Enable Input Standby * H * High Impedance Standby 

OE Output Enable Input Program L L * Data In 

PGM Program Control Input Program * H * High Impedance 
12.5V 6V Active 

Vpp Program Supply Voltage Inhibit H L H High Impedance 

Vee Vee Supply Voltage (+5V) Program 
H L L Data Out 

GNO Ground Verify 

'" H nr I 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TSOLoER Soldering Temperature· Time 260·10 °C·sec 

TSTRG Storage Temperature -55-150 °C 

TOPR Operating Temperature 0-70 °C 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vee Vee+0.6 V 

D. C. and OPERATING CHARACTERISTICS (Ta=0-70°C, Vee=5V±5%, Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 J1.A 

lee1 Supply Current (Standby) CE=VIH - - 30 mA 

lee2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400J1.A 2.4 - - V 

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 V 

IpP1 Vpp Current Vpp=0-Vee+0.6V - - ±1O J1.A 

!Lo Output Leakage Current VouT=0.4V-Vee - - ±10 J1.A 

- 1-18 -



TMMZ4128:AP/AF 

A. C. CHARACTERISTICS (Ta=0-70C. Vcc=5V±5%, Vpp=2.0V-Vcc+0.6V, Unless otherwise noted) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in Hlgh-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in Hlgh-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TTL Gate and CL=100pF 

10ns Max. 
0.45V to 2.4V 

MIN. 

-

-

-

-

0 

0 

0 

0 

• Timing Measurement Reference Level Inputs O. 8V and 2. OV, Outputs O. 8V and 2. OV 

CAPACITANCE * (Ta=25"C, f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 
f---

COUT Output Capacitance VOUT=OV 

* This parameter IS periodically sampled and IS not 100% tested. 

TIMING WAVEFORMS 

AO-A13 

HIGH Z 
DATA OUTPUTS 

- 1-19 -

MAX. UNIT 

200 ns 

200 ns 

70 ns 

70 ns 

60 ns 

60 ns 

60 ns 

- ns 

MIN. TYP. IMAX. UNIT 
- 4 , 6 pF 

- 8 , 12 pF 

HIGH Z 



HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. 

VIH Input High Voltage 2.0 - Vee+ 1.0 

Vil Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vee=6V±0.25V, Vpp= 12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 
f---

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400J.lA 2.4 - -

VOl Output Low Voltage IOL=2.1mA - - 0.4 

Icc Vee Supply Current - - - 100 
r--. 

IpP2 Vpp Supply Current Vpp= 13 .OV - - 50 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vee=6V±0.25V, Vpp= 12. 5V±0. 5V) 

SYMBOL PARAMETER 

!As Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 

-

CE=VIL 

1 TIL Gate and Cdl OOpF) 
10ns Max. 

0.45V to 2.4V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

2.85 

-

-

Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note: 1. topw depend on the program pulse width which is reguired in the initial program. 
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TYP. MAX. 

- -

- -

- -

- -

- --

- -

- -

1.0 1.05 

3.0 78.75 

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

ns 

ns 



TIMING WAVEFORMS (HIGH SPEED PROGMAM) 

Vpp 
tvs 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

IMM24 I 28AP/Af 

DIN STABLE 

topw 

PROGRAM 

ADDITIONAL PROGRAM 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 
2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 

damage to the device. 
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 

applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4 V. 
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OPERATION INFORMATION 

The TMM24128AP/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) PGM CE 
MODE (27) (20) 

Read H L 
Read Operation 

Output Deselect * * (Ta =0-70·C) 
Standby H * 
Program L L 

Program 
* H 

Operation Program Inhibit 
(Ta=25±5·C) H L 

Program Verify H L 

Note: H; VIH, L; VIL, * ; VIH or VIL 

READ MODE 

The TMM24128AP/AF has three control func­
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE=OE=VLL and PGM=VIH, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. So two or more 
TMM24128AP/AF can be connected together on a 

STANDBY MODE 

The TMM24128AP/AF has a low power standby 
mode controlled by the CE signal. By applying TIL 
high level to the CE input, the TMM24128AP/AF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode IS to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+ 
12.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM24128AP / AF from be­
ing programmed. Programming of two or more 
TMM24128AP/AF in parallel with different data is 

OE 

In the read operation mode, a single 5V power 
supply IS required and the levels required for all 
inputs are TIL. 

Vpp Vee 0 0 -07 

(22) (1) (28) (11-13,15-19) 
POWER 

L 

H 

* 
* 
* 
H 

L 

\-22 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
12.5V 6V 

High Impedance Active 

Data Out Active 

The CE to output valid (teE) IS equal to the address 
access time (tACC). 

Assuming that CE =VLL PGM =VIH and all ad­
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 

ating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent 
of the OE and the PGM inputs. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TIL low 
level program pulse is applied to the CE and PGM of 
the desired device only and TIL high level signal is 
applied to the other devices. 



HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program­
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc= 6V and 
PGM =VIH. The programming is achieved by apply­
ing a single TTL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro­
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro-

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24128AP/AF which identifies its manu­
facturer and device type. 

The programming equipment may read out man­
ufacturer code and device code from 
TMM24128AP/AF by using this mode before pro­
gram operation and automatically set program volt­
age (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 

----------
PINS Ao 0 7 

S I G NA TU R E ------------__________ (10) (19) 

Manufacture Code VIL 1 

Device Code VIH 1 

Nores: A9= 12V±0. 5V 

A1-A8, A10-A13, CE, OE=VIL PGM=VIH 

0 6 

(18) 

0 

1 

TMM24 I 28 APIA F 

grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page 1-5) may also be used to reduce the 
programming time further. 

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 panty with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24128AP/AF. 

Os 0 4 0 3 O2 0 1 0 0 HEX. 

(17) (16) (15) (13) (12) (11) DATA 

0 1 1 0 0 0 98 

0 1 0 0 1 1 03 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 
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OUTLINE DRAWINGS (TMM24128AP) 

1.524± 025 

+ eu II 025_ 0 .05 

TMM24128AP/AF 

Unit in rom 

0-15° 

~~ote: 1. Each lead pitch IS 2. 54mm. All leads are located within O.25rnm 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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OUTLINE DRAWINGS (TMM24128AF) 

28 15 

14 

I 189_MAX. "I 

~ 

I 
~. 
tI) 

N 

rl 
c:i 
+I 
rl 

c:i 

Unit in mrn 

~) r 118±03------1 

2t=~-===>J 
.1 [L5±04 

Note: Lead picth is 1.27 and tolerance is±O.12 against theoretical center of each lead that is obtained on the basIs of 
No.1 and No.28 leads. 

Note: Toshiba does not assume an) responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshibe 
reserves the right, at any time withclut notice, to change said circuitry . 

., April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM24256AP/AF 32,763 WORD X 8 BIT 
ONE TIME PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM24256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic Package. 

The TMM24256AP/AF's access time is 200ns 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 

FEATURES 

• Fast access time: 200ns 
• Low power dissipation 

Active : 100mA 
Standby: 30mA 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 

PIN CONNECTION 

A12 

A4 

A3 

A2 
Al 

AO 

00 
01 

TM M24256AP / AF 

The electrical characteristics and programming 
method are the same as U. V. EPROM 
TMM27256AD's. 

Once programed, the TM M24128AP / AF can not 
be erased because of uSing plastiC DIP without 
transparent window. 

.Inputs and outputs TIL compatible 
• Pin compatible with ROM TC53257P, 

TMM23256P, EPROM TMM27256D/AD and 
TC57256D 

• Standard28 pin DIP plastiC package: TMM24256AP 
• PlastiC Flat Package TMM24256AF 

BLOCK DIAGRAM 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A70-

A8 
A9 

AlD 
All 
Al2 
Al3 
A14 

32.768X8bits 

Vcc 
A14 
A13 
AS 
A9 

All 

OE 
AIO 
CE 
07 

06 
05 
04 
03 MODE SELECTION 

~~ CE OE Vpp Vee 0 0 --0 7 POWER 
MODE (20) (22) (1) (28) (11-13,15-19) 

Read L L Data Out 
Active 

PIN NAMES Output 
H 5V 5V High Impedance * Deselect 

Ao-A" Address Inputs Standby H * High Impedance Standby 
0 0 -0 7 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp Program Supply Voltage 

Vee Vee Supply Vo:tage (+ 5V) 

Program L H 

12516V 
Data In 

Program 
H H High Impedance Active 

Inhibit 

Program 
L Data Out * Verify I 

GND Ground 
1 ______ L..---____ . _____ * H or L 
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~~ cj 0'; , ')'" c,~' 

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 
1------

VOUT Output Voltage -0.6-7.0 V 

PD Power Dissipation 1.5 W 
--t--

TSOLDER Soldering Temperature· Time 260·10 

.C~j --1-----
TSTG. Storage Temperature -55-150 °C 

TOPR. Operating Temperature 0-70 °C 
'---. 

READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN-. -,..- TYP. MAX. : 
I 

------------~+1~--VIH Input High Voltage 2.0 
---

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 
j----._--

Vpp Vpp Power Supply Voltage __ ~~~.-L_~~_ Vee+0.6 I '---____ -1. 

Do C. and OPERATING CHARACTERISTICS (Ta=0-7UC, Vee=5V±5%,) 

-- ~~~~~YP _~~~~~~~~ 
- - -:'-10 pA 

---------.--f--. -1--'---

-- -- 30 mA 
f-----+_-~~-----~----~~~~--------------~-

SYMBOL PARAMETER TEST CONDITION 

III Input Current VIN=O-Vee 

Icel Supply Current (Standby) CE=VIH 

- - 100 mA 
~~~-+-~~~--~--~-----~---~------------------------+----+----+--.-~---

leC2 Supply Current (Active) CE=VIL 

2.4 - - V 
f--------+---------'-------'--------------j----------'-------------------------t-----f--- -.- -.-----

VOH Output High Voltage IOH= -400pA 

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 V 
------------------------------~--~--_4 

IpPl Vpp Current Vpp=0-Vec+0.6V 

ILo Output Leakage Current VouT=0.4V-Vec 
~~~--+---------------------------~--------------------------------+_----+_----+_±-1--01 pA 

±10 T pA 
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A. C. CHARACTERISTICS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

1 TTL Gate and CL == 100pF 
10ns Max 

0.45V to 2.4V 

TMM24256AP I AF 

~r;_ -f MAX. UNIT 

200 

I 
ns 

- 200 ns 
---
- 70 ns 

0 60 ns 
----- --

0 60 ns 
-

0 __ L - ns 

• Timing Measurement Reference Level Inputs U. 8V and 2. OV, Outputs O. 8V and 2. OV 

CAPACITANCE * (Ta=25C, f= 1 MHz) 

PARAMETER TEST CONDITION 

Input Capacitance V':F=OV 
-------------------r-----------------------------------~------1------+----~------~ 

Output Vour=OV 

* ThiS parameter IS periodically sampled and is not 100% tested. 

TIM~NG VVAVEFORMS (READ) 

ACl--A14 

eE 

o 0--<J '7 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 
--,-_._----- -

SYMBOL PARAMETER MIN. TYP M AX. UNIT 
--I---

VIH Input High Voltage 2.0 - Vee 
--

VIL Input Low Voltage -0.3 - O. 

Vee Vee Power Supply Voltage 5.75 6.0 6. 

Vpp Vpp Power Supply Voltage 12.0 12.5 13 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vee=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - -- ±10 

VOH Output High Voltage 10H= -400J.lA 2.4 - -

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 

lee Vee Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp= 13.0V - - 50 

l VIO A9 Auto Select Voltage - 11.5 12.0 12.5 

A. C. PROGRAMMING CHARACTERISTICS (Ta=25±5-C, Vee=6V±0.25V, VPf,==12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tOES OE' Setup Time 

tos Data Setup Time 

tOH Data Hold Time 

tvps Vpp Setup Time 
~ 

tves Vee Setup Time 

tpw Initial Program Pulse V\lIdth 

topw Overprogram Pulse Width 

tOE OE 'LO Output Valid 

tOFP OE to Output in High-Z 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

--

-

-

-

-

CE=VIL, OE=VIH 

Note 1 

CE=VIH 

CE=VIH 

1 TTL Gate and Cdl OOpF) 
10ns Max. 
0.45V to 2.4V 

MIN. 

2 

2 

0 

0 

2 

2 

2 

2 

2 

0.95 

2.85 

-

-

Input O. 8V and 2. OV, Output O. 8V and 2 OV 

TYP. 

-

-

-

-

-

-

-

-

-

1.0 

3.0 

-

-

Note 1: The length of the overprogram pulse may very as a fumction of the counter value X. 
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MAX. 

-

-

-

-

-

-

-

-

--

1.05 

78.75 

150 

130 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

ns 

ns 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

ns 

ns 

--



TMM24256APIAF 

TIMING WAVEFORMS(PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO-14 

00-07 

VPP tvps 

Vee 
tves PROGRAM PROGRAM VERIF'Y 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp= 12. 5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4 V. 
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TMM24256AP/AF 

OPERATION INFORMATION 

The TM M24256AP / AF's SIX operation modes are 
listed in the following table. Mode selection can be 

_______ PIN NAMES(NUMBER) CE 
MODE ---__ ._ (20) 

Read L 
Read Operation 

Output Deselect * (Ta=O'-70'C) 
Standby H 

--f---. 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5'C) 

Program Verifyt!· * 
Note: H; VIH, L; VIL, * ; VIH or VoL 

READ MODE 

The TMM24256AP/AF has two control func­
~ions. 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 outf)ut data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs 
will be In a high impedance state. So two or more 
TMM24256AP/AF's can be connected together on a 

STANDBY MODE 

The TMM2 Ll 256AP/AF has a low power standby 
mode controlierl by the CE signal. By applying a high 
level to the CE input, the TMM24256AP/AF is 
placed in the standby mode which reduce the oper-

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM U+JHIBIT MODE 

Under the condition that the program voltage (+ 
12. 5V) is applied to Vpp terminal, a TIL high level CE 
;nput inhibits the TMM24256AP/AF from being 
programmed. 

Programming of two or more TMM24256AF)/ 
AF's in parallel with different data is easily accom-

OE 
(22) 

L 

H 

* 
H 

H 

L. 

achieved by applying TIL level signal to all inputs. 

Vpp Vee 
I 

0.-0, I I 
(1) (28) (11-13, 15-19) POWER I 

Data Out ACti~3 5V 5V High Impedance Active 

High Impedance I Standby 

Data I n _~tive 
12.5V 6V High Impedance Active I 

Data Out I Active j 

stabilizing of all addresses. 
The CE to output valid (teE) 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. 

common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 

ating current to 30mA from 1 OOmA (about 70% 
reduction) and then the outputs are in a high 
impedance state, independent of the OE inputs. 

:\ 

The verify is accomplished with OE at Vil. and CE at 
V!H or VIL. 

plished. That is, all inputs except for C( and OE may 
be commonly connected, and a TIL low level pro­
gram pulse is applied to the CE of the desired device 
only and TTL high level signal is applied to the other 
devices. 
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HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program­
ming mode when the programming voltage (+ 12. 
5V) is applied to the Vpp terminal with Vcc= 6V. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the CEinput after addresses 
and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

It the programmed data is not correct, another 
program pulse of : ms is applied and then pro-

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24256APjAF which identifies its manu­
facturer and device type. 

The programming equipment may read out man­
ufacturer code and device code from 
TM M24256AP j AF by using this mode before pro­
gram operation and automatically set program volt­
age (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 

TMM24256AP lAF 

grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for Initial programming is 
applied. 

When programming has been completed, the 
data in all addresses shouij be verified with Vcc=Vpp 
=5V. 

The High Speed Program II Algorithm (shown in 
fi~ure 2, page 1-5) may also be used to reduce the 
programming time further. 

applied to address line A9 and the rE;st of address 
lines is set to VIL in read operation. Data output in 
this conditions is mandacturer 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 
TMM24256APjAF. 

r=====--_____ PINS AD. 0 7 ~ 05 I O. I' 03 I 02l 0 1 I 0 0 IHEXl 
I SIGNATU R E ----------__ _( 1_0_)_-+-_(_1_9)--+ __ ((_11_ 88_)} -+-1_ ((_1 __ 7)_ J~16) -,-~15)-JI·J20~iil·~02) li~Oll I D~A:Tj 
II Manufactuce Code V" 1 0 I 0 -1 
. DeVice Code V,H ° I 1 I ._0 __ -'-_1 __ 1'--__ 0_-<1 ___ 1_-+1 __ 0_ ...... 1_._0_ 

NotE.S: A9 = 12V±0. 5V 

A 1 -A8, A 1 O-A 14, CE. OE=V'L 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF' Ims ec 
OR ONE PULSE OF' 3X msec DURATION 

NO 
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OUTLINE DRAWINGS (TMM24256AP) 

1234567 9 10 11 12 13 14 

~ 
37.4MAX. I 

~.- . -----+------..1 ~ 

1 1.4 L 0.15 

0.5±0.15 

2.54±O.25 

TMM24256AP I AF 

Unit in mrn 

+01 
0.25 - 0.05 

17.4MAX. 

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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OUTLINE DRAWINGS (TMM24256AF) 

28 15 

Unit in mm 

x' 
~ 
q 

~ 
14 

Note: Lead picHI is 1 .27 and tolerance is±O. 1 2 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 leads. 

Note: Toshiba does not aseume any responsibility for use of any circuitry described: no circuit ps~ent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry . 

., April, 1987 Toshiba Corporation 
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TOSHIBAMOS MEMORY PRODUCTS 
TMM24256BP/BF 32,763 WORD X8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY TMM24256BP/BF-17/20 
SiLICON STACKED GATE MOS 

PRELIMINARY 

DESCRIPTION 

The TMM24256BP/BF is a 32,768 word x 8 bit one 
time programmable read only memory and molded in a 
28 pin plastic Package. 

The electrical char'acteristics and programm ing method 
are the same as U. V. EPROM TMM27256BD's. 

Once programed, the TMM24256BP/BF can not be 
erased because of using plastic DIP without transparent 
window. 

The TMM24256BP/BF's access time is 170ns/200ns, 
and has low power standby mode IJvflic~ reduces the 
power dissipation Vvitholjl increasing ,j 'cess iime. 

FEATURES 

e Fast access tirne 170ns, 200ns 
e Low power dissipation 

.Active 100mA 
Standby. 30mA 

c Single 5V power supply 

PIN CONNECTION (TOP VIEW} 

vee 
Al4 

Al3 

A8 
A9 
All 

OE 
AlO 

Al CE 
AO 07 
00 06 
01 05 
02 04. 

GND 03 

PIN NAMES 
-~ 

AO - A14 Address Inputs 

00 - 0 7 Outputs (I nputs) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp Program Supply Voltage 

Vcc Power Supply Voltage 
(+5V) 

GND Ground 

• f'~u: ;'!C oper3~;on 

• High speed progr2rTlmilig nlorl(~ I, II 
• Inputs and outputs TTL cornpCllibie 
• Pin compatible with ROflJ1 TC532!::.l7P, TiJlM23256P, 

EPROM TMM27256D/AD/BD and TC57256D/AD 
• Standard 28 pin DIP plastic package: TfViM24256BP 
• Plastic Flat Package : TMM24256BF 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4. 
AS 
A6 
A7 

A8 
A9 

AlO 
All 
Al2 
A13 
Al4. 

MODE SE LECTION 
---------------

Vpp GND vee 00 01 02 0:3 04. 05 Cfj ~ 

i 

32.768X8bitfl 

PIN CE OE V V 
(28) 

00 - 07 POWER 
MODE (20) (22) (1) (11-13,15-19) 

Read L L Data Out 
Output Deselect H 5V 5V r---H-ig-h-I-IT-1P-e-d-an-c-e--t Active 

Standby ---t-.,-,H-t--::----1 High Impedance Standby 
r----------------+----+---~-----+----_+--

r---P_ro_g_r_am ____ -+_L_+-_H-112.5V 1) 6V 1) r---D_a_ta_l_n ____ -t 

r---P_ro_g_r_am_l_n_hi_b_it_-+_H_+-_H-112.75V2) 6.25V2) High Impedance Active 

~P_ro~g~r_am __ V_e_r_ify~ __ ~ __ ~ __ L __ L-____ ~ ____ ~D_ataOut 

* H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE II 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM24512P/F 65,536 WORD x8 BIT ONE TIME PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS TMM24512P/F 

DESCRIPTION 

The TMM24512P/F is a 65,536 word x 8 bit one time 
programmable read only memory, and molded in a 28 pin 
plastic package. The TMM24512P/F's access time is 
250ns, and has low power standby mode wh ich reduces 
the power dissipation without increasing Jccess time. The 

FEATURES 

• Fa·;t acces~. mile c :':;CJi":s 
41» Low power dissipation 

Active 120mA 
Standby: 35mA 

• Single 5V power supply 
• Full static operation 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

A15 

A12 
A7 

A6 
A5 

AO 

00 

01 
02 

GND 

I 
----.--.-----, 

f-.:-~A15 Address Inputs 

I 00 ~ 07 Outputs (Inputs) 

tfE -- I chip Enable Input 

[

I DEN:: I ~~~~el/ ~~~)g;la .. :n 
____ ... Inp_u_t __ .. \I .. ()It~CJPJ 

' I Power Suppl'l 
I vee i Voltage (+5V) 
,---.... - ----l-.. ----.. ..-
I GI'\JD 1 Ground I 

CC 
14 

electrical characteristics and programming method are the 
same as U. V. EPROM TMM27512D's. Once programmed, 
the TMM24512P/F can not be erased because of using 
plastic DIP without transparent window. 

III hl~;I" ,,'reel ')rogramming mode 

• !. c,:tputs TT L compatible 
• Pin c(;:l~atibievvith TMM27512D 
• Stallcaro 28 pin DIP plastic package: TMM24512P 
• Plastic; f~lat Package TMM24512F 

BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 

Vpp OND vee 

65,536X8bl ts 



~t",YMJ:r~Tt~;( 
SYMB~ 

vee Po 

ITEM RATING UNIT 

wer Supply Voltage -0.6'" 7.0 V I 
Vpp Pr ogram Supply Voltage -0.6'" 14.0 V 

VIN In put Voltage -0.6'" 7.0 V 

VI/O In put/Output Voltage -0.6'" 7.0 V 

Po Po wer Dissipation 1.0/0.6* W 

TSOLOER So Idering Temperature· Time 260·10 °c . sec 

TSTG St orage Temperature -55'" 150 °c 
TO~R Op 

"::----
erating Temperature 0'" 70 °c 

__ L-_ 

* : Plastic Flat Package 

Rr:~.DO.ERATION·:: 

D.C •. .RECOMIVf fE~D~Q.9'!'~R'~l'l~~ \~Q~~f;J' .• Q~8·;; 
SYMBOL PARMilETER MIN. I TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee + 1.0 

VIL Input Low Voltage --0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 

MIN. TYP. MAX. UNIT SYMBOL PARAMETER I CONDITION 

I LI Input Cu rrent _________ +--::V=IN'---=_O_"'_V-'e-"-e ____ --+-__ -_-+-__ -_-+-__ ~r_-~ 
lee1 Supply Current (Standby) CE = ViH _ _ 35 mA 

~-le-e-2--__ ~S-u~p~p-'ly-C-u-r-re_n-t-(-A-c-t-iv-e-)--"-_______ r-__ C_E_= __ V_I~L~ _____ ~----·-+_ ___ -___+~~~.--m-A---
VOH Output High Voltage 10H = -400fJ,A 2.4 - I - V 

VOL Output Low Voltage 10L = 2.1 mA 
~----+----

IpP1 Vpp Current VPP == 0'" Vee + 0.6V 

I LO Output Leakage Current Vour= O.4V ~ Vee 

- !-40 -

0.4 

±10 

±10 

V 

fJ,A 

fJ,A 



A.C. CHARACTERISTICS (Ta = 0 - 70°C, vee = 5V ± 5%) 

SYMBOL 

tACC 

PARAMETER 

Address Access Time 

T EST CONDITION 

I---->.t .... -__ .-+-_C_E to Outpu t Val id_ ___ _ ______ j----

C 

o 
C tQ~_.___ OE to Output Vali_d __________ + 

tOF1 IT to Output in High-Z 0 

tOF2 bE to Output in High-Z C 
----- -------------------

tOH Output Data in Hold Time C 

A.C. TEST CONDITIONS 

E=OE=ooVIL 

E = VIL 

E = VIL 

E = VIL 

E = VIL 

E = OE = VIL 

• Output Load : 1 TT L Gate and CL = 100pF 
'. Input Pu Ise Rise and Fall Times : 10ns Max. 
• Input Pu Ise Levels : 0.45V ~ 2.4 V 

TMM24512P/F 

.. _--

MIN. TYP. UNIT 

- 250 

- 250 

- 100 
ns 

0 90 

0 90 
--_. 

0 - ~-

• Timing Measurement Reference Level: Inpu ts O.8V and 2.0V, Outputs O.8V and 2.0V 

CAPACITANCE * (Ta == 25°C, f = 1 MHz) 

I SYMBOL PARAMETER 

~-~~~-- Input C-;pacltance 

I CI~2 -~E!Vpp Input Capacitance 

[~OUT I Output Capac_it_a_llc_~e ___ _ 

~TEST CONDITION MIN. I 
--,------

TYP. MJ\X. UNIT 

--=--~ 
f------

I VIN = OV 6 

i 

V 1N = OV 60 pF 
--

VOUT= OV - I 8 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

HIGH Z 
DATA OtJI'PUTB 
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PROGRAM OPERATION 

;~:~\~~;,R§~MM~;I~.At{~~~'1'!!t';i:~EA~~1J~~~ 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee + 1.0 

VIL Input Low Voltage -0.3 - 0.8 
V 

Vee Vee Power Supply Voltage 5.75 6.0 6.25 

Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
-

III Input Current VIN = 0"" Vee - - ±10 J,lA -
VOH Output High Voltage IOH= -400J,lA 2.4 - - V 

VOL Output Low Voltage IOL = 2.1mA - - 0.4 V 

Icc Vee Supply Current - - - 120 mA 

IpP2 Vpp Supply Current Vpp = 13.0V - - 50 mA 
-~ 

_. 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - J,ls 

tAH Address Hold Time - 2 - - J,ls 

tOES OE/Vpp Setup Time - 2 - - J,lS 

tOEH OE/Vpp Hold Time - 2 - - J,ls 

tpRT OE/Vpp Pulse Rise Time - 50 - - ns 

tos Data Setup Time - 2 - - J,ls --
tOH Data Hold Time - 2 - - JJ,s 

r---
tVR OE/Vpp Recovery Time - 2 - - J,ls 

tves Vee Setup Time - 2 - - J,ls 
-t-- --

tpw Initial Program Pulse Width CE = VIL , OE/Vpp = Vpp 0.95 ~o 1.05 ms 

topw Overprogram Pulse Width Note 1 2.85 -r~O I 78.75 ms 
f-----. - -=---r-- 1 tov Data Val id from CE OE/Vpp =- VI L J,ls 

tOF CE to Output in High-Z OE/Vpp = VIL - -±Eo ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (100pF) 
• Input Pulse Rise and Fall Times 10ns Max. 
• Input Pulse Levels 0.45V"" 2.4V 
• Timing Measurement Reference Level: Input O.8V and 2.0V, Output O.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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TMM24512P/F 

TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

(Vee = 6V ± O.25V, V pp = 12.5V ± O.5V) 

AD -A15 x K= 
~~ 

I tVR tAH 

/ topw 

tpRT tOES ~ 

V \ 
tDS tDH tDV tDF 

t---
00 -07 J r\. ) 

DOUT VALID r\. DIN STABLE 
\ ~ \ V 

Vee 
tvcs 

r PROGRAM PROGRAM VERI FY 

NOTE 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after 
Vpp . 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may 
cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage 
over 14V should not be applied to the Vpp terminal. When the switching pulse voltage is 
applied to the Vpp terminal, the overshoot voltage of its pulse should not be exceeded 
14V. 
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The TMM24512P/F's six operation modes are 

CE 

MODE (20) 

Read L 
Read Operation 

Output Deselect * 
(Ta = 0"'" 70°C) 

Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta = 25 ± 5°C) 

Program Verify L 

The TMM24512P/F 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 
ot 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 
output valid (tCE) is equal to the address access time 
(tAcc). Assuming that CE = V 1L and all addresses are 
valid, the output data is valid at the outputs after tOE 
from the falling edge of OE. 

.1{'.~WliR __ ~'~~ 
Assu~in'g that CE = VIH or OE = VIH , the outputs 

will be in a high impedance state. So two or more 
TMM24512P/F'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. 

The TMM24512P/F has a low power standby mode 
controlled by the CE signal. By applying a high level 
to the CE input, the TMM24512P/F is placed in the 
standby mode which reduce the operating current to 
35mA from 120mA (about 70% reduction) by 
applying TTL high level and then the outputs are~ 
a high impedance state, independent of the OE 
inputs. 

Initially, when received by customers, all bits of 
the TMM24512P/F are in the "1" state which is 
erased state. Therefore the program operation is to 
introduce "0" data into the desired bit locations by 
electrically programming. The TMM24512P/F is in 
the programming mode when the OE/Vpp input 
is at 12.5V and CE is at TTL-Low level. The 
TMM24512P/F can be programmed any location at 
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listed in the following table. Mode selection can bE 
achieved by applying TTL level signal to all inputs. 

OE/Vpp vcc 00'" 07 
POWER 

(22) (28) (11 '" 13, 15'" 19) 

L Data Out 
Active 

H 5V High Impedance 

" High Impedance Standby 

Vpp Data In 

Vpp 6V High Impedance Active 

L Data Out 

anytime either individually, sequentially, or at 
random. 

~PJJ'~~':' ~rt"flr~~IQt:j 
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 V 1L . 

Under the condition that the program voltage 
(+12.5V) is applied to Vpp terminal, a TTL high level 
CE input inhibits the TMM24512P/F from being 
programmed. Programm ing of two or more 
TMM24512P/F'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 appl ied to the CE of the 
desired device only and TTL high level signal is 
appl ied to the other devices. 

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 appl ied to the 
Vpp terminal with Vcc = 6V. The programming is 
achieved by applying a single TTL low level 1 ms pulse 
to the CE input after 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 pu Ise of 1 ms is appl ied 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 PROGRAM MODE FLOW CHART 

I A.DDRESS= 
NEXT _ ADDFESS 

OVERPROGRAlA 3X P:JLSES OF Imse c 
lOR ONE PULSE OF 3X msec DURATION 

L,~ NO 
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;,:I&'Eer~QSI~,"'~lrURe~)MQ~E;l:; 
Electric signature mode allows to read out a code 

from TMM24512P/F wh ich identifies its manufac­
turer and device type. 

The programming equipment may read out manu­
facturer code and device code from TMM24512P/F 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algo­
rithm. 

~ AO 07 06 05 

SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 
Device Code VIH 0 0 0 

Notes. A9 - 12V ± 0.5V 
A1 '" A8, A10 ~ A15, CE, OE = VIL 

1 

Electric Signature mode is set up when 12V is 
appl ied 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 V 1H . These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24512P/F. 

04 03 02 01 00 HEX. 
(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 98 
1 0 1 0 1 15 

Unit in nnn 

14 

:3 8.0 MAX I I 1 5.2 4 ± 0.2 5 

~~~~-.j ~l /H--" ----N 

Z 
H 
:=;; 
N 
t':i 

0.5:0.15 

1.4 ± 0.15 

2.5 4± 0.2 5 

~/I 
u 

II 
+0.1 

0.25 - 0.0 5 

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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OUTLINE DRAWINGS (TMM24512F) 

28 15 

14 

><. 
~ 
o 
oj 

TMM24512P/F 

Unit in nun 

21 11B.O.' I 

~~lr< ~ I 1.1--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 MOSMEMORY PRODUCTS 
TMM24512AP/AF 65.536 WORDX8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY TMM24512AP/AF-20/25 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM24512AP/AF is a 65,536 word x 8 bit one 
time programmable read only memory and molded in a 
28 pin plastic Package. The TMM24512AP/ 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 programm­
ing method are the same as U. V. EPROM TMM27512 
AD's. Once programmed, the TMM24512AP/AF can not 
be erased because of using plastic DIP without transparent 
window. 

FEATURES 

• Fast access time: 200ns, 250ns 
• L.olN power dissipation 

Active: 120mA 
Standby: 35mA 

• Single 5V power supply 

PIN CONNECTION (TOP VIEW} 

A7 

Ao 
A5 

AO 

00 

01 

02 
GND 

PIN NAMES 

AO~ A15 

00 ~ 07 

CE 

OE/Vpp 

Vcc 

GND 

Address Inputs 

Outputs (I nputs) 

Ch ip Enable Input 

OctP"! Enable Program 
I Supply 
nput Voltage 

Power Supply Voltage 
(+5V) 

Ground 

• Full static operation 
• High speed programming mode I, II 
G I nputs and outputs TTL compatible 
-- Pin compatible with TMM27512D/AD 
• Standard 28 pi n DIP plastic package : TMM24512AP 
(\I Plastic F!at Package : TMM24512AF 

BLOCK DIAGRAM 

Vpp Ot-iD vee 

AO 
Al 

A2 
A3 
A4. 
A5 
A5 
A7 
AS 
A9 

AIO 
All 
A12 
A13 
Al 4. 
A15 

MODE SELECTION 

~ MODE 

Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

I Program Verify 

OE OE/Vpp 
(20) (22) 

L L 
.. H 

H .. 
L Vpp 

H Vpp 

L L 

55,536X8bl ts 

vee 00-07 
(28) (11 ~ 13, 15~ 19) 

Data Out 

5V High Impedance 

High Impedance 

6V1) 
Data In 

6.25V2) 
High Impedance 

Data Out 

": H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE 1/ 
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POWER 

Active 

Standby 

Active 
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TOSHIBAMOS MEMORY PRODUCTS 
32,768 WORD X 8 BIT CMOS ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE CMOS 

DESCRIPTION 

The TC54256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic package. 

The TC54256AP / AF's access time is 200ns, and 
has low power standby mode which reduces the 
power dissipation without Increasing access time. 

FEATURES 

• Peripheral circuit 
Memory cell 

: CMOS 
: N-MOS 

• Low power dissipation 
Active : 30mA/5MHz 
Standby: 100J.lA 

• Fast access time : 200ns 
• Program voltage : 12. 5V 
• Single 5V power supply 

PIN CONNECTION 

Vcc 
AI4 

A7 A13 
A6 AS 
As A9 
A4 A1I 

A3 OE 

AIO 
AI CE 
Ao 0, 

00 06 
01 Os 

TC54256AP / AF 

The electrical characteristics and programming 
method are the same as U. V. EPROM TC57256AD's. 

Once programmed, the TC54256AP/AF can not be 
erased because of using plastic DIP without trans­
parent window. 

• Full static operation 
• High speed programming mode 
.Inputs and outputs TIL compatible 
• Pin compatible with ROM TC53257P, 

TMM23256P EPROM TMM27256D/AD and 
TC57256D/AD 

• TC54256AP: 28PI N standard plastic package 
.TC54256AF: 28PIN flat package 

BLOCK DIAGRAM 
Vpp GND Vee 00 01 02 03 04 05 06 07 

02 04 MODE SELECTION 
GND 03 

~~ PIN CE OE Vpp Ve~Oo-07 POWER MOD~~ (20) (22) (1) (28) (11-13,15-19) 

Read L L Data Out 

Output Active 

* H 5V 5V High Impedance 
Deselect 

PIN NAMES 

Ao-A" Address Inputs Standby H * High Impedance Standby 

OO~O7 Outputs (Inputs) Program L H Data In 

Program 
H H 12.5V 6V High Impedance Active 

Inhibit 

CE Chip Enable Input 
}----' 

OE Output Enable Input 

Vpp Program Supply Voltage Program 

* L Data Out 
Vee Power Supply Voltage (+5V) Verify 

GND Ground * H or L 
_ .. _- - --
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r1AX I MUr4 RAT I NGS 
SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.6'V 7.0 V 

VPP Program Supply Voltage -0.6'V 14.0 V 

VIN Input Voltage -0.6'V 7.0 V 

VI/O Input/Output Voltage -0 . 6 'V V ce+O • 5 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260 • 10 °c • sec 

TSTRG Storage Temperature -65 'V 125 °c 

TOPR Operating Temperature -40 'V 85 °e 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYHBOL PARAMETER MIN. TYP. HAX. UNIT 

VIR Input Ri'gh Voltage 2.2 - Vec+O·3 

VIL Input Low Voltage -0.3 - 0.8 
V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 

Vpp VPP Power Supply Voltage VCC--0.6 VCC VCc+O·6 

D. C. and OPERATING CHARACTERISTICS (Ta=·-40'V 85°C VeC=5V+ 5%) , -
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ILl Input Current VIN==OV 'V V CC - - ±lO llA 

ICCOI f=6.7MHz - - 30 
Operating Current CE=OV rnA 

Ice02 f=lMHz - - 10 

ICCSI CE=VIH - - 1 rnA 
Standby Current 

CE=VCC-0.2V ICCS2 - - 100 llA 

VOH Output High Voltage IOH=-4OO11A 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

IpPl VPP Current Vpp=VCC±0.6V - - ±10 llA 

ILO Output Leakage Current VOUT=0.4V'V VCC - - ±10 llA 
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A.C. CHARACTERISTICS (Ta=-40"u85°C, VCC=5V±5%, Vpp=Vcc±0.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDFl CE to Output in High-Z 

tDF2 DE to Output in Righ-Z 

tOR Output Data in Hold Time 

A.C. TEST CONDITIONS 
• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

TEST CONDITION MIN. 

CE=OE=VIL -
OE=VIL -
CE=V1L -
OE=V1L 0 

CE=V1L 0 

CE=OE==VIL 0 

1 TTL Gate and CL=IOOpF 

IOns Max. 

0.45V"u 2.4V 

TC54256AP/AF 

MAX. UNIT 

200 

200 

70 
ns 

60 

60 

-

• Timing Measurement Reference Level Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE .'. (Ta=25 °c, f=lMHz) 

SYHBOL PARAHETER TEST CONDITION MIN. TYP. HAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 

COUT Output Capacitance VOUT=OV 8 12 
pF 

-

~': This parameter is periodically sampled and is not 100% tested. 

TIMI~G WAVEFORMS (READ) 

00- 07 _. __ --:;H.;:;,;IG::...:Hc:-..=Z:--_--< DATA OUTPUTS 
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.TC~4~~~A'1 AF 
PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.2 - VCC+1.0 

VIL Input Low Voltage -0.3 - 0.8 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 

Vpp VPP Power Supply Voltage 12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

ILl Input Current VIN=O rv VCC - - ±10 

VOH Output High Voltage IOH=-400~A 2.4 - -
VOL Oiltput Low Voltage IOL=2.1rnA - - 0.4 

ICC VCC Supply Current - - - 40 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 
VID A9 Auto Select Voltage - 11.5 12.0 12.5 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tDS Data Setup TiLle 

tDH Data Hold Time 
tvps Vpp Setup Time 

tvcs VCC Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tOE OE to Output Valid 
t DFP OE to Output in High-Z 

A.C. TEST CONDITIONS 
• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 

TEST CONDITION MIN. 

- 2 

- 2 

- 0 

- 0 

- 2 

- 2 

- 2 

- 2 

- 2 

CE=VIL, OE=VIH 0.95 

Note 1 2.85 

CE=VIH -
CE=VIH -

1 TTL Gate and CL (100pF) 
IOns Max. 
0.45Vrv 2.4V 

TYP. MAX. 

- -
- -
- -
- -
- -
- -
- -
- -

- -
1 1.05 

3 78.75 

- 150 

- 130 

UNIT 

V 

UNIT 

~A 

V 

V 

rnA 

rnA 

V 

UNIT 

~s 

~s 

ns 

ns 

Il s 

~s 

~s 

Il s 

~s 

ms 

ms 

ns 

ns 

• Timing Measurement Reference Level Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value x. 
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TC54Z56AP/AF 

THlING WAVEFORMS (PROGRAM) 

(Vee=6V±O.25V, Vpp=12.5V±O.5V) 

AO-14 x K= 
~C ~ 

toPW V I'( x x x'Y~ 
tCEH I V"""¥ Xx \ x \ xVy tCES 

't )( x xy 
r-

~ tDFP 

\ 
tDS tDH tOE 

00-07 1" DIN STABLE I\c I~ 
DOUT VALID ~ 

V \ / 

V~p tvps 
I 

I 

Vcc tvcs PROGRAM PROGRAM VERIFY 
I 

Note 1. Vee must be applied simultan'eously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 

with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to l4V for program operation. 

So the voltage over l4V should not be applied to the Vpp terminal. 

VJhen 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 
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 Vce 00 'V 07 PO\vER 
MODE (20) (22) (1) (28) (11 'V 13, 15 'V 19) 

Read L L Data Out 
Read Operation Active 

Output Deselect * H 5V 5V High Impedance 
(Ta=-40'V 85°C) 

Standby H * High Impedance Standby 

Program L H Data In 
Program Operation --
(Ta=25±5°C) Program Inhibit H H l2.5V 6V High Impedance Active 

Program Verify ,,;'c L Data Out 

Note: H; VIH • 1; VIL • *; VIH or VIL 

READ MODE 
The TC54256AP/AF has two control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. 
The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=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. 

OUTPUT DESELECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 
So two or more TC54256AP/AF's can be connected together on a cornman bus line. 
Hhen CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY r,10DE 
The TC54256AP / AF has a low pm-ler 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 Hhich reduce the operating current to IOO~A by applying MaS-high level (VCe) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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TC54256AP/AF 

PROGRAM ~10DE 

Initially, when received by customers, all bits of the TC54256AP/AF are in 
the "1" state which is erased state. 
Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 
The TC54256AP/AF is in the programming mode when the Vpp input is at 12.SV and CE is 
at TTL-Low level under OE=VIR. 
The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at VIL and CE at VIR or VIL. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TC54256AP/AF from being progra~~ed. 
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. 

HIGH SPEED PROGRAMMING t·10DE 

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 \vi th 
width of 3 times more than that needed for initial progra~~ing is applied. 
When progra~~ing has been completed, the data in all addresses should be verified 
with VCC=Vpp=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

NG 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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TC54258AP/AF 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 

identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC54256AP/AF by using this mode before program operation and automatically set 

program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 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 MSB 

(07). The following table shows electric signature of TC54256AP/AF. 

~ AO 07 06 05 04 I 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 "u AS, AlO "u A14, CE, OE=VIL 
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OUTLINE DRAWINGS (TC54256AP) 

28 15 

14 

38.0 MAX. 

" u 

Unit in mm 

15.24 ± 0.25 

+ 0.1 J I 0.25 - 0.0 5 

Note 1. Each lead pitch is 2.54mm. All leads are located within O.2Smm of 

their true longitudinal position with respect No.1 and No.28 leads. 

2. This value is measured at the end of·leads. 

3. All dimensions are in millimeters. 
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TC54256AP/AF 

OUTLINE DRAWINGS (TC54256AF) 

28 15 Unit in mrn 

LTIlfOUlTUlrUlJ i! II U ~----
14 

1 

18.9MAX. I~~' 2l. 11.8=0.3 

1 ~ ~ r--- -------II 
~-=:t 2 -LY<-~ 
J~~ J-1~- ~I 1·1 1;5±0, 

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoretical 

center of each lead that is obtained on the basis of No.1 and 

No.28 leads. 
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Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C May, 1986 Toshiba Corporation 
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TOSHIBA·MDSMEMOBYPRODUCTS 
131,072 WORDX8 BIT CMOS ONE TIME PROGRAMMABLE 
READ ONLY MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TC541000P/TC541001P is a 131,072 word x 8 
bit one time programmable read only memory, and 
molded in a 32 pin plastic package. 

The TC541000P/TC541001P's access time is 200ns/ 
250ns and has low power standby mode which reduces 
the power dissipation withGU t 'r::'~",ying aCLess time The 

FEATURES 

.. Peripheral circuit: CMOS 
Memory cell N-MOS 

• Fast access Time 
TC541 000P-20/TC541 001 P-20: 200ns 
TC541000P-25/TC541 001 P-25: 250ns 

• Low power dissipation 
Active 30mA/5.0MHz 
Standby: 100J1A (Ta = 85°C) 

• Single 5V power supply 

PIN CONNECTION (TOP VIEW) 

TC541000P-20,TC541000P-25 
TC541 001 P-20, TC541 001 P-25 

electrical characteristics and programming method are 
the same as U.V. EPROM TC571 000D/TC571 001D's. 
Once programed, the TC541 OOOP /TC541 001 P can not 
be erased because of using plastic DIP without 
transparent window. 

,. Wide operating cemperature range: -40 ~ 85°C 
,. Full static operation 
• High speed programming operation: tpw O.lms 
• Input and output TTL compatible 
• JEDEC standard 32 pin: TC541000P 
• 1M MROM compatible: TC541001P 
• Standard 32 pin DIP plastic package 

PIN NAMES 

vpp 1 

W 
(Reference) 

AO~ A16 

00- 07 

Add ress I nP._u_ts ___ --1 

Output (I nputs) 
vpp 1 

A16 
A15 
A12 

VC~ 

~ 
NC 

Al4. 
A13 

A8 
A9 

All 
~ 

A.l5 

vce 
Pm:I 
NC 

.1.14-

A13 
A8 
A'::J 

All 
AlO 

AI0 

A15 '/CC Chip Enable Input 

""7 
Ao 
A5 

A3 

A2 
Al 
AO 

DO 
D1 
D2 

CHID 

TC541000P 

AI0 

D7 

D6 

D5 

D4. 

D3 

A7 

Ao 
A5 

A .. 
A3 

A2 
Ai 
AO 
DO 
Dl 
D2 

QND 

TC541001P 

D7 

D8 

D5 

D4. 

D3 

A12 
A7 

Ao 
A5 

A2 

Al 
AO 
DO 
Dl 
D2 

GND 

A 1 ... 
A13 
Ad 
A9 

All 
A15 

AI0 

D7 

D6 

D5 

D4. 

D3 

(1M :1ask ROM) 
TC531000P 
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Output Enable Input 
--------------" 

PGM 

VCC 

Program Control Input 

Power Supply Voltage 
f--------+--

Vpp Program Supply Voltage 

I GNO Ground 

t I'JC -= __ No Co~~~tion _ 



BLOCK DIAGRAM 

Vpp GND vee; 00 01 02 03 04. 05 06 07 

or __ r-~----~--~~ 
rr 

PGM -O--,---------r--' 

AO 
1..1 
1..2 
A3 
At. 
1..5 
A6 
A':" 
A8 
A9 

1..10 
All 
AlZ 
A13 
Al4. 
A15 
A16 

MODE SE LECTION 
_____________ PIN ,--

-------------------
PGM MODE -_______________ 
-. 

Read H 

Output Deselect * 

Standby * 
t--------------. 

Program L 

* 
Program I nh ibit 

H 

Program Verify H 

* : H or L 

MAXIMUM RATINGS 

SYMBOL 

VCC Power Supply Voltage 

VPP Program Supply Voltage 

VIN Input Voltage 

VI/O I npLit/Output Voltage 

PD Power Dissipation 

CE 

L 

* 

H 

L 

H 

L 

L 

ITEM 

TSOLDER Soldering Temperature - Time 

TSTRG Storage Temperatu re 

TOPR Operating Temperature 

ARRAY 
131,072 x 8 b1 t8 

OE V 

L 

H 5 

I PP _-f----_V_c_c __ -+ ___ 
O
_
O ~ 07 _--I-_P_O_Vv_'E R I 

Data Out I 
V ___ -t--_A_ct_iv_e ____ 1 5V High Impedance 

* 
----
H 

* 
12. 75V 

H 

L 

-- ----
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_-t __ H_igh I mpedance _~_~~~.9~y ___ ~ 

~_ataln_ ~j 
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 + 0.5 V 

1.5 W 

260-10 °C-sec 

-65 ~ 125 °c 

-40 ~ 85 °c 



TC541080P .. 20, TC541800P-25 
TC541 DOl P .. 20, TC541 DOl P-25 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

V 1H Input High Voltage 2.2 - Vee + 0.3 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 

~P Vpp Power Supply Voltage Vee - 0.6 Vee Vee + 0.6 

D.C. AND OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vee = 5V ± 5%) 
_._---

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 
-. 

III Input Cu rrent V1N = 0 ~ Vee - - ±10 

lee01 CE = OV I f = 5.0 MHz - - 30 
Operating Current 

lOUT = 0 mA I f = 1 MHz lee02 - - 10 

leeS1 CE = V 1H - - 1 
Standby Cu rrent 

leeS2 CE = Vee -- 0.2V - - 100 

VOH Output High Voltage IOH = -400/J.A 2.4 - -\_. 
VOL Output Low Voltage IOL = 2.1 mA - - 0.4 

IpP1 Vpp Current Vpp = Vee ± 0.6V i - - ±10 

I LO Output Leakage Current VOUT = O.4V ~ Vee - -
I 

10 I. 
--~-

A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vee = 5V ± 5%, Vpp = Vee ± 0.6V) 
--

TC541000P-20/ I 
SYMBOL 

I 

PARAMETER TC541 001 P-20 

tAee I Address Access Time 

teE i CE to Output Valid 

tOE OE to Output Valid 

tpGM PGM to Output Valid 

t CE to Output in High-Z tOF1 

i tOF2 OE to Output in High-Z 

t OF3 PGM to Output in High-Z 

G; I Output Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
I nput Pulse Rise and Fall Times 
In pu t Pu Ise Levels 
Timing Measurement Reference Level 

MIN. 

-- -

1 TTL Gate and CL == 100pF 
10ns Max. 
0.45V and 2.4 V 

-

-

-

-

0 

0 

0 

0 

MAX. 

200 

200 

70 

70 

60 

60 

60 

I -

Inputs O.8V and 2.2V Outputs O.8V and 2.0V 
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,..--------

TC541000P-25/ 
TC541 001 P-25 

MIN. MAX. 

- 250 

- 250 

- 100 

- 100 

0 90 

0 90 

0 90 

0 -

UNIT 

V 

J 
UNIT 

fJA 

mA 

mA 

fJA 

V 

V 

fJA 

fJA 

UNIT 

ns 



';<-" "< 
O~':~~::« <s~:c ~~;, >; 

CAPACITANCE * (Ta == 25°C, f == 1 MHz) 
- . ------------------ -~ - --- - ---- -----~r_.-----_____.---___,_--___,_--___, 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
r--------------t----- ------- -----.--~-I___--- --- --- ------~ ---~~_t--__+--__+--__1 

CIN Input Capacitance VIN == OV 4 8 

COUT Output Capacitance VOUT == OV 10 12 
pF 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

EIGH Z 
00 - 07 ----------<, 
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TC541000P-20, TC541000P.25 
TC54~1001P"20, TC541001P.25 

HIGH SPEED PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

V 1H Input High Voltage 2.2 - Vee +1.0 

VIL Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 6.00 6.25 6.50 

VPp Vpp Power Supply Voltage 12.50 12.75 13.00 

D.C. AND OPERATING CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 6.25 ± 0.25V, Vpp = 12.75 ± 0.25V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current V1N = 0 ~ Vee - - ±10 

V OH Output High Voltage IOH = -400 J.lA 2.4 - -

VOL Output Low Voltage IOL = 2.1 mA - - 0.4 

lee Vee Supply Current - - - 30 

IpP2 Vpp Supply Current Vpp = 13.0V - - 50 

V 10 A9 Auto Select Voltage - 11.5 12.0 12.5 

A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 6.25 ± 0.25V, Vpp = 12.75 ± 0.25V) 

SYMBOL PARAMETER 

tAs Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pu Ise Width 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A.C. TEST CONDITIONS 

• Output Load 
• I nput Pulse Rise and Fall Time 
• I nput Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

-

CE = V1L 

1 TTL Gate and CL (100pF) 
10ns Max. 
0.45V and 2.4V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.095 

-

-

Input O.8V and 2.2V, Output O.8V and 2.0V 
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TYP. MAX. 

- -

- -

- -

- -

- -

- -

- -

0.1 0.105 

- 100 

- 90 

UNIT 

V 

UNIT 

J.lA 

V 

V 

mA 

mA 

V 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ns 

ns 



'.·~:t~' 
, :,:'C~tIGI:~2' 

HIGH SPEED PROGRAM OPERATION 

• TIMING CHART 

00-07 UNENOWN D!N ST;.BLE 

I1:DF2 

DOUT VALID 

NOTE: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after 
V pp . 

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 V pp 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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OPERATION INFORMATION 

The TC541000P/TC541001P's six operation 
modes are listed in the following table. Mode selec-

---------------------------------------------. PGM CE 

READ Read H L 

OPERATION Output Deselect * * 
(Ta = -40 ~ 85°C) 

------~---

~-* 
Standby H 

Program L L 
PROGRAM -* H 
OPERATION Program Inhibit ---

(Ta = 25 ± 5°C) 
H L 

1- Program Verify H L 
__ 1.--_ 

READ MODE 

The TC541000P/TC541001 P has three control 
functions. The chip enable (CE) controls the opera­
tion power and should be used for device selection. 
The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming in that CE = OE = VI Land PGM = VIH , 
the output data is valid at the output after address 
access time from stabilizing of all addresses. The CE 
to output valid (tCE ) is equal to the address access 
time (tACC). 

Assuming that CE = VIL , 'PGM = VIH and all 
addresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. And 
assuming that -CE = OE = VIL and all addresses are 
valid, the output data is valid at the outputs after 
tpGM from the rising edge of PGM. 

OUTPUT DESELECT MODE 
Assuming that CE = V IH or OE = V IH , 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. 

STANDBY MODE 
The TC541 000P/TC541001 P has a low power 

standby mode controlled by the CE signal. By apply· 
ing a high level to the CE input, the TC541000P/ 
TC541 001 P is placed in the standby mode which 
recude the operating current to lOOIlA by applying 

TC541000P-ZO, TC541000P.Z5 
TC541001 P-20, TC541001P-Z5 

tion can be achieved by applying TTL level signal to 
all inputs. 

----, 

OE vpp vcc 00 ~ 0 7 POWER 

~--

L Data Out 
Active 

H 5V 5V High Impedance 
--:;;;-- --

High Impedance Standby 
1---

H Data In 
- --1275j:v f-------

f~--
High Impedance 

Active 

j 1_ Hig~lmpedance 
Data Out 

MOS-high level (V CC) and then the outputs are in a 
high impedance state, independent of the 0 E inputs. 

PROGRAM MODE 
Initially, when received by customers, all bits of 

the TC541000P/TC541001P are in the "1" state 
which is erased state. Therefore the program opera­
tion is to introduce "O's" data into the desired 
bit locations by electrically programming. 

The levels required for all inputs are TTL. The 
TC541 000P/TC541001 P can be progrannmed any 
location at anytime -- either individually, sequ­
entially, or at random. 

PROGRAM VERIFY MODE 
The verify mode is to check that the desi red data 

is correctly programmed on the programmed bits. 
The verify is accompl ished with CfE and CE at VI L 
and PGM at V IH . 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage 

(+12.75V) is applied to V pp terminal, a high level CE 
or PGM input inhibits the TC541 000P/TC541 001 P 
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 
appl ied to the other devices. 



HIGH SPEED PROGRAM OPERATION 
The device is set up in the high speed programming 

mode when the programming voltage (+12.75V) is 
applied to the V pp terminal with Vee = 6.25V and 
PGM = V 1H . 

The programming is achieved by applying a single 
TTL low level 0.1 ms pulse the PGM input after 
addresses and data are stable. Then the programmed 

• FLOW CHART 

- 1-70 

data is verified by using Program Verify Mode. 
I f the programmed data is not correct, another 

program pulse of 0.1 ms is applied and then program­
med 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 Vee = Vpp 

= 5V. 

NG 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TC541 000P/TC541 001 P which identifies it's 
manufactu rer and device type. 

The programming equipment may read out manu­
facturer code and device code from TC541000P/ 
TC541001 P by using this mode before program 
operation and automatically set program voltage 
(Vpp ) and algorithm. 

TC541000P-20, TC541000P-25 
TC541 001 P-20, TC541 001 P-25 

Electric Signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
I ines is set to VI L in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH . These two 
codes possess an odd parity with the parity bit of 
MSB (07). The following table shows electric signa­
ture of TC541 000P/TC541 001 P. 

_________________ PI NS fo-:--·~··· 
I 

--

Ao 0 7 0 4 0 3 O2 O} 0 0 HEX. DATA 
S I G NA TU R E -----_______ 

Manufacture Code 

Device Code 
I TC54l000P 

I TC54l001P 
Notes: A9 = l2V ± 0.5V 

Al "" A8, Al0 "" A16, CE, OE = VIL 
PGM = VIH 

VIL 1 

1 
VIH 

0 

0 0 1 

0 0 0 

0 0 0 
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1 0 0 I 0 98 
--

0 1 1 I 0 86 
0 1 1 I 1 07 



OUTLINE DRAWINGS 

Unit in mm 

17 

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. 

- 1-72 -



- J-1 -



- J-2 -



TOSHIBA MOS MEMORY PRODUCTS 
256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE MOS 

DESCRIPTION 

The TC53257P/F IS a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thiS being sUitable for use In program 
memory of microprocessor, and In character gener­
ator. The TC5325 7P IF uSing CMOS technology IS 
most sUitable for low power applications where bat-

FEATURES 

• Single 5V Power Supply 
• Access Time: 200ns(Max.) 
• Power Dissipation 

Operating Current: 25mA(Max.) 
Standby Current 20 p.A (Max.) 

• Pin Compatible with 256K EPROM TC57256AD/ADI 
• Pin Compatible with 256K OTPROM TC54256AP/AF 
• Full Static Operation 

PIN CONNECTION (TOP VIEW) 

NC vrm 
A12 A14 

A7 A13 
A6 A8 

AS A9 

A4 All 

A3 OE 
A2 AlO 

Al CE CE 

AO 07 

00 06 

01 05 

02 04 

GNO 03 

PIN NAMES 

~-~----------- - -- -- ------ 1 
I Ao-AI4 I Address Inputs 
rDo=D--;---TOa~~OutP~~---- - -- -
~-----.------t---'"----------'---- ----

I NC I No connection I 
~=---T' ------~~---------------- 'I 

I CE/CE Chip enable Input ' 
>--=------- ----------------- ----------,---------,- - 'I 

r-~~~ -J:~:e~~~~~:=--: 
- J-3 

tery operation IS required. 

TC53257P 
TC53257F 

The TC53257 P IF has one programmable chip 
enable Input CE/CE, for deVice selection and one 
output enable mput (OE) for fast memory access and 
output control. 

• Programmable Chip Enable 
• All Inputs and Outputs: TIL Compatible 
• Three State Outputs 
• Package 

PlastiC DIP 
PlastiC FP 

TC53257P 
TC53257F 

BLOCK DIAGRAM 

VOO GNO 

r j 00 0102030405 0607 

OE 

CE 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

AlO 

All 

A12 

A13 

A14 

-

Ul 
0:: w 
~ 
~ 

::::J 
co 
Ul 
[2 
0:: 
0 
0 
-< 

32.768 -8 
MEMORY CELLS 



MAXIMUM RATINGS 

SYMBOL ITEM RATING UNITS I 
Voo Power Supply Voltage -0.5-7.0 V I 
VIN Input Voltage -0.5-7.0 

~R VOUT Output Voltage O-Voo 

Po Power Dissipation 1.00.6· 

TSTG Storage Temperature -55-150 'C_~ 
TOPR Operating Temperature -40-85 C I 

TsoLoER Soldenng Temperature· Time 260·10 
I 
oC.~ 

Note: * Plastic FP 

D. C. OPERATING CONDITINS (Ta= -40-85"C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
-- --

Voo Power Supply Voltage 4.5 5.0 5.5 V 
--

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 I V 
--

D. C. and OPERATING CHARACTERISTICS (Ta= -40-85"C. Voo= 5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Leakage Current VIN=OV-Voo - ±1.0 pA 

ILO Output Leakage Current 
CE=VIH or OE=VIH - ±5.0 pA 
VOUT=OV-Voo 

10H Output High Current VOH=2.4V -1.0 -- mA 

10L Output Low Current VOL=0.4V 3.2 - mA 

100s1 Standby Current CE=VIH CE=VIL - 2 mA 
--

loos2 Standby Current CE=Voo-0.2V. CE=0.2V - 20 pA 

10001 VIH = VIH VIL. tCYCLE = 200ns - 40 mA 

Operating Current 
10002 VIN=Voo-02V/O.2V. tCYCLE=200ns - 25 mA 

CAPACIT ANCE 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitance f=lMHz. Ta=25C - 8 pF 

COUT Output Capacitance f=lMHz. Ta=25C - 10 pF 

Note: ThiS parameter is periodically sampled and is not 100% tested. 
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TC53251P 
TC53257F 

A. C. CHARACTERISTICS (Ta= -40-85'C, Voo=5V± 1 0%) 

SYMBOL PARAMETER 

tCYC Cycle Time 

tACC Access Time 

tCE Chip Enable Access Time from CE/CE 

tOE Output Enable Access Time from OE 

tCED, tOED Output Disable Time from CE/CE, OE 

L tOH Output Hold Time 

A. C. TEST CONDITIONS 

Output Load 

Input Levels 

100pF+ 1 TTL 
O.6V,2.4V 

Timing Measurement Reference Levels 

Input Rise and Fall Time 

TIMING WAVEfORMS 

AO-A14 

CE CE 

OE 

Input: O.8V, 2.2V 

Output: O. 8V. 2. 2V 
5ns 

~ 

tCYC 

Valid 

lACC 

~ 
tCE 

\ 

CE 

cf" 

L- toE 

f OPER~~~~N MO~~} L VI*:":V" 
I Output Deselect ~-----

_____ l_~_ * 

E 
I 

I 
L 

I 

- J-5 

MIN. MAX. UNIT 

200 - ns 

- 200 ns 

- 200 ns 

- 70 ns 

0 60 ns 

0 - ns 

~ 
.. I 

~ 
tCED 
~ 

/ 
tOI-! tOED -- - -

~ Valid rYY' 

AO-14 Outputs Power 

Valid Data out Operating 

* Operating 
Hlgh-Z 1----" 

* Standby 



'OUTL.Ne .• Q:RAWING$, 
• Plastic DIP 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4MAX. 

NOTE: Each lead pitch is 2. 54mm. 

Unit: mm 

I· 17.4MAX. .1 

Ali leads are located within O. 25mm of their true longitudinal position with respect to No.1 and No. 28 leads . 

• Plastic FP 

NOTE: Each lead pitch is 1.27mm. 
All leads are located within O. 12mm of their true longitudinal position with respect to No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
1M BIT(128K WORDX8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 

The TC531000AP/AF is a 1,048,576 bits read only 
memory organized as 131,072 words by 8 bits with a low 
bit cost, thus being suitable for use in program memory 
of microprocessor, espec ia Ily character generator. The 
TC531000AP/AF using CMOS technology is most 

FEATURES 

• Single 5V Power Supply 
• Access Time: 150ns (Max.) 
• Power Dissipation 

Operating Current 40mA (Max.) 
Standby Current 20llA (Max.) 

• All Inputs and Outputs: TTL Compatible 

PIN CONNECTION 
A15 VDD 
A12 A14 

A7 A13 

A6 AS 

A5 A9 

A4 All 

A3 A16 

A2 AIO 

Al CE/CE 
AO D"/ 

DO D6 
Dl D5 
D2 D4 

GND D3 

PIN NAMES 
--

AO ~ A16 Address Inputs 

OO~ 07 Data Outputs 

CE/CE Chip Enable Input 
f-------~---------~ 

~D Power Supply 

GNO Ground 

- J-7 

TC531 OOOAP ,TC531 OOOAF 

suitable for low power appl ications where battery opera­
tion are required. 

The TC531000AP/AF has one chip enable input 
CE/CE, programmable for device selection. 

• Three State Outpu ts 
• Fully Static Operation 
• Programmable Chip Enable 

• Package 
Plastic DIP: TC531000AP 
Plastic FP: TC531000AF 

BLOCK DIAGRAM 

GND DO Dl D2 D3 D4 D5 D6 D7 

CE 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

AIO 
All 
A12 
A13 
A14 
A15 
A16 

CIJ 

~ 
""' 
""' ::0 
~ 

CIJ 
CIJ 

~ 
~ 

~ 

CIJ 
~ 
i%I 

COLUMN DECODERS 

§ 131.072 x 8 
D 
i%I 
~ MEMORY CELLES 
~ 

~ 



MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.5 ~ 7.0 V 

VIN I nput Voltage --0.5 ~ VOO V _. 
VOUT Output Voltage O~ Voo V 

._-1-----
Po Power Dissipation 1.0/0.6* W 

-. 

TSTG Storage T emperatu re -55~ 150 °c I --
I °c TOPR Operating Temperature -40 ~ 70 ,. __ ._--\--- -~------~--~- ---~----

° I TSOLDER Soldering Temperature' Time 260' 10 C • sec 

Note: * Plastic FP 

D.C. OPERATING CONDITIONS (Ta = -40 ~ 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. U 
-~ --~~-- ----------

Voo Power Supply Voltage 4.5 5.0 5.5 
-~ ----

VIH InplJt High Voltage 2.2 - Voo~- 0.3 
1--- ------------

VIL Input Low Voltage -0.3 - 0.8 
----------- -

D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 70°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER 
----

IlL Input Lea kage Cu rrent 

I LO Outpu t Lea kage Cu rrent 
---~-~-

IOH Outpu tHigh Cu rrent 

IOL Outpu t Low Cu rrent 

100Sl Standb y Current 

100S2 Standb y Current 

10001 

10002 
Opera+ Ling Current 

CAPACITANCE 

SYMBOL PA 
~~~---+~~~~~--

~ Input Capacitanc e 

RAMETER 

COUT Output Capacitan ce 
'-----=-~---'-------

CONDITIONS ~~N. 
VIN = 0 ~ Voo 

CE = VIH, VOUT= 0 ~ \!oo I 
-

VOH= 2.4V -1.0 
1--

VOL = O.4V 3.2 
-------~-------

CE = VIH -
----

CE = VDoand VIN = OV (V[)Q) -

I 

VIN = VIH NIL, tcycle = 150ns -

VIN = Vo "D/OV , tcycle = 150ns _~-= 

I CONDITIONS MIN. 

] f = 1 MHz, Ta = 25°C -
f= lMH;, Ta= 25°C -

Note: This parameter is pel-iodically sampled and is not 100% tested. 

- J-8 -

MAX. 

~ ±1.0 /JA 

±5.0 /JA 

- mA 

- mA 

2 mA --
20 /JA --
50 mA 

40 mA 

--
MAX. UNIT 

10 pF 

10 pF 
------



A.C, CHARACTERISTICS (VDD '" 5V ± 5V ± 10%, Ta '" -40 ~ 70
c

C) 

SYMBOL PARAMETER 

tCYC Cycle Time 
--

tACC Access Time 
---.-~-~--- ~----.-

tCE Chip Enable Access Time 

tCED Output Disable Time 
--

tOH Output Hold Time 

AC TEST CONDITIONS 

• Output Load 
• I nput Levels 
• Tim ing Measurement Reference Levels 

• Input Rise and Fall Time 

TIMING WAVEFORMS 

X 

CE/CE } 

DOUT 

OPERATION MODE 

I 

==r=-
~ 

----.L 

MIN. MAX. 
--1--
150 -

- 150 

- 150 

- 50 

10 -

100pF + lTTL 
O.6V,2.4V 

Input O.8V,2.2V 
Output: O.8V,2.0V 

5ns 

CYC 

Valid 

tACC 
CE 

CE 

tCE 

~ 

UNIT 

ns 
--

ns 

ns 

ns-=l 

ns J 

.. 

I 

b~ 
Valid 

Xr 

lC531000AP 
TC531tlOOAF 

~ 
mNM~ 

XX "" 

r== ~O-e~-dE~~~~~---+-_C_~_~ 3f) __ P_A_'=~=:=i~=6 _____ +I __ D_Oa_~_:P_6-_~S_t ---+---rl _~o~:_:-;_~,_;-;-_n-g~~--il 
ITput Deselect __ f--_I(_L_) _~ ______ --L-__ Hlgh-Z _ Stanaby.--J 

H: V 1H , L: V iL , *: V1H or V1L 

- J-9 -



,----... - .... c, ~~II! .. '_!~_IIIJIIINU~~jII~·I11111'''''''!'!'~",''!'o,,;\'.....-oo-'' ~~~,~.~~i,"'" ......... -_,.....""!" .. "'!""'~~~N:'~~I"'''~~!'',~;,:\~llln"._1.III.JI)IIJ)IJjIIJJ1Jilli"')II'IM"IIMIIIfjJ.lill!i~~~_~I_". __ .I!IIIIII~~"~_'_'~I.I'~I' 
'~'~~, \,~~O 

·tu.l., 
Icaal"eOO'," 

• OUTLINE DRAWiNGS 

Plastic DIP 
28 

1 

0.5 ±0.15 

1.4 ± 0.15 

NOTE: Each lead pitch is 254mm. 

15 
Unit; mm 

,14 

15.24±0.25 

2.54 ± 0.25 

All leads are located within O,25mm of their true longitudinal positi':i with respect to No, 1 
and No, 28 leads. 

Plastic FP 

28 15 

1 14 

18.9MAX. 

NOTE: Each lead pitch is 1.27mm. 
All leads are located within O.25mm of their true longitudinal position with respect to No.1 
and No. 28 leads. 

NOTE: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserve the right, at any time without notice, to 
change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
1M BIT(128K WORDx8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 

The TC531 001 AP 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 microprocessor, and data memory, especially character 
generator. The TC531001AP using CMOS technology is 
most su itable for low power appl ications where battery 

FEATURES 

• Single 5V Power Supply 
• Access Time: 150ns (Max.) 

• Power Dissipation 
Opera t i ng Cu rrent: 40mA (Max.) 
Standby Current: 20J.l.A (Max.) 

PIN CONNECTION 
vDD 

N.C. 

N.C. 

A12 AU 

A13 

A8 

A5 A9 

"_4 All 
.\3 liE 
.'1.2 All) 

Ai CE, ~2 

AO D7 

GO D6 

Dl D5 

D2 D4 
GND D3 

PIN NAMES 

AO~ A16 Address Inputs 

DO~ 07 Data Outputs 

OE Output Enable Input 
i------= 

CE/CE Chip Enable Input 

V DD Power Supply 

GND Ground 

N.C. No Connection 

TC531001AP 

operations are required. 
The TC531001 AP has one programmable chip enable 

input CE/CE for device selection. 
The TC531001 AP is moulded in a 32 pin standard 

plastic package, 0.6 inch in width. 

• All inputs and Outputs: TTL Compatible 
• Three State Outputs 
• 32 pin 600 mil width Plastic DIP 
• Fully Static Operation 
• Programmable Chip Enable 

BLOCK DIAGRAM 

VDD GND 

DO Dl D2 D3 D4 D5 D6 D7 

1\1 

A2 

A3 
A4 

A5 (J) 

~ 
A6 i'il 

A7 II< 
II< 

A8 ::0 (J) 

rQ ~ 
A9 '-'1 

J) q 1 3 10 7 2 < a b L t 
A10 J) 0 

All '-'1 0 
~ '-'1 

A12 q q MEMORY CELLS 
q 

A13 <>: ~ 

A14 
0 
~ 

A15 

A160-

- J-11 -



MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 
r--- - .-

Voo Power Supply Voltage -0.5 ~ 7.0 V 
r--- --

VIN Input Voltage 
1-------

-0.5~ Voo V 

VOUT Output Voltage o~ Voo V 
r---

Po Power Dissipation 1.0 W 
r-------I--

TSTG Storage Temperature 
f--------f-----------------

TOPR Operating Temperature 

TSOLOER Soldering Temperature' Time 
~-

-55~ 150 ;t= -----_.---
°c -40 ~ 70 =±c. sec I 260' 10 

D.C. OPERATING CONDITIONS (Ta = -40 ~ 70°C) 

SYMBOL[ __ =-----PARAMETER --- ~' IN. TYP MAX. 

Voo ·---~er Supply Voltage 4.5 5.0 5.5 
V

1H 
--~ Inp~t-~gh Voltage ------.----- 2.2 Voo + 0.3 

-~IL _, Input Low-Voitage--==--===--- -=--=-~ --_-~If-----=:cO-.-8---I 

.0 /.lA 

- --I~ 

mA 

2 mA 

0 j.tA 

0 mA 
_.- ---
0 mA 

CAPACITANCE 

I SYMBOW - PARAMETER ~-
~--L~nput ~~citance _________ ~ 

_ COUT _lOutput Capacitance If"" i 

CONDITIONS MIN. MAX. Uf\)1 
---

MHz, Ta = 25°C - 10 

MHz, Ta = 2SoC 10 
P 

-

Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 70°C, VDD = 5V ± 10%) 

SYMBOL 

tCYC 

tAQ:: ____ _ 

PARAMETE-R---- MIN_MAX I UNI'· 

Cycle Time 150 -
-----.-----------f--

Access Time ~150 

::;::::~~Tr~ ______ ~J··· 1~~ m r :~:D- Output Disable Time 50 

tOED Output Disable Time from OE ----- -501 
t------=-:=-=----+- -----
L tOH Output Hold Time 0 - _J __ 

AC TEST CONDITIONS 

• Output L_oad 
• Input Levels 
• Tim ing Measurement Reference Levels 

• Input Rise and Fall Time 

TIMING WAVEFORMS 

OE 

OPERATION MODE 

MODE CE(CE) OE 

Read L(H) L 

Standby H( L) * 

Output Deselect L(H) H 

100pF + lTTL 
0.6V,2.4V 

Input 0.8V, 2.2\1 
Output: 0.8V,2.0V 

5ns 

tCYC 

AO~ 16 Outputs 

Valid Data Out 

* High-Z 

* High-Z 

- J-13 -
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Power 

Operating 

Standby 

Operating 



• OUTLINE DRAWINGS 

Unit: mm 

15.24 TYP. 

NOTE: Each lead pitch is 2.54mm. 
All leads are located within O.25mm of their true longitudinal position with respect to No.1 
and No. 32 leads. 

NOTE: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said ci.-cuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
4M BIT (512K WORDX8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

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 genera­
tor. The TC534000P using CMOS technology is most 
suitable for low power applications where battery opera-

FEATURES 

• Single 5V Power Supply 
• Access Time: 250ns (Max.) 
• Power Dissipation 

Operating Cur-rent: 30mA (Max.) 
Standby Current: 20J..l.A (Max.) 

PIN CONNECTION '1]VDD 
A16 31 A18 

A15 :)(J A17 

1<12 'lH A7 2.3 !'.~;~ 

A6 27 /1..,,, 
A5 26'_. c 

A4 

'1"1 
A3 2·1 C5iE 
AZ zr.s A10 

Al ~").- i'V ~ 
N<C ".jCu 

AO 21 D7 

DO 2Cj 1)6 

Dl L~~ le5 
D2 18 D( 

GND 17 lJ.) 

PIN NAMES 

I AO ~A18 Address Inputs 

DO ~ 07 Data Outputs 

OE Output Enable Input 
f-----, 

CE/CE Chip Enable Input --
VDD Power Supply 

GNO Ground 

l 
--

N.C. No Connection 

TC534000P 

tions are required. 
The TC534000P has one programmable chip enable 

input CE/CE jar device selection. 
The TC534000P is moulded in a 32 pin standard 

plastic package, 0.6 inch in width. 

• All inputs and Outputs TTL Compatible 
• Three State Outputs 
• 32 pin 600 mil width Plastic DIP 
• Fully Static Operation 
• Programmable Chip Enable 

BLOCK DIAGRAM 

DO Dl D2 D3 D4 D5 D6 D? 

CE 

OE 

AD 

A2 

A3 

A4 

A5 GJ 
~ 

A6 r W 
cr, 

N! 

A8 ,>- ::J 
::) 

524,288 x 8 blt 

MEMORY CSLLS 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 
--

Voo Power Supply Voltage -0.5'" 7.0 V --
VIN Input Voltage -0.5'" Voo V 

VOUT Output Voltage 0'" Voo V --
Po Power Dissipation ·1.0 W 

~~ Storage Temperatu re -55'" 150 
0(-

TOPR Operat i ng T emperatu re -40'" 85 °c 

TSOLOER Soldering Temperature' Time 260' 10 ° C • sec 

D.C. OPERATING CONDITIONS (Ta = -40'" 85°C) 
-

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 

V IH Input High Voltage 2.2 - Voo + 0.3 V 

V IL Input Low Voltage -0.3 - 0.8 

D.C. and OPERATING CHARACTERISTICS (Ta = -40'" 85°C, Voo= 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Leakage Current VIN = 0'" Voo - ±1.0 pA 
f------'--- --'-------

ILO Output Leakage Current CE = VIH , VOUT= OV '" Voo - ±5.0 pA 

IOH Output High Current VOH = 2.4V -1.0 - mA 

IOL Output Low Cu rrent VOL = OAV 2.0 - mA 

100Sl Standby Cu rrent CE = VIH - 2 mA 
--

100S2 Standby Cu rrent CE = Voo-0.2V and VIN = OV (Voo) - 20 pA 

10001 
Operating Current 

VI N = VI H /VI L ,tcycle = 250ns - 40 mA 

10002 VIN = Voo-0.2V/0.2V,tcycle = 250ns - 30 mA 

CAPACITANCE 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitance f= lMHz, Ta= 25°C - 8 

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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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, VDD = 5V ± 10%) 

SYMBOL PARAMETER 

tCYC Cycle Time 

tACC Access Time 

tCE Chip Enable Access Time 

tOE Output Enable Access Time 

tCED Output Disable Time 

tOED Output Disable Time from OE 

tOH Output Hold Time 

AC TEST CONDITIONS 

• Output Load 
• Input Levels 
• Timing Measurement Reference Levels 

• Input Rise and Fall Time 

TIMING WAVEFORMS 

}~ 

CE/CE ~ 

OE 

DOUT 

OPERATING MODE 
r-----

MODE CE(CE) OE 

Read L(H) L 

Standby H( L) * 

Output Deselect L(H) H 

H: VIH, L: VIL, *: VIH or VIL 

MIN. MAX. UNIT 

250 -

- 250 

- 250 

- 100 ns 

- 80 

- 80 

~ 10 -

100pF + lTTL 
O.6V,2.4V 

Input O.8V, 2.2V 
Output: O.8V, 2.0V 

5ns 

tCYC 

Valid 

tACC I CEI 

CE 

tCE 

AO~ 18 Outputs 

Valid Data Out 

* High-Z 

* High-Z 
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~ 

Power 

Operating 

Standby 

Operating 

TC534000P 



• OUTLINE DRAWINGS 

Unit: mm 

1'1 

16 

i 1 1.1 ± 0.1 S 

NOTE: Each lead pitch is 2.54mm. 
All leads are located within O.25mm of their true longitudinal position with respect to No.1 
and No. 32 leads. 

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